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Abstract

Purpose Blockade of 5-hydroxytryptamine (5-HT)2A

receptors reportedly mediates or modulates the ability of

isoflurane to produce immobility during noxious stimula-

tion and would thereby influence MAC (the minimum

alveolar concentration required to suppress movement in

response to noxious stimulation in 50% of subjects).

However, no data are yet available regarding the role of

this receptor in the immobilizing action of sevoflurane. In

this study, we examined how prior intraperitoneal admin-

istration of either the 5-HT2A receptor antagonist altanserin

or the 5-HT2C/2B receptor antagonist SB 206553 might

affect sevoflurane MAC in rats.

Methods Three groups of six male Wistar rats weighing

250–350 g each received one of the following drugs dis-

solved in dimethyl sulfoxide intraperitoneally 30 min

before MAC testing: (1) altanserin 10 mg/kg; (2) SB

206553 10 mg/kg; (3) no drug (vehicle control). MAC was

defined as the average of the concentrations that just pre-

vented or just permitted movement in response to clamping

the tail for 1 min.

Results The rank order of MAC values obtained after

intraperitoneal drug pretreatment and sevoflurane exposure

was altanserin \ SB 206553 \ vehicle control.

Conclusion Considering the low levels of 5-HT2B recep-

tors within the CNS, this result suggests that 5-HT2A and the

5-HT2C receptors are present within the neural circuitry

influencing sevoflurane MAC. Blockade of 5-HT2A and/or

5-HT2C receptors may modulate the immobility produced by

sevoflurane during noxious stimulation.
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Introduction

It has previously been demonstrated in in vitro receptor

expression systems that volatile anesthetics can block the

effects of serotonin on serotonin receptors including G

protein-coupled 5-HT2A receptors [1, 2]. Moreover, when

administered intrathecally and intravenously, ketanserin

(given as a 5-HT2A receptor antagonist) has been shown to

decrease isoflurane MAC, the minimum alveolar concen-

tration required to suppress movement in response to a

noxious stimulus in 50% of human subjects [3]. However,

several problems remain to be resolved concerning the

possible role of the 5-HT2A receptor in immobility induced

by volatile anesthetics. First, no data are yet available

concerning the role of this receptor in the immobilizing

action of sevoflurane, a representative volatile anesthetic.

Second, ketanserin, which was used as a 5-HT2A receptor

blocker in the previous study [3], also has affinities for

other relevant receptors, including 5-HT2B and 5-HT2C

receptors [4, 5]. Third, no information is available con-

cerning the possible roles of the other two members of the

5-HT2 receptor family, i.e., 5-HT2B and/or 5-HT2C recep-

tors, in the immobility produced by volatile anesthetics

during noxious stimulation.

An alternative candidate for a specific 5-HT2A receptor

antagonist would be altanserin because of its high affinity

for the 5-HT2A receptor (its Ki value is 0.13 nM) [6].
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Further, a candidate for a selective and potent 5-HT2C/2B

receptor antagonist is SB 206553, which exhibits high

affinities for both the 5-HT2C and the 5-HT2B receptors and

has a 100-fold or greater selectivity over all other receptors

tested [7].

In the present study, to clarify the roles of 5-HT2A,

5-HT2B, and 5-HT2C receptors in immobility produced by

sevoflurane during noxious stimulation, we examined the

effects of intraperitoneally injected altanserin or SB

206553 on sevoflurane MAC in rats.

Methods

With the approval of the Committee on Animal Research

of Teikyo University Chiba Medical Center, we studied 18

male Wistar rats weighing 250–350 g that had been

obtained from Charles River Laboratories (Yokohama

City, Japan). The rats were housed 2 per cage in our animal

care facility for at least 1 week before the study under a

12-h light/dark cycle and had continuous access to standard

rat chow and tap water until the study.

On the day of the study, the laboratory investigation was

launched at 1300. Sevoflurane MAC was determined con-

currently in two rats at a time. Each rat was placed in a gas-

tight clear plastic cylinder capped at each end with a rubber

stopper pierced with holes to allow the passage of oxygen.

The gases entered at the head end of the cylinder and exited

at the tail end. To determine MAC, sevoflurane was intro-

duced into the oxygen that was being delivered at a flow that

allowed a delivery of 1 l/min to each cylinder from a con-

ventional vaporizer, starting with a concentration of 1.5%.

The sevoflurane concentration in the cylinder was monitored

with the aid of an infrared analyzer (Capnomac Ultima;

Datex, Finland). This instrument had been calibrated,

according to the manufacturer’s guidelines, using anesthetic

mixtures of known concentration before the experiment.

