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Effects of Anaesthetic Agents on Pressor Response
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Abstract—It has been shown that paradoxical pressor response to a f-adrenoceptor antagonist occurs in
conscious rats pretreated with an a-adrenoceptor antagonist. This study examines the influence of
anaesthetic agents on mean arterial pressure (MAP) response to a B-blocker. Cumulative dose-response
curves of propranolol (non-selective), ICI 118,551 (B;-selective) and atenolol (8;-selective) were constructed
in phentolamine-treated rats anaesthetized with urethane, pentobarbitone or halothane. I.v. injections of all
three B-blockers caused dose-dependent increases in MAP in urethane-anaesthetized rats. In halothane-
anaesthetized rats, propranolol and atenolol did not alter MAP while ICT 118,551 caused a small dose-
dependent increase in MAP. In the presence of pentobarbitone, none of the f-blockers raised MAP. In the
second series of experiments, a single i.v. bolus dose of propranolol was given in phentolamine-treated rats
anaesthetized with pentobarbitone, amobarbitone, ketamine or chloralose. Propranolol did not affect
MAP in rats anaesthetized with pentobarbitone, amobarbitone and chloralose but it partially reversed the
hypotensive effect of phentolamine in ketamine-anaesthetized rats. In the third series, propranolol or
atenolol was i.v. injected in pentobarbitone-anaesthetized rats treated with both phentolamine and
adrenaline. Both propranolo! and atenolol raised MAP. Our results show that anaesthetic agents
differentially affect the MAP response to a ff-blocker.
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Paradoxical pressor responses to f-adrenoceptor antago-
nists have been reported in urethane-anaesthetized rats
(Dasgupta 1968; Himori et al 1984). The pressor response
was exaggerated in the presence of a non-selective a-
adrenoceptor antagonist (Yamamoto & Sekiya 1969; Regoli
1970). The administration of either propranolol (non-
selective), ICI 118,551 (erythro-(+ )-1-(7-methylindan-4-
yloxy)-3-isopropylaminobutan-2-ol) (8,-selective) or ateno-
lot (B1-selective) into conscious rats, however, did not affect
blood pressure (Tabrizchi et al 1988). After pretreatment of
conscious rats with phentolamine, the injection of low doses
of either propranolol, atenolol or ICI 118,551 caused similar
dose-dependent increases in arterial pressure (Tabrizchi et al
1988). This suggests that pressor response to a f-adrenocep-
tor antagonist is not a result of the blockade of vasodilator
Ba-adrenoceptors. That a-adrenoceptor blockade is essential
for the pressor response to propranolol was again demon-
strated in another study whereby hypotension caused by the
nitrosovasodilator nitroprusside or the cholinergic agonist
methacholine did not precipitate a pressor response to
propranolol (Tabrizchi & Pang 1989). This suggests that the
pressor response appears to be the result of a specific
interaction between an o- and a f-adrenoceptor antagonist.

Paradoxical pressor responses to f-blockers have been
shown to occur in patients previously given an a-adrenocep-
tor antagonist (Prichard & Ross 1966; Cleophas & Kauw
1988). Many studies have used anaesthetized animals to
examine the mechanisms responsible for pressor response to
B-blockers. We found that the f-blocker-induced pressor
response is much affected by anaesthetic agents; it is present
in conscious rats (Tabrizchi et al 1988; Tabrizchi & Pang
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1989) and urethane-anaesthetized rats (Regoli 1970; Abdel-
rahman & Pang 1990) but is absent in pentobarbitone-
anaesthetized rats (unpublished data). Since anaesthetic
agents have variable and profound influences on the direc-
tion and magnitude of response to a f-blocker, it is the aim of
this study to compare the effects of common i.v. and
inhalation anaesthetic agents on pressor response to a -
blocker.

