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Introduction
Gamma-aminobutyric acid (GABA) and opioid peptides

are the major inhibitory transmitters in the central nervous
system, and both transmitter systems are likely to play im-
portant roles in anesthetic mechanisms.  For example, a com-
mon property of a wide spectrum of general anesthetics,
including barbiturates and propofol, is enhancement of the
action of GABAA receptors[1–4].

Increasing evidence have indicated that the spinal cord
is pivotal in the immobility induced by volatile anesthetics
because the anesthetics depress the activity of α-motoneu-
rons in the spinal cord[5,6], in which process spinal GABA
receptors and opioid peptide receptors may be involved[7–10].
However, there has been few study on the effects of
sevoflurane on pain processing in the spinal cord.  Given the

high density of GABA receptors and opioid peptide recep-
tors located in the dorsal horn of the spinal cord, in the
present study we examine whether the suppression of noci-
ceptive effects by sevoflurane is mediated by actions at
GABAA and opioid receptors in the spinal cord.

Materials and methods
Animals and surgical preparation  This study was ap-

proved by animal experimentation committee of Xinhua
hospital.  The experiments were performed on 37 male
Sprague-Dawley rats weighing 215–345 g (provided by the
Animal Center of the Chinese Academy of Sciences).  Ani-
mals were divided into 5 groups according to the different
tests.  Group I (n=6) animals were used to test the effects of
sevoflurane after transection of the spinal cord.  Anesthesia
for surgical preparation was induced by 2.5% sevoflurane in
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95% O2–5% N2 and maintained by 0.8%–1.5% sevoflurane
through a tightly fitting mask.  Group II ( n=11) animals were
used to test the time course of sevoflurane in the spinally
transected rats; Group III (n=9), group IV (n=6) and group V
(n=5) animals were used to test the effect of bicuculline
(GABAA receptor antagonist), phaclofen (GABAB receptor
antagonist) and naloxone (opioid receptor antagonist),
respectively.  Animals in groups II–V were anesthetized with
urethane (1.0 g/kg, ip).  The trachea, left internal jugular vein
and carotid artery were cannulated for artificial ventilation,
drug administration and blood pressure monitoring,
respectively.

Following laminectomy, the spinal cord was transected
at T9–T10 with 2.0% lidocaine surface anesthesia.  The ex-
periments were started at least 2 h after transection.  During
experiments, core body temperature was maintained at 37–
39 ºC by a warm blanket and a heat lamp.  In order to maintain
effective circulation, 0.5–1 mL 5% glucose was injected into
the internal jugular vein every 1–2 h.

Electrophysiological recording Electromyographic mea-
surements were taken in the gastrocnemius muscles.  Two
stainless steel needles were separately inserted into the two
toes of the ipsilateral hindpaw for electrical stimulation.  The
intensity of electrical stimulation (1 ms, 50 V, 3 pulses, 1 Hz)
was sufficient to excite the C-fiber nociceptors.  Two compo-
nents of the electromyographic response, the A- and C-
responses, were evoked by the electrical stimulation.  The C
response was an indication of nociceptive reflex.  An aver-
aged C response was analyzed by a signal processing sys-
tem (SMUP-PC, Fudan University).

Drug administration  In group I, sevoflurane was deliv-
ered at concentrations of 0.8%, 1.0%, 1.5%, 2.0%, and 2.5%.
Electromyographic measurements were taken 25 min after
inhalation of sevoflurane.  In group II, 1.0% sevoflurane was
given, and electromyographic measurements were taken
every 3 min.  In groups III, IV, and V, as a control, bicuculline
(0.1 mg/kg), phaclofen (0.6 mg/kg) or naloxone (0.4 mg/kg)
were first intravenously administered without inhalation of
sevoflurane.  Two hours later, bicuculline, phaclofen, or nalox-
one at the same doses was administered, respectively, 15 min
after inhalation of 1.0% sevoflurane.

Data analysis  The effects of drugs, dose dependence,
and time course were analyzed by using the paired t-test.
Differences between groups were determined to be statisti-
cally significant if P<0.05.  All data are shown as mean±SD.

Results

Consistent with our previous study[11], the strong cur-

rent-induced electromyographic responses from the gastroc-
nemius muscle consisted of two components: first, a primary
myelinated afferent fiber-mediated A response with a latency
of 5–10 ms, and second, the unmyelinated fiber-mediated C
response with latency of  >100 ms.  Given that primary affer-
ent C fibers conduct nociceptive information, this study fo-
cused on the change in C responses.

Effect of sevoflurane on the spinal cord  To examine
whether inhalation of sevoflurane affects the spinal cord
neurons, the spinal cord was transected at the T9–10 segment.
Following inhalation of sevoflurane at concentrations of
1.0%, 1.5%, 2.0%, and 2.5%, C responses were reduced to
36.1%±17.4%, 11.7%±8.6%, 2.2%±5.2% and 0% of control
(P<0.01), respectively (Figure 1).  The inhibition occurred
in a time-dependent manner.  When 1.0% sevoflurane was
inhaled, C responses were 60.0%±18.1%, 50.4%±13.5%,
42.0%±14.5%, 33.2%±13.5%, and 31.5%±13.8% at 1 min,
4 min, 7 min, 10 min, and 13 min after inhalation, respec-
tively, compared with the group without sevoflurane
(Figure 2).  C responses recovered almost completely
within 9 min of ceasing inhalation.

Reversal of sevoflurane-induced inhibition by bicuculline
and naloxone  As shown in Figure 3, bicuculline (0.1 mg/kg,
iv) failed to alter the C response in the absence of sevoflurane.
Following 20 min of inhalation of 1.0% sevoflurane,
bicuculline at the same dose significantly increased the C
responses at the time points of 1 min, 4 min, 7 min, 10 min,
and 13 min (P<0.05).  However, phaclofen (0.6 mg/kg) failed
to alter the C response in the absence or presence of
sevoflurane.

Although the C responses appeared to be slightly

Figure 1.  Inhalation of sevoflurane dose-dependently reduces the C
response in rats with transected spinal cords.  Before inhalation of
sevoflurane, the baseline area of the C response is considered to be
100%.  n=6.  Mean±SD.  cP<0.01 vs baseline.
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enhanced by naloxone alone (0.4 mg/kg, iv) in the absence
of sevoflurane, this effect was not statistically different from
the control (Figure 4).  After the rats inhaled 1% sevoflurane,
naloxone significantly increased their C responses at time
points of 1 min, 4 min, 7 min, 10 min, 13 min, and 16 min (P<
0.05).

Discussion
Several studies have shown that the mechanisms under-

lying the suppression of noxious stimuli-induced motor re-
actions by volatile anesthetics, including sevoflurane, are

likely to be spinal in nature rather than involving superspinal
structures[5,6,12].  Apart from immobility mediated by reduc-
ing the activity of spinal α-motoneurