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The Effects of Halothane on Cardiovascular
Responses in the Neuraxis of Cats

Influence of Background Anesthetic State

Neil E. Farber, M.D., Ph.D.,* Enric Samso, M.D.,t John P. Kampine, M.D., Ph.D.,

William T. Schmeling, M.D., Ph.D.§

Background: This study examined the effects of halothane
on arterial pressure after central nervous system (CNS) pressor
site stimulation in anesthetized cats, cats rendered unconscious
by midcollicular transection, and conscious cats.

Methods: Two anesthetized groups and two nonanesthetized
groups were used. Cats were anesthetized with either a-chlo-
ralose and urethane or pentobarbital. Nonanesthetized groups
were cats with midcollicular transections or conscious cats
with chronically implanted electrodes. Stimulating electrodes
were placed into vasomotor areas of the hypothalamus (HYP),
reticular formation (RF), and medulla, and arterial pressure
responses to increasing stimulus currents were examined
during different halothane concentrations. Two groups of cats
were also anesthetized with either pentobarbital or urethane
and underwent bilateral carotid artery occlusion.

Results: Stimulation at each CNS site produced increases in
arterial pressure and heart rate. Halothane attenuated pressor
responses evoked by stimulation of all loci in all groups of
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cats. The inhibition by halothane on these cardiovascular re-
sponses was greatest at HYP and RF sites, while the medulla
was more resistant to the effects of halothane in the anesthe-
tized animals. Midcollicular transection decreased this med-
ullary resistance. The inhibition of pressor responses by halo-
thane was also greater in pentobarbital- than chloralose ure-
thane-anesthetized animals. In contrast, pressor responses
elicited by bilateral carotid occlusion were attenuated by
halothane similarly in both anesthetic groups. Reticular for-
mation stimulation in conscious animals resulted in ‘““alerting
responses” in addition to pressor effects, both of which were
attenuated by halothane.

Conclusions: Modulation of CNS cardiovascular control cen-
ters contribute to halothane-induced hemodynamic altera-
tions. Baseline anesthesia, CNS stimulation site, and the su-
prabulbar system influence the effects of halothane. (Key
words: Anesthetics, hypnotics: a-chloralose; pentobarbital;
urethane. Anesthetics, volatile: halothane. Brain, hypothala-
mus, reticular formation, medulla: baroreflex; cardiovascular
regulation; pressor sites.)

THE volatile anesthetics, including halothane, have
been previously demonstrated to disrupt normal car-
diovascular function. Halothane has been shown to alter
cardiovascular stability through multiple actions, in-
cluding a direct negative inotropic and chronotropic
action on the heart,' a direct vascular smooth muscle
vasodilatation,? a ganglionic blocking action,** an al-
teration of sympathetic and parasympathetic tone to
the heart,’ and effects within the central nervous system
(CNS).°'* Halothane has been postulated to alter CNS
modulation of circulatory control by a variety of mech-
anisms, including a disruption of baroreflex function,”**
increase or decrease in vagal efferent activity,”*'* and
an alteration of central integration of afferent neuronal
input and the generation of appropriate efferent re-
sponses.”®

The action of halothane in altering CNS control of
cardiovascular function has been unclear. Price” dem-
onstrated that halothane attenuated both pressor and
depressor responses to medullary stimulation in va-
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gotomized, decerebrate dogs. In contrast, using a vari-
ant of the isolated supported head technique, Wang ef
al. examined the effect of halothane on medullary
pressor responses in pentobarbital anesthetized dogs
and showed little or no reduction of reflex vascular
responses to medullary stimulation when halothane was
delivered to the cephalic perfusion.® In that study, there
were marked alterations in responses to medullary
stimulation when halothane was delivered caudally to
the body only, indicating a peripheral, rather than cen-
tral, action. of halothane in modulating circulatory
control.

A variety of vasomotor control areas exist within the
CNS, including the hypothalamus, brainstem reticular
formation, and medulla,’*"** and their roles in regu-
lating circulatory function have been relatively well
delineated. However, few studies have examined the
effects of the volatile anesthetics, including halothane,
on these central vasomotor centers. Recently, Poterack
et al.*>® examined the effects of isoflurane, midazolam,
and etomidate on cardiovascular responses to stimu-
lation of CNS pressor sites in chronically instrumented
cats.?? All three agents significantly attenuated the in-
crease in arterial pressure after stimulation of hypo-
thalamic or reticular formation vasomotor centers. In
contrast to the work of Wang et al.,® these results in-
dicate that these anesthetic agents may alter hemody-
namic stability, at least in part, by disruption of car-
diovascular control centers within the CNS.

Because the majority of investigations examining an-
esthetic actions on CNS function have been in acute
studies in animals that had received a hypnotic agent
(baseline anesthetic) and because all anesthetics dis-
rupt ongoing cardiovascular function to some extent,
the purpose of the first part of the current study was
to use different hypnotic agents in analyzing the actions
of halothane on CNS modulation of cardiovascular
function. A separate group of cats with midcollicular
transections was also used in the current study to elim-
inate disruptive influences of hypnotic agents. How-
ever, midcollicular transections produce a degree of
CNS cardiovascular imbalance and, thus, an additional
group of conscious, chronically instrumented cats was
also used. Three previously well-delineated central va-
somotor areas were chosen for electrical stimulation
sites: the ventrolateral hypothalamus, the mesence-

|| Guide for the Care and Use of Laboratory Animals. DHEW (DHHS)
Publication No. (NIH) 85-23, revised 1985.
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phalic reticular formation, and the medulla. The hy-

pothesis being tested was that the disruptive effects of
halothane on CNS control of the cardiovascular system
is influenced by the presence of a baseline anesthetic
and by an intact suprabulbar region.