Materials and Methods

Surgical preparation

Male Sprague-Dawley rats, 300-400 g, were anaesthetized
with one of the following i.v. or inhalation anaesthetic
agents: urethane (1 gkg~',i.p.), pentobarbitone (65 mg kg ',
i.p.), amobarbitone (100 mg kg™, i.p.), ketamine (125 mg
kg~!,i.p.), chloralose (90 mgkg~',i.p.) and halothane (4% in
air for induction and 1-5% in air for maintenance). The body
temperature of each rat was maintained at 37°C with a
heating pad connected to a thermostat (Yellow Spring
Instruments, model 73A). The doses of pentobarbitone,
amobarbitone, urethane and halothane were those which
inhibited either eyelid, corneal or limb reflexes to painful
stimuli. In most cases, some, but not all, of the reflexes tested
were still present. The femoral artery and both femoral veins
of the anaesthetized rats were cannulated for the measure-
ment of mean arterial pressure (MAP) and injection of drugs,
respectively.

Experimental protocol

Effects of urethane, pentobarbitone and halothane on dose-
response curves to propranolol, atenolol and ICI 118,551. Rats
were divided into nine groups: Groups I, II and III (n=6
each) were anaesthetized with urethane; Groups IV (n=5),V
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(n=6) and VI (n=6) were anaesthetized with pentobarbi-
tone; Groups VII (n=38), VIII (n=6) and IX (n=6) were
anaesthetized with halothane. All rats were continuously
infused with phentolamine (10~ ¢ mol kg~! min—!). After 10
min of infusion, a dose-response curve to i.v. bolus injections
of a B-adrenoceptor antagonist was constructed in each
group of rats: propranolol (3 x 10-°-3-84 x 10~ "mol kg~ ") in
Groups I, IV and VIL; ICI 118,551 (2 x 10-°-1-28 x 10~ " mol
kg-") in Groups II, V and VIIL; atenolol (3x10~°-
3.84x 1077 mol kg=') in Groups III, VI and IX. MAP
readings were noted at 1 min after the injection of each dose
of a p-blocker.

Effects of pentobarbitone, amobarbitone, ketamine and chlor-
alose on i.v. bolus of propranolol. Rats were divided into four
groups (n=5-6 each): Group X, XI, XII and XIII were
anaesthetized with pentobarbitone, amobarbitone, ketamine
and chloralose, respectively. All rats were continuously
infused with phentolamine (10~ mol kg~! min~—'). Ten min
after the start of phentolamine infusion, propranolol
(3x 107" mol kg~") was i.v. injected into each rat. MAP was
noted 10 min after phentolamine infusion and 1 min after the
injection of propranolol.

Effect of adrenaline on i.v. bolus propranolol and atenolol in
pentobarbitone-anaesthetized rats. Two groups of pentobar-
bitone-anaesthetized rats (n=6 each) were used. Groups
X1V and XV were given continuous i.v. infusion of adrena-
line (1-6 x 10~% mol kg~' min~') followed 10 min later by
continuous i.v. infusion of phentolamine (10~¢ mol kg~!
min—!). After another 10 min, propranolol (3 x 10~7 mol
kg=!) and atenolol (3 x 10-7 mol kg~!) were i.v. injected into
Group XIV and XV, respectively. MAP was noted 10 min
after adrenaline and phentolamine infusions and 1 min after
the injection of a B-blocker.

Statistical analysis

All results were analysed by analysis of variance (ANOVA)
followed by Duncan’s multiple range test to compare group
means. In all cases, P <0-05 was selected as the criterion for
statistical significance.

Drugs
Drugs used included: halothane (Ayerst Lab., Montreal,
Canada), a-chloralose (BDH Chemical Ltd, Poole, UK),
(+)-propranolol HCl, atenolol, urethane ethyl carbamate,
adrenaline and ketamine HCI (all from Sigma Chemical Co.,
MO, USA), sodium pentobarbitone (M.T.C. Pharmaceuti-
 cals, Ontario, Canada), phentolamine hydrochloride (CIBA
Geigy, NJ, USA), ICI 118,551 (ICI, Macclesfield, UK) and
amobarbitone (Eli Lilly & Co., Ontario, Canada).
(£)-Propranolol HCl, phentolamine and atenolol were
dﬁssolved in 0-9% NaCl solution (saline). ICI 118,151 was
dissolved in distilled water followed by dilution with saline.