Animals were equilibrated with the sevoflurane for

30 min, then a tail clamp was applied for 1 min or until the

animal moved. In every case, the tail was stimulated

proximal to any previous test site. Only the middle third of

the tail was used for tail-clamping. The animal was con-

sidered to have moved if it made a gross purposeful mus-

cular movement, usually of the hindlimb or the head, or

both. To determine sevoflurane MAC, the anesthetic con-

centration was increased (or decreased) in steps of 0.2%

until the positive motor response disappeared (or

appeared), with 30 min for equilibration being allowed

after each change in sevoflurane concentration. This pro-

cedure, which can achieve a steady-state FI/FA ratio of

close to 1.0 [8], was repeated until a concentration was

reached at which the animal did not move during tail-

clamping.

After induction of general anesthesia, three groups of six

rats each received one of the following drugs dissolved in

dimethyl sulfoxide (DMSO) intraperitoneally 30 min

before testing: (1) altanserin (Tocris Cookson, Ellisville,

MO, USA) 10 mg/kg; (2) SB 206553 (Tocris Cookson)

10 mg/kg; or (3) no drug (as vehicle control). The dose of

10 mg/kg was selected for both altanserin and SB 206553

referred to in the previous studies using these drugs in rats

[7, 9–11]. The injections were randomly distributed among

the rats, and the investigators were blinded to the contents

of the injection. Using the so-called up-down method [3,

12], the MAC for a given rat was taken as the average

between the lowest concentration that prevented movement

and the highest concentration that permitted movement in

response to the stimulus. Rectal temperature was main-

tained between 36� and 38�C by external heating or

cooling.

Data were analyzed by means of Bonferroni’s multiple

comparison tests after a one-way analysis of variance. In

all tests, a value of P \ 0.05 was considered statistically

significant.

Results

The rank order of sevoflurane MAC values obtained after

intraperitoneal drug pretreatment and sevoflurane exposure

was altanserin \ SB 206553 \ vehicle control (Fig. 1).

Compared with vehicle control, altanserin and SB 206553

reduced sevoflurane MAC by 36% and 9%, respectively.

Sevoflurane MAC was significantly lower in the al-

tanserin group than in either the SB 206553 or vehicle

control group. Moreover, sevoflurane MAC was signifi-

cantly lower in the SB 206553 group than in the vehicle

control group.

Fig. 1 Sevoflurane minimum alveolar concentration (MAC) in the

three pretreatment groups. Blockade of 5-HT2A receptors or of

5-HT2C receptors decreased sevoflurane MAC in rats. Compared with

vehicle control, altanserin and SB 206553 reduced sevoflurane MAC

by 36% and 9%, respectively. *P \ 0.001 compared with vehicle

control and SB 206553; #P = 0.013 compared with vehicle control
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Discussion

The principal finding in the present study was that prior

intraperitoneal injection of the 5-HT2A receptor antagonist

altanserin decreases sevoflurane MAC in rats. The 5-HT2C/2B

antagonist SB 206553 also reduced sevoflurane MAC,

whereas the reduction was smaller after SB 206553 than after

altanserin.

In the present study, we used altanserin as a specific

5-HT2A receptor antagonist to examine the effect of

5-HT2A receptor blockade on sevoflurane MAC. Zhang and

colleagues had previously demonstrated that ketanserin can

decrease isoflurane MAC [3]. However, in terms of

selectivity for the 5-HT2A receptor over other relevant

receptors (such as 5-HT1A, a1, D1, and D2), altanserin has

been established as a more specific 5-HT2A receptor

antagonist than ketanserin [4–6]. Indeed, altanserin has a

high affinity for the 5-HT2A receptor (Ki = 0.13 nM), and

its binding affinities for the aforementioned relevant

receptors are more than 30 fold lower. Moreover, because

altanserin has greater selectivity for 5-HT2A receptors than

5-HT2C receptors (300 fold) [6] than does ketanserin (20-

to 30 fold) [13], altanserin can be used more reliably than

ketanserin to discriminate the effects of 5-HT2A and

5-HT2C receptors. Thus, overall, altanserin is a better

candidate as a specific antagonist of the 5-HT2A receptor

than ketanserin. Therefore, the reduction in sevoflurane

MAC seen here after use of altanserin suggests that

blockade of 5-HT2A receptors may in part mediate or

modulate the immobility produced by sevoflurane during

noxious stimulation.