Materials and Methods

All experimental procedures were approved by the
Medical College of Wisconsin Animal Use and Careg
Committee, and protocols were completed in accor-Z
dance with the Guiding Principles in the Care and USCm
of Laboratory Animals of the American Physxologncal”
Society and were in accord with NIH guidelines. [ Allm
chronically instrumented animals were housed thhmm
the animal facilities of the Medical College of \Wnscon-o
sin, accredited by the American Association for the Ac-g
creditation of Laboratory Care. Animals were randoml
assigned to treatment groups.
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General Preparation

Fifty-five cats were used for the CNS stimulation ex
periments. Successful experiments were performed ing
twenty-seven animals, as follows. Seven male and fc«»
male cats were anesthetized by an intraperitoneal mw
jection of a-chloralose (50-60 mg/kg) and urethané
(500-600 mg/kg) and seven cats were given intrag
peritoneal sodium pentobarbital (30-35 mg/kg). Five?
cats were instrumented for midcollicular transccnong
and eight chronically instrumented cats were used. Th@
weight range was 1.9-3.6 kg with no significant difg
ferences in weights between the groups. All ammalb%
fasted overnight before experimentation, and 0.9% sa-n
line was used as fluid replacement. §

In all animals, the right femoral artery and left cek
phalic vein were cannulated for measurement of artcrnal
pressure and for fluid and drug administration, respe(%’
tively. Animals were either tracheally intubated or 3
6.5 mm O.D. metal cannula was inserted through x
tracheostomy site and the animals’ lungs were me-
chanically ventilated with 100% oxygen, using a ven-
tilator and a semiclosed circuit. Arterial blood samples
were determined for measurements of blood gas ten-
sions (Model ABL-2; Radiometer, Copenhagen, Den-
mark). Ventilation was adjusted to maintain normal ar-
terial pco,. During anesthesia, animals were placed in
a stereotaxic restraint and the skull was exposed
through a midline incision. Burr holes were made
through the calvarium with a high-speed, air-turbine
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drill (Midwest Dental products, Des Plaines, IL) and 23-
G coaxial stimulating electrodes were stereotaxically
placed in target sites in the right ventrolateral hypothal-
amus (Horsely-Clark, anterior 10 mm, lateral 2.5 mm,
depth —3——5 mm), the left reticular formation (Horsely-
Clark, anterior 2 mm, lateral 2 mm, depth 0——2 mm),
and the right medulla (Horsely-Clark, posterior 11 mm,
lateral 4.5 mm, depth —4-—6 mm) according to the at-
lases of Bleier# and Berman.** The electrode was advaneed
toward the target depth in 0.5-mm increments, with
stimulation at each depth, to determine the optimal po-
sition for eliciting responses. The coaxial stimulating
electrodes were constructed of epoxy insulated 23-G
stainless steel tubing with formvar insulated wire ce-
mented in the lumen. Total resistance in saline usually
ranged from 60 to 80 kiloohms.

The stimulus for pressor responses was a 10-s train
of 0.05-0.1-msec square wave pulses delivered at 100
Hz through a constant current unit using digital stim-
ulators (WPI Electronics, New Haven, CT). Current in-
tensity was monitored and adjusted continuously by
means of an optically isolated current monitor. Thus,
even if electrode impedance varied during the exper-
iment, current density remained the same as at selected
control values.

After determining the optimal depth for eliciting a
pressor response, a ‘‘threshold” current, which elicited
a small but consistent increase in pressure, was estab-
lished. Threshold and two and four times threshold
current was then accomplished at 3-5-min intervals,
and at least two, and usually three, series of responses
to stimuli were obtained before administration of halo-
thane. Arterial pressure was allowed to return to base-
line before repetition of stimuli. Halothane was ran-
domly administered at 0.5, 1, and 2% end-tidal con-
centrations, as measured by a mass spectrometer
(Marquette Electronics, Milwaukee, WI). Studies in our
laboratory have shown that the MAC of halothane in
the cat is 1.22 + 0.05. A minimum of 30 min was al-
lowed to elapse between each change in anesthetic
concentration and stimulus presentation. Stimuli se-
quences were randomized and graded pressor responses
determined at each anesthetic concentration. On com-
pletion of the stimulus sequences during halothane ad-

# Bleier R: The Hypothalamus of the Cat. Baltimore, The Johns
Hopkins Press, 1961, pp 58-62.

** Berman A: The Brain Stem of the Cat. Madison, University of
Wisconsin Press, 1961, pp 14-16, 48-50.
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ministration, a 30-90-min ‘‘washout’” period without
halothane was allowed for the acute animals and an
overnight ‘‘washout’ was allowed for the chronically
instrumented animals, and electrode sites were again
stimulated. Core body temperature was monitored and
maintained within normal limits during all experi-
ments.

Midcollicular Transection Technique

Anesthesia was induced in five animals via mask ad-
ministration of halothane. After arterial and venous
cannulation and tracheostomy were accomplished, an-
imals were placed in a stereotaxic restraint. A midline
incision exposed the skull over the occipital and pa-
rietal lobes. A craniotomy exposed the cerebrum from
the tentorial plate to the squamous suture laterally and
to the sagittal suture dorsally. The dura was reflected
and, using a blunt spatula, the occipital lobe was re-
tracted and removed, thus exposing the bilateral in-
ferior and superior colliculi. A midcollicular transec-
tion was accomplished using a wire loop. Figure 1
demonstrates the location of the transection. Multiple
passes rostrally and medially with a small needle elec-
trode with continuous lesioning current destroyed the
rostral brain. Anesthesia was then discontinued, posi-
tive pressure ventilation was initiated, and pressor re-
sponses were elicited by reticular formation and med-
ullary stimulation.

Fig. 1. Schematic representation of CNS sites for stimulating
electrodes in sagittal and coronal planes. Diagrams

to Horsely-Clark coordinates in frontal plane. See text for spe-
cific coordinates of the right ventrolateral hypothalamus
(HYP) (N = 22), left reticular formation (RF) (N = 27), and
the right medulla (N = 17). Hatched line represents plane for
midcollicular transection. CC = corpus callosum; OB = olfac-
tory bulb; ON = optic nerve; OT = optic tract; PG = peria-
quaductal gray; 5 = trigeminal nerve; SC = superior colliculus;
V3 and V4 = 3rd and 4th ventricles respectively.
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Chronic Implantation Technique

Methodology for chronic implantation technique has
been described in detail previously.?* Cats were anes-
thetized with halothane and tracheally intubated, and
their lungs mechanically ventilated. All surgical sites
were prepared and draped in a sterile fashion. The right
external jugular vein and right carotid artery were can-
nulated for fluid and drug administration and pressure
measurements, respectively. Catheters were tunneled
subdermally to a lateral thoracic exit site. The tech-
niques for electrode placement were similar to those
described above, with stimulating electrodes advanced
into the right ventrolateral hypothalamus and left re-
ticular formation. The electrodes were anchored to the
skull within a miniature headplate and tissue layers
were closed. Animals were allowed to recover for a
minimum of 7-10 days and were trained to rest quietly
in a restraining sling. .

Bilateral Carotid Occlusions

In two separate groups of cats, after administration
of the baseline anesthetic (either sodium pentobarbital
[n = 6] or chloralose-urethane [n = 6], which were as-
signed in random fashion), the animals underwent ar-
terial and venous cannulation and ventilation of their
lungs, as described above. The carotid arteries were
isolated and bilateral carotid occlusions were per-
formed for 10 s and then released using a specially
constructed hydraulic occluder. After baseline control
measurements for pressor responses, increasing doses
of halothane were administered in each group of cats
and bilateral carotid occlusions were again repeated.

Histologic Documentation of Electrode Sites

At the conclusion of all experiments, the cats were
killed with pentobarbital and stimulation sites were
marked by passing a current between the tip and the
shaft of each electrode. The brain was perfused in situ
with saline followed by 10% formalin-saline solution
(vol/vol). The brain was removed from the skull and
placed in 10% formalin-saline solution with 0.5% so-
dium ferrocyanide to complete fixation and develop
Prussian Blue marks at the electrode tip sites. After fix-
ation for 48 h, the brains were cut into blocks, frozen,
and sectioned for histologic determination of electrode
sites.

Statistical Analysis

Pressor responses were calculated as change in sys-
tolic arterial pressure from baseline measurements

Anesthesiology, V 82, No 1, Jan 1995

taken immediately before stimulation of each CNS site.
Pressor responses before and during anesthesia were
analyzed with a repeated-measures ANOVA with one
between factor (treatment groups) and two within fac-
tors (dose of halothane and current stimulation) for
each CNS stimulation site. All statistical analyses were
performed using SAS (Statistical Analysis System) pro-
cedure GLM software on a VAX mainframe computer.
Multivariate tests (Roy’s greatest root) for overall sig-
nificance (main effects and two-way and three-way in-
teractions) were performed. When the interaction tests
were significant, individual comparisons were made to
identify which means were different. A Bonferroni
multiple comparison procedure was used to make
comparisons between treatment groups for a single site,
dose and stimulation current intensity, and comparing
halothane level back to control at a single site and volt-
age level. All changes were considered significant when
P < 0.05. All data are expressed as mean + SEM.