Results

Effects of urethane, pentobarbital and halothane on dose-
'Besponse curves to a f-adrenoceptor antagonist
aseline MAP (pooled value) in rats anaesthetized with

Table 1. Mean arterial pressure (mean +s.e.) before and 10 min after
the infusion of phentolamine (10~® mol kg~' min—!) in rats
anaesthetized with urethane (Groups I-III), pentobarbitone
(Groups IV-VI) or halothane (Groups VII-IX).

Mean arterial pressure (mm Hg)

Control Phentolamine

Urethane

Group 1 92+7 56+ 6*

Group 11 84+2 48 +6°

Group 111 9247 47422

Pooled 89+3 S1+3
Pentobarbital

Group IV 105+3 66 + 6*

Group V 103+7 77+ 42

Group VI 100+ 3 8042

Pooled 102+2° 75438
Halothane

Group VII 98+ 1 69+ 3¢

Group VIII 84+1 47+2¢

Group IX 8343 61 +28

Pooled 89+2 63 +2¢

n=>5-8 per group. “Significantly different from control values
(P < 0-05). ®Significantly different from pooled values in rats anaes-
thetized with urethane or halothane (P <0-05).

pentobarbitone is significantly higher than MAP in rats
anaesthetized with urethane or halothane (Table 1). Phento-
lamine reduced MAP in rats in Groups I to IX (Table 1). An
i.v. bolus dose of propranolol, ICI 118,551 or atenolol dose-
dependently increased MAP in rats anaesthetized with
urethane but not pentobarbitone (Fig. la, b, ¢). In rats
anaesthetized with halothane, ICI 118,551, but not propra-
nolol or atenolol, caused a small dose-dependent increase in
MAP. Maximal increase in MAP with ICI 118,551 under the
influence of halothane (Group VIII) was approximately 25%
of that under the influence of urethane (Group II) even when
baseline MAP values before and after the infusion of
phentolamine were similar in the two groups (Table 1).

Effects of pentobarbitone, amobarbitone, ketamine and chlor-
alose on i.v. bolus of propranolol

In Groups X, XI and XIII rats anaesthetized with pentobar-
bitone, amobarbitone or chloralose, phentolamine reduced
MAP while propranolol did not produce any significant
effect on MAP (Fig. 2). In Group XII rats anaesthetized with
ketamine, the control MAP was higher than those under the
influence of other anaesthetic agents. In these rats, phentola-
mine caused a greater reduction of MAP than in rats
anaesthetized with pentobarbitone, amobarbitone or chlora-
lose. The injection of propranolol partially restored MAP to
a level which was lower than baseline MAP (Fig. 2).

Effect of adrenaline on i.v. bolus propranolol and atenolol in
pentobarbitone-anaesthetized rats

In Groups X1V and XV, the infusion of adrenaline caused a
small increase in MAP which was significant in Group XV
but not in XIV. The infusion of phentolamine reduced MAP
in both groups. I.v. bolus of propranolol and atenolol
partially restored MAP to levels lower than MAP after the
infusion of adrenaline (Fig. 3).
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FiG. 1. Dose-response curves for the effects of propranolol, atenolo!
and ICI 118,551 on mean arterial pressure (MAP) in 9 groups of
urethane, pentobarbitone and halothane anaesthetized rats pre-
treated with phentolamine. Each point represents the mean +s.e.
(n=5-8 per group). 4, Urethane; @, pentobarbitone; A, halothane.

Discussion

Pressor response to f-blockers in the presence of a-blockade
has been observed in conscious (Tabrizchi et al 1988;
Tabrizchi & Pang 1989) and urethane-anaesthetized rats
(Abdelrahman & Pang 1990). In the present study, we
examined the effects of i.v. and inhalation anaesthetic agents
on the pressor response to f-blockers. In urethane-anaesthe-
tized rats pretreated with phentolamine, i.v. bolus of propra-
nolol, atenolol or ICI 118,551 each produced a dose-
dependent increase in MAP which restored MAP to control
levels before the administration of phentolamine. We have
previously reported that the pressor response to propranolol
in urethane-anaesthetized rats pretreated with phentolamine
was primarily due to a reversal of the vasodilator effect of
phentolamine (Abdelrahman & Pang 1990). It is unlikely
that fr-induced vasodilation was the mechanism responsible
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F1G. 2. Mean arterial pressure (MAP) in groups of rats anaesthetized
with pentobarbitone, amobarbitone, ketamine or chloralose (n = 5-
6 in each group) during control conditions (open bars), 10 min after
the start of a continuous infusion of phentolamine (hatched bars)
and | min after the injection of propranolol during the infusion of
phentolamine (cross-hatched bars). “Significantly different from
control (P < 0-05); Ysignificantly different from phentolamine infu-
sion (P < 0-05).
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F1G. 3. Mean arterial pressure (MAP) in groups of rats anaesthetized
with pentobarbitone (n = 6 in each group), during control conditions
(open bars), 10 min after the start of adrenaline infusion (hatched
bars), 10 min after the start of phentolamine infusion in the presence
of adrenaline (cross-hatched bars) and [ min after the injection of
propranolol or atenolo! during the infusions of adrenaline and
phentolamine (solid bars). “Significantly different from control
(P <0-05); bsignificantly different from adrenaline (P < 0-05); “signi-
ficantly different from phentolamine (P < 0-05).

for pressor response to a fi-blocker since it has been shown
that the injections of very small doses of either the selective
pi-antagonist, atenolol, or the selective fr-antagonist, ICI
118,551, into conscious rats caused pressor responses of
similar magnitudes (Tabrizchi et al 1988).

In halothane-anaesthetized rats, phentolamine also
reduced MAP. However, the subsequent injection of propra-
nolol or atenolol did not produce a pressor response. On the
other hand, ICI 118,551 caused a small dose-dependent
increase in MAP. The maximum rise in MAP was 25% of
that in conscious rats (Tabrizchi et al 1988; Tabrizchi & Pang
1989) and urethane-anaesthetized rats in the present study. It
has been shown that phentolamine decreases MAP in
halothane-anaesthetized rats by reducing cardiac output but
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not total peripheral resistance (Tabrizchi & Pang 1987). It is
therefore conceivable that the lack of pressor response with
propranolol and atenolol in phentolamine-treated rats is
related to the possible further reduction of cardiac output via
the blockade of Bj-adrenoceptors. Halothane has been
reported to attenuate the pressor response to phenylephrine
and azepexole (Kenny et al 1990). Halothane also reduced
the amplitude of oscillations produced by noradrenaline in
the rabbit isolated meseneric vein and this was attributed to
the inhibition of calcium release from the sarcoplasmic
reticulum (Marijic et al 1990). This anaesthetic agent also
reduced 5-hydroxytryptamine- and acetylcholine-induced
contractility in endothelium-free porcine coronary artery
and this was thought to be due to the inhibitory effect of
halothane on agonist-induced inositol phosphate formation
(Ozhan et al 1990). Su & Zhang (1989) showed that
halothane decreased tension development in intact aortic
rings due to combined effects of a depression of Ca’*-
induced activation of the contractile proteins and a decrease
of sarcoplasmic reticulum Ca?* accumulation leading to
reduced Ca?* release for muscle contraction. Therefore, it is
possible that non-specific inhibition of Ca’* -release could be
responsible for the inhibition of pressor response to f-
blockers.