In addition to altanserin, we used the 5-HT2C/2B receptor

antagonist SB 206553, which reportedly displays high

affinity for both the 5-HT2C and 5-HT2B receptors, and it

has a 100-fold or greater selectivity for these receptors

compared to all other receptors tested [7]. For the reasons

outlined next, the reduction in sevoflurane MAC observed

here after SB 206553 administration may indicate that

blockade of 5-HT2C, rather than 5-HT2B, receptors medi-

ates or modulates part of the immobility produced by

sevoflurane.

The 5-HT2 receptors (i.e., 5-HT2A, 5-HT2B, and 5-HT2C

receptors) belong to the G protein-coupled metabotropic

receptor family and facilitate the excitability of neurons.

Although 5-HT2A and 5-HT2C receptors each have a

widespread central nervous system (CNS) distribution [14],

5-HT2B receptor expression is restricted to discrete brain

nuclei in the rat [15]. Furthermore, the 5-HT2A and 5-HT2C

receptors are widely distributed in the dorsal horn of the

lumbar spinal cord, especially on deep dorsal horn neurons,

whereas the distribution of 5-HT2B receptors within the

spinal cord is negligible [16]. Concerning their functions,

the 5-HT2A receptor system is reported to be implicated in

pain processing, particularly in the processing of tonic pain

[17], whereas 5-HT2C receptors may be involved in the

serotonergic control of catecholaminergic and cholinergic

areas [14]. However, 5-HT2B receptor activation is known

only to cause contraction in the rat stomach fundus [7].

Therefore, our results, together with the paucity of 5-HT2B

receptors within the rat CNS [14, 15], may argue in favor

of an involvement of the 5-HT2A and/or the 5-HT2C

receptors, rather than the 5-HT2B receptor, in the neural

circuitry influencing sevoflurane MAC.

In the present study, the reduction in sevoflurane MAC

was greater following altanserin than following SB

206553. Considering the actual occupancy at these recep-

tors, it may be difficult to compare the potency of these

receptor antagonists at a single dose. Therefore, we have

some reservations regarding the order of potency of these

two receptor antagonists.

In the present study, we chose intraperitoneal injection

as the route of administration, whereas Zhang and associ-

ates administered ketanserin intrathecally and intrave-

nously [3]. Although intraperitoneal injection may be

slightly less effective because of hepatic first-pass removal

[18], our intraperitoneal administration of altanserin pro-

duced a 36% reduction in sevoflurane MAC, a greater

value than the 20–25% decrease in isoflurane MAC

observed previously after intrathecal injection of ketanserin

[3]. Although these findings may suggest that altanserin has

a more powerful effect on supraspinal sites than on the

spinal cord, further studies are needed to clarify this issue.

The MAC values we obtained after pretreatment with

vehicle control are consistent with those previously deter-

mined in Wistar rats of a similar age [19]. Thus, intra-

peritoneal administration of DMSO apparently did not alter

sevoflurane MAC in rats in the present study. Furthermore,

any effects of changes in body temperature or circadian

rhythm on the MAC can also be excluded. We believe that

the present study is the first to indicate a possible mediation

or modulation by blockade of 5-HT2A and 5-HT2C recep-

tors in the immobility produced by sevoflurane during

noxious stimulation.

In the present study, however, there are still several

issues to be considered before concluding that sevoflurane-

induced immobility results partially from blockade of

5-HT2A and 5-HT2C receptors. First, we have to refer to the

possibility that systemic administration of these receptor

antagonists alone affects general movement, the response

to tail-clamping, and the arousal state in rats without

sevoflurane. Using ketanserin as a 5-HT2A receptor

antagonist [9] and SB 206553 as a 5-HT2C/2B receptor

antagonist [11], their effects on general movement and the

arousal state have been excluded in awake rats. Moreover,

using ketanserin as a 5-HT2A receptor antagonist [20] and

mesulergine as a 5-HT2A/2C receptor antagonist [21], their
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effects on the response to tail-clamping have been excluded

in awake mice. Second, the conclusion of our study may

also be limited by a possible effect of sevoflurane, at its

anesthetic doses, on the serotonin release, serotonin reup-

take in the spinal cord, and/or activities of serotonergic

neurons in the brainstem that send descending projections

to the spinal cord. Such an effect of isoflurane has been

suggested [22], whereas no data are available regarding the

effects of sevoflurane.

In conclusion, pretreatment with altanserin or SB

206553 reduced sevoflurane MAC in rats. This finding,

together with the relative paucity of 5-HT2B receptors

within the CNS, suggests that blockade of 5-HT2A and

5-HT2C receptors may modulate the ability of sevoflurane

to produce immobility during noxious stimulation. Caution

should be exercised in patients receiving either of these

pharmacological interventions because of possible inter-

actions of this type with volatile anesthetics.
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