Results

Histologic Documentation of Electrode Sites

Histologic examination showed that hypothalamic,
reticular formation, and medullary sites were located
within 1-1.5 mm of the target coordinates in all three
axes (fig. 1). Hypothalamic sites were located in the
ventrolateral hypothalamus adjacent to the third ven-
tricle, extending caudally to the mamillotegmental
tract and rostrally toward the mamillothalamic tract.
Reticular formation sites were located slightly lateral §
to the periaqueductal gray area and included the central
tegmental field. Medullary sites were located dorsolat-
erally, at the level of the fourth ventricle, vagus nerve, f
and lateral tegmental field, and extended posteriorlyé;
toward the nucleus tractus solitarius. Thus, electrode 3
sites for electrical stimulation were within gcnerally;;
accepted boundaries of the target pressor regions. S
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Alterations in Hemodynamics Produced by

Halothane

The effects of graded levels of halothane on systemic
hemodynamics in cats anesthetized with pentobarbital
or chloralose-urethane, in cats after midcollicular tran-
section, or in chronically instrumented cats are shown
in table 1. There were no differences between groups
in heart rate at baseline control. Halothane significantly
decreased heart rate of animals in all groups and, after
its discontinuation, there were no differences in heart
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Table 1. Change in Systemic Hemodynamics after Halothane Administration in Cats Anesthetized with Pentobarbital,
Chloralose-Urethane, Midcollicularly Transected, or Chronically Instrumented

Halothane
Group Control 0.5% 1.0% 2.0% Post
HR (beats/min) PB 245+ 8 205 + 15 189 + 14* 169 + 5* 218 £ 14
cu 240 + 13 230 + 14 224 + 18 205 + 21*% 235 + 14
MC 197 + 12 178 + 14 174 + 9 164 + 5* 202 + 17
C 207 + 15 192 £ 21 163 + 22 117 + 11§ 204 + 14
SBP (mmHg) PB 142 + 4 110 + 6§ 93 + 6§ 71+ 4° 140 £7
cu 157 + 11% 151 + 1114 142 + 141% 96 + 811 152 + 12
MC 149 + 11 120 = 2* 100 + 3* 62 + 1§ 147 +9
G 123 + 4§ 109 + 9§ 92 + 10§ 58 + 6°§ 134+ 9
DBP (mmHg) P8 103+5 77T 70 + 6* 45 + 4*% 98 +8
cu 100 + 13 91 +10 s 84 + 10 52 + 5*% 105 + 14
MC 92+ 4 83+3 68 + 3* 37 +2* 101+5
c 80 + 4 72+9 56 + 9 27 + 31§ 84+6
MAP (mmHg) == 117+ 4 88 + 6" 78 + 5 54 + 4* 1127
cu 119 + 12 112+7 103 + 10 67 + 6* 121+ 1
MC 111+5 95 + 3* 79 + 3* 45 + 1* 116 +5
c 94+4 85+9 68 + 9 37 + 3 101+ 6

PB = pentobarbital (n = 7); CU = chioralose-urethane (n = 7); MC = midcollicular transection (n = 5); C = chronically instrumented (n = 8); HR = heart rate; SBP
= systolic blood pressure; DBP = diastolic blood pressure; MAP = mean arterial pressure.

Data are mean + SEM. Post values represent measurements 24 h after discontinuation of halothane for C animals and 30-90 min for all other groups. Note the
similar decreases in heart rate during halothane in all groups. Halothane decreased arterial pressure of animals in all groups with the greatest changes in the MC
and C groups. There were significant halothane main effects for each variable and group main effects for SBP.

* Significantly different (P < 0.05) from control (conscious for chronically implanted or baseline for anesthetized and transected).

t Significantly different (P < 0.05) from pentobarbital (PB).

1 Significantly different (P < 0.05) from chronically instrumented (C).

§ Significantly different (P < 0.05) from chloralose-urethane (CU).

1 Significantly different (P < 0.05) from midcollicularly transected (MC).

rates between groups or within any group as compared
to prehalothane control values.

Systolic arterial pressures were significantly different
at baseline control between chloralose-urethane and
chronic groups (157 % 11, chloralose-urethane group
versus 123 = 4 mmHg, chronic group). Diastolic and
mean arterial pressures were not different between any
groups during prehalothane controls or after discon-
tinuation of halothane. Halothane significantly de-
creased arterial pressure in all groups.

Central Nervous System Pressor Site Responses in

Anesthetized Cats

The results of the pressor responses before, during,
and after halothane administration in pentobarbital- and
chloralose-urethane-anesthetized animals is shown in
figures 2—4. Stimulation of all CNS vasomotor sites sig-
nificantly increased arterial pressure in a current-de-
pendent fashion in anesthetized cats. Current intensities
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at threshold levels for each site under each baseline
anesthetic are shown in figure 2. Intensities required
at threshold were greater at each site in cats anesthe-
tized with pentobarbital as compared with those anes-
thetized with chloralose-urethane. Graded levels of
halothane significantly attenuated pressor responses
evoked by stimulation of all CNS pressor sites in anes-
thetized animals. The greatest attenuation of pressor
responses occurred at hypothalamic and reticular for-
mation sites. In addition, cats anesthetized with chlo-
ralose-urethane were more resistant to the inhibitory
effects of halothane on CNS pressor site stimulation, as
compared with cats anesthetized with pentobarbital (at
2% halothane, maximal reticular formation stimulation;
5 + 2 mmHg pentobarbital group versus 33 * 19
mmHg chloralose-urethane group). Indeed, after med-
ullary stimulation in chloralose-urethane anesthetized
cats, the attenuation of pressor responses by halothane
are only significant at the threshold stimulation level,
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Fig. 2. Effects of graded concentrations of halothane on systolic
arterial pressure responses to threshold (T) and two and four
times threshold (2T and 4T) stimulation at hypothalamic, re-
ticular formation, and medullary sites. C = Threshold current
intensity; CON = control conditions with either pentobarbital
(N = 7) or chloralose-urethane (N = 7) as baseline anesthetic.
Data are expressed as mean + SEM. *Significantly different (P
< 0.05) from control response at the same current intensity.
Note the greatest attenuation of pressor responses during
halothane administration at hypothalamic and reticular for-
mation sites. Also, cats given chloralose-urethane were more
resistant to halothane effects as compared with pentobarbital-
anesthetized cats.

even at concentrations of 2% halothane. In contrast,
0.5% halothane significantly attenuates medullary
pressor responses in pentobarbital-anesthetized cats at
all stimulation intensities. Figure 3 illustrates typical
effects of halothane on arterial pressure responses after
CNS stimulation in cats anesthetized with pentobar-
bital.

Central Nervous System Pressor Site Responses in

Nonanesthetized Cats

Midcollicular transections resulted in stable hemo-
dynamics that were not significantly different than those
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of anesthetized or chronic-conscious animals (table 1).
Midcollicullar transections also produced significant
and stereotypic decerebrate posturing in all animals.
Medullary and reticular formation stimulation in mid-
collicullarly transected cats resulted in significant in-
creases in arterial pressure that were greater than those
elicited in cats that were chronically implanted or in
anesthetized cats (figs. 4 and 5). Administration of
halothane after midcollicular transection resulted in a
significant dose-dependent attenuation of pressor re-
sponses. The medulla was not as resistant to the effects
of halothane depression in the midcollicular animals
as in the anesthetized animals. Figure 6 depicts a rep-
resentative tracing of pressor responses to stimulation
of central pressor sites in midcollicularly transected
cats after administration of halothane.

Hemodynamic baseline measurements of chronically
instrumented cats are shown in table 1. There were no
significant differences in the heart rate and diastolic or
mean arterial pressure of conscious-intact cats as com-
pared with those of cats in other groups. Systolic arterial
pressure was significantly lower in conscious cats than
that in chloralose-urethane-anesthetized cats. Stimu-
lation of both the reticular formation and hypothalamus
produced significant pressor responses in the conscious
state (figs. 4 and 7) and produced what appeared to
be an ““alerting response,” characterized by bilateral
pupillary dilatation, mild tachypnea, movement of the
head, and behavioral manifestations of increased atten-
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Fig. 3. Representative tracings of a pentobarbital-anesthetized
cat showing the effects of graded doses of halothane on sys-
tolic arterial pressure responses to four times threshold CNS
stimulation or after bilateral carotid occlusion. Note the
marked attenuation of arterial pressor responses by halothane.
Central nervous system sites were hypothalamus, reticular
formation, or medulla.
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Fig. 4. Effects of graded concentrations of halothane on systolic
arterial pressure responses to four times threshold stimulation
at hypothalamic, reticular formation, and medullary sites.
Treatment groups include: anesthetized with either pento-
barbital (N = 7) or chloralose-urethane (N = 7), midcollicular
transectioned nonanesthetized (N = 5), and conscious, chron-
ically instrumented cats (N = 8). CON = control-baseline. Data
are expressed as mean + SEM. *Significantly different (P < 0.05)
from control response at the same current intensity. Note the
least attenuation of pressor responses at the medullary site,
and that midcollicular transection decreased this medullary
resistance. Also, note the similarity in responses between
pentobarbital anesthetized and chronically instrumented cats.

tiveness. Administration of halothane attenuated the
stimulation-induced pressor responses. Although 0.5%
halothane appeared to produce a degree of anesthesia
in this animal, stimulation of the reticular formation
produced similar manifestations of behavioral atten-
tiveness, as observed in the conscious state. These ef-
fects lasted 15-30 s after stimulus presentation. Higher
levels (1 and 2%) of halothane diminished these be-
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havioral effects in addition to the marked attenuation
of the CNS-induced pressor response.

Pressor Responses to Carotid Occlusion

Bilateral carotid artery occlusion produced marked
increases in blood pressure in anesthetized cats. There
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Fig. 5. Effects of graded concentrations of halothane on systolic
arterial pressure responses to threshold (T) and two and four
times threshold (2T and 4T) stimulation at reticular formation
and medullary sites in nonanesthetized cats with midcollicular
transections (N = 5). C = Threshold current intensity; CON =
control-baseline. Note the increased sensitivity of the medulla
to the effects of halothane as compared with the reticular for-
mation. Data are expressed as mean + SEM. *Significantly dif-
ferent (P < 0.05) from control response at the same current
intensity.
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Fig. 6. Representative tracings of a midcollicularly transected,
nonanesthetized cat showing the effects of graded doses of
halothane on systolic arterial pressure responses to four times
threshold CNS stimulation at reticular formation and medul-
lary sites. Note the marked attenuation of arterial pressor re-
sponses during halothane administration.

were no differences in the blood pressure responses to
carotid occlusion between cats anesthetized with pen-
tobarbital (31 + 3 mmHg increase) versus those with
chloralose-urethane (25 + 3 mmHg) (table 2). Graded
doses of halothane significantly attenuated the pressor
responses that occurred after bilateral carotid occlusion
and again, there, were no differences between pento-
barbital- (4 + 1 mmHg at 2% halothane) and chloralose-
urethane- (9 + 4 mmHg at 2% halothane) anesthetized
animals in the pressor responses.