In pentobarbitone-anaesthetized rats, all f-blockers failed
to produce a pressor response. Pentobarbitone has been
shown to decrease plasma catecholamine levels in rats
(Farnebo et al 1979) and dogs (Zimpfer et al 1982; Baum et al
1985). Holmes & Schneider (1973) reported that pentobarbi-
tone reduced acetylcholine-induced catecholamine release in
isolated chromaffin bovine vesicles. The mechanism may
involve the interruption of a link between receptor activation
and catecholamine release. In order to examine whether or
not catecholamines affect the pressor response to proprano-
lol, adrenaline was infused into two additional groups of
rats. The infusion of phentolamine in rats pretreated with
adrenaline caused markedly greater reductions in MAP. The
subsequent injections of both propranolol and atenolol
partially restored MAP. Since propranolol and atenolol
caused similar pressor responses, it is unlikely that the partial
reversal was only a consequence of the blockade of vasodila-
tory f,-adrenoceptors. These results are not in accordance
with results which show that the pressor response to a f-
blocker was mainly due to the blockade of vasodilating S.-
adrenoceptors (Himori & Ishimori 1988; Himori et al 1984).
These results are in agreement with those of Tabrizchi &
Pang (1990) which show that adrenaline is required in the
antagonism by p-blockers of phentolamine-induced hypo-
tension. Further experiments were carried out to examine if
other barbiturate anaesthetic agents similarly suppress the
pressor response to propranolol. The results show that
propranolol also failed to produce a pressor response in rats
anaesthetized with amobarbitone.

Under the influence of ketamine, propranolol partially
reversed the hypotensive effect of phentolamine. Ketamine is
known to stimulate the cardiovascular system by its central
Sympathomimetic actions and the inhibition of intraneuro-
nal and extraneuronal catecholamine uptake (Riou et al
1989). This may explain why control MAP was higher in rats
anaesthetized with ketamine than in those with the other
anaesthetic agents. It has been shown in in-vivo studies that,

in the absence of autonomic control, ketamine directly
depresses the myocardium (Schwartz & Horwitz 1975).
Additionally, ketamine has been shown to exert an intrinsic
depressant effect on the ventricle contractile apparatus
(Cook et al 1990). It is therefore possible that following a-
and f-adrenoceptor blockade, the direct myocardial depres-
sant effect of ketamine partially abolished the pressor
response to propranolol. In in-vitro studies, ketamine, in
doses relevant to those used in surgical induction, inhibited
the development of spontaneous mechanical activity and
lowered baseline tension of rat aortae and portal veins. In
addition, ketamine attenuated noradrenaline-, KCl-, angio-
tensin II- and vasopressin-induced contractions of rat aortic
strips (Altura et al 1980). The relaxant effect of ketamine is
probably due to a decrease of Ca?*-influx through the
plasma membrane or an interference with the process of
signal transduction between receptor occupation on the
plasma membrane and Ca?* -release from intracellular stores
(Kanmura et al 1989). Therefore, it is also possible that
ketamine attenuated the pressor response to ff-blockers by its
direct relaxant effect.

In chloralose-anaesthesia, pressor response to a ff-blocker
was completely abolished. Chloralose had a profound
negative inotropic effect on the dog heart-lung preparation
(Bass & Buckley 1966). Charney et al (1970) showed that
chloralose anaesthesia in dogs was associated with a tran-
sient increase in cardiac output which was abolished by a-
and B-blockade. The intrinsic depressant effect of chloralose,
like that of ketamine, may have been normally masked by the
sympathomimetic effects of the anaesthetic. However, fol-
lowing «- and fB-adrenoceptor blockade, the myocardial
depressant effect of chloralose may have been unmasked
resulting in the abolition of pressor response to a f-
adrenoceptor antagonist.

In summary, our results show that anaesthetic agents have
varying effects on the MAP response to a f-blocker in
phentolamine-treated rats. This variability ranges from a
marked pressor response resulting in the reversal of the
hypotensive effect of phentolamine in conscious rats and rats
anaesthetized with urethane, to attenuated pressor response
with halothane and ketamine and, complete abolition of
pressor response with halothane, pentobarbitone, amobarbi-
tone and chloralose. Due to the possibility of a large
variability in response to a vasoactive drug under the
influence of anaesthetic agents, great caution must be taken
when interpreting results obtained from anaesthetized ani-
mals.
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