Discussion

The current investigation demonstrated that halo-
thane differentially attenuated CNS-induced pressor re-
sponses after hypothalamic, mesencephalic reticular
formation, and medullary stimulation in anesthetized
and nonanesthetized cats. Cardiovascular control cen-
ters in the medulla appear to be more resistant to the
disruptive effects of halothane as compared with the
hypothalamus and reticular formation. Also, the mod-
ulation of CNS vasomotor responses by halothane is
dependent on an intact suprabulbar system, because
midcollicular transection resulted in greater sensitivity
to the effects of halothane at the medullary level. Halo-
thane effects on CNS pressor responses are also influ-
enced by the presence and type of baseline anesthetic.

Control of cardiovascular responses involves neuronal
integration/modulation at all levels of the neuraxis.
Several vasomotor ‘‘control centers” have been de-
scribed, including sites within the hypothalamus,'*~"”
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mesencephalic reticular formation, medulla,
and cerebellum.?® The hypothalamus, reticular for-
mation, and major primary afferent terminations of the
baroreceptors, including the nucleus tractus solitarius,
have extensive interconnections modulating cardio-
vascular homeostasis. In addition, the fornix and in-
fundibular nucleus, found within the present stimu-
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Fig. 7. Effects of graded concentrations of halothane on systolic
arterial pressure responses to threshold (T) and two and four
times threshold (2T and 4T) stimulation at hypothalamic and
reticular formation sites in nonanesthetized, chronically in-
strumented cats (N = 8). C = Threshold current intensity; CON
= control-baseline. Note the marked blunting of pressor re-
sponses by halothane. Data are expressed as mean + SEM. *Sig-
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Table 2. Change in the Pressor Response (mmHg) to 10-
Second Bilateral Carotid Occlusion after Halothane .
Administration in Cats Anesthetized with Pentobarbital or
Chloralose-Urethane

Halothane
BCO
Group Control 0.5% 1.0% 2.0% Post
PB 31+3 14 0 9+ 1% &9 g ¥
CuU 25+3 L% 4 e 9+4 20+ 4

BCO = bilateral carotid occlusion; PB = pentobarbital (n = 6); CU = chloralose—
urethane (n = 6).

Data are mean + SEM. Note that halothane attenuates pressor responses to
BCO similarly in cats anesthetized with PB and CU.

* Significantly different (P < 0.05) from BCO control.

lation areas, also exhibit cardiovascular regulatory
roles.

Volatile anesthetics disrupt cardiovascular function
through a variety of mechanisms, including direct ef-
fects on the myocardium,'’ peripheral vasculature,’
sympathetic ganglia,®”> sympathetic and parasympa-
thetic tone,” and the CNS.°'>'? The mechanism by
which halothane attenuates CNS-stimulation-induced
pressor responses may involve actions at several loca-
tions along the sympathoexcitatory pathway via alter-
ations in the responsiveness or gain of CNS cardiovas-
cular centers, and/or by modulating the responsiveness
of pre- or postganglionic neurons. General anesthetics,
including the volatile agents,**?*?® a-chloralose,*”~**
urethane,?”*° and barbiturates,*' *? have all been dem-
onstrated to differentially alter CNS cardiovascular
control centers. However, the relative importance of
central versus peripheral mechanisms of general an-
esthetics in terms of modulation of cardiovascular re-
sponses remains unclear. Halothane, delivered to an
isolated cephalic circulation in pentobarbital-anesthe-
tized dogs, decreased arterial pressure, heart rate, con-
tractile force, and hemodynamic responses to carotid
sinus occlusion.® Also, in vagotomized, decerebrate
dogs anesthetized with chloralose, local microinjec-
tions of halothane, cyclopropane, or procaine de-
creased medullary stimulated pressor and depressor
responses,’ indicating a halothane-mediated depression
of CNS-mediated cardiovascular responses. However,
these studies used only one stimulus intensity and local
microinjection of solvent equilibrated with anesthetics.
In contrast, Wang et al.® found little or no reduction
of reflex vascular responses to medullary stimulation
when halothane was delivered to a cephalic perfusion,
yet marked changes in responses when halothane was
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delivered caudally to the body only, indicating that
halothane may exert its hypotensive effect, in part, via
peripheral circulatory depression.

Excitatory synapses in the CNS are typically depressed
by general anesthetics, while synapses mediating in-
hibitory neurotransmission may be depressed or excited
by general anesthetics, depending on the brain region
and type of anesthetic. General anesthetics have been
shown to inhibit sympathetic ganglionic nerve trans-
mission.*>** Seagard et al.*'° demonstrated that halo-
thane increased baroreceptor afferent activity in anes-
thetized dogs while also inhibiting postganglionic
nerve activity to a greater degree than preganglionic
activity, indicating a ganglionic blocking effect. Ad-
ministration of halothane attenuated excitation of mes-
encephalic reticular formation neurons,” as well as
thermosensitive neurons in the preoptic region of the
anterior hypothalamus.?*

Poterack et al.** demonstrated that the administration
of isoflurane markedly attenuates all hemodynamic re-
sponses after stimulation of reticular formation and
ventrolateral hypothalamic sites in chronically instru-
mented cats. In contrast, the intravenous anesthetics
midazolam and etomidate attenuated the pressor re-
sponses to stimulation, but not the chronotropic or ab-
dominal aortic flow responses. In the current study,
after reticular formation stimulation and, to a lesser
degree, hypothalamic stimulation, animals exhibited a
consistent behavioral attentiveness. These effects were
consistent with a degree of ascending reticular acti-
vation of rostral CNS sites. Although 0.5% halothane
appeared to produce a light anesthesia with preserva-
tion of such responses, higher levels of anesthesia at-
tenuated the behavioral responses, possibly through
blunting of this reticular activation. Results of the cur-
rent study agree with those of Ngai et a/.** in that halo-
thane depressed the pressor response to hypothalamic
or mesencephalic stimulation; however, in that study,
medullary stimulation was not performed. Cardiovas-
cular control centers in the hypothalamus and reticular
formation modulate sympathetic outflow partially
through more diffuse polysynaptic neuronal pathways
than sites in the medulla and, thus, may be more sus-
ceptible to effects induced by halothane.

In the current study, we have demonstrated that the
type of baseline anesthetic used significantly modulates
the effects of halothane on CNS cardiovascular control.
Chloralose or the combination of chloralose and ure-
thane generally remain the most popular baseline an-
esthetics used in cardiovascular or neuroscience lab-
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oratory studies. Classically, the intravenous anesthetic
agent chloralose has been employed to preserve reflex
behaviors and hemodynamics and cause minimal
depression of the baroreceptor reflex as compared with
barbiturates.?>2%3% However, chloralose also depresses
resting minute volume and the ventilatory response to
CO,.>* Urethane is an intravenous agent that is used
for inducing profound anesthesia with minimal effects
on circulatory dynamics. However, urethane also ap-
pears to inhibit a-2 mediated cardiovascular responses,
both peripherally and in the CNS.*” Administration of
pentobarbital has been demonstrated to reduce sym-
pathetic nervous activity in brainstem-intact and de-
cerebrated cats.? Barbiturates have no effect on cervical
preganglionic sympathetic activity in C1 spinal cord-
transected cats, indicating an inhibition of medullary
pressor neurons.*’ .

Several previous investigations have demonstrated
that anesthesia interferes with autonomic responses and
central mechanisms regulating the cardiovascular sys-
tem.'7:27:22:31.34 The administration of urethane or pen-
tobarbital has been shown to significantly attenuate or
even reverse the pressor effect caused by local mi-
croinjection of norepinephrine into the nucleus tractus
solitarius.?” Intracerebroventricular injection of do-
pamine has been demonstrated to increase blood pres-
sure in anesthetized cats,*’ but to decrease blood pres-
sure in conscious dogs.>® Similarly, stimulation of the
locus coeruleus,?” or paraventricular nucleus, '7 which
causes increases in blood pressure in conscious rats
results in opposite effects in rats anesthetized with
chloralose.?®3® The current study shows that significant
pressor responses may be elicited by stimulation at hy-
pothalamic, reticular formation, and medullary sites in
cats anesthetized with pentobarbital or chloralose-ure-
thane, and that these responses were similar to those
observed in conscious, chronically instrumented cats.
However, the stimulation current intensities required
to elicit a threshold response tended to be greater in
pentobarbital-anesthetized cats than either chloralose-
urethane-anesthetized cats or nonanesthetized, micol-
licularly transected or intact animals. This finding in-
dicates that pentobarbital more profoundly suppressed
these vasomotor areas, rendering them less susceptible
to electrical stimulation-induced perturbations. Al-
though the administration of graded doses of halothane
attenuated the evoked pressor responses in anesthetized
cats as it did in conscious animals, cats anesthetized
with the two baseline anesthetics differed significantly
in their sensitivities to the effects of halothane. Pressor
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responses after CNS stimulation in pentobarbital-anes-
thetized cats were significantly more attenuated by
halothane than were responses in chloralose-urethane-
anesthetized cats. Indeed, the blunting of pressor re-
sponses by halothane in pentobarbital-anesthetized cats
was very similar to that in chronically instrumented,
nonanesthetized cats. The conclusions regarding dif-
ferences between baseline anesthetics is limited by the
use of a single dose of each agent and, thus, results
may be related to dose rather than type of agent. This
does not appear likely based on previous findings re-S
garding differential cardiovascular modulation by thesez
agents. In addition, we have shown that pressor re-3
sponses that occur after bilateral carotid occlusions arc;"f
attenuated by halothane to the same extent whethers
the baseline anesthetic is pentobarbital or chloralose2
urethane. In other words, the attenuation, by halothane §
of pressor responses evoked by CNS stimulation varied
depending on the baseline anesthetic, while thos&
evoked by carotid occlusion were independent of thé
type of baseline anesthetic. These differential effects
of halothane have not been previously described, anc;
their reason(s) are unclear.
The nucleus tractus solitarius and paramedian retick
ular nucleus receive the primary afferent fibers of thé
baroreceptors.”****? From the nucleus tractus solitarg
ius, secondary neurons project to the spinal cord ing
termediolateral cell column, the site of origin of mang
sympathetic preganglionic neurons,*’ and to brainstem?
areas, the hypothalamus, the rostral and ventral latcrﬁg; ‘
medulla, and through the medulla oblongata centrali
to the nucleus ambiguous.”' Based on the current fin
ings, we postulate that halothane is acting in the CN§
to modulate pressor responses. More specifically, o
results indicate that halothane may be modulating CN§
induced pressor responses partially at the level of the
tractus solitarius, nucleus tractus solitarius, or me(?_-
ullary tegmental fields, or at secondary projections ;ﬁ .
this level, including those to the caudal and ventrolg
teral medulla (A1 and C1 areas, respectively), which
are involved in baroreceptor modulation of the cardio-
vascular system. An action at modulatory cardiovascular
centers within the mesencephalic reticular formation
may also be involved. Because the actions of both in-
travenous anesthetics involve, in part, the mesence-
phalic reticular formation, it may be predicted that,
during carotid occlusion, halothane would disrupt af-
ferent information to cardiovascular control centers in
the reticular formation and hypothalamus and at other,
more rostral CNS sites, and would, therefore, be in-
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dependent of the baseline anesthetic. Additionally, if
halothane is acting in the CNS, in part, by modulating
the activity of the nucleus tractus solitarius, stimulation
at other CNS loci would result in pressor responses that
are differentially attenuated depending on the baseline
anesthetic. In contrast, if halothane was acting pre-
dominantly in the periphery to effect sympathetic ef-
ferent activity, the effects of halothane would be in-
dependent of baseline anesthetic and independent of
the etiology of the pressor response, which was not
demonstrated in the current study.

Although isoflurane may preserve baroreflex control
mechanisms and maintain sympathetic efferent outflow
to a greater extent than halothane,”>'? the attenuation
of hypothalamic and reticular formation pressor re-
sponses by isoflurane®® and halothane were very similar.
However, one difference that is apparent between the
central modulation of isoflurane and halothane is that,
during emergence from isoflurane, conversions of
pressor to depressor responses were observed.?* In the
current study, these paradoxic responses did not occur
during or after the administration of halothane. The
etiology for these conversion responses is unclear, but
may be attributable to a selective blunting of predom-
inantly excitatory transmission at low residual levels
of isoflurane, resulting in neuronally mediated vaso-
depression.*?

To eliminate the confounding influence of a baseline
anesthetic, as well as the influence of rostral CNS sites,
cats underwent midcollicular transections. Not only
did the administration of halothane still attenuate CNS-
mediated pressor responses after midcollicular tran-
section, but medullary stimulation-induced pressor re-
sponses, typically the most resistant to the effects of
halothane, showed increased sensitivity. These findings
are in agreement with multiple studies demonstrating
that cardiovascular control centers in the medulla are
influenced by, and regulated in association with, more
rostral CNS locations. Transections of the neuraxis at
the midcollicular level differentially spare neuronal
pools*!*? and release lower cardiovascular CNS centers
from tonic rostral control, thereby allowing these lower
centers to function independently. Indeed, separating
the hypothalamus from the caudal brainstem is impor-
tant in that the mesenchalic reticular formation is
known to influence the hypothalamus.** Studies in cats
with brainstem transections at various levels along the
neuraxis allow differentiation of CNS function. For ex-
ample, various levels of brainstem transections indi-
cated that the primary site of action for cannabinoid-
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induced hypothermia is in the caudal brainstem, prob-
ably ponto-medullary.*? The current results indicate
that the CNS modulation of cardiovascular function by
halothane may be partially independent of forebrain
structures. Similarly, Rampil et al.** recently demon-
strated that anesthetic potency of isoflurane in terms
of somatomotor responses is unchanged after precol-
licular decerebration, i.e., independent of forebrain
structures in the rat.

Limitations in the methodology of the current study,
as in any study involving electrical stimulation, include
the possibility of current spread and lesions produced
by the electrode. The importance of these factors has
been lessened by using threshold current levels and
minimizing the electrode manipulation. In addition,
stimulation of areas adjacent to the target regions does
not produce similar hemodynamic responses (unpub-
lished observations). A limitation also includes the
possibility that carotid cannulation compromised ce-
rebral blood flow. However, there is no evidence of
cerebral ischemia in behavior, hemodynamics, or re-
gional EEG (unpublished observations).

In summary, pressor responses elicited from three
distinct CNS sites in the hypothalamus, reticular for-
mation, and medulla were significantly attenuated by
halothane. The degree of attenuation was dependent
on the presence or absence and type of a baseline an-
esthetic, the presence of an intact brainstem, and the
CNS loci stimulated. These findings imply that an im-
portant effect of halothane on the regulation of cardio-
vascular hemodynamics involves an inhibition of var-
ious CNS vasomotor control sites. In addition, this study
begins to delineate the role of halothane in the ho-
meostatic modulation of cardiovascular functioning.
Based on the results of this investigation, previous and
future studies that investigate the autonomic actions
of halothane should be critically evaluated in terms of
the presence and type of baseline anesthetic used. Fu-
ture directions for further delineating the role of an-
esthetics in the central control of cardiovascular mod-
ulation should include single neuronal studies in va-
somotor regions and in vitro studies, such as brain and
spinal cord slices, in which neuronal recordings with-
out confounding afferent input may be obtained.

The authors thank David Schwabe, for technical assistance.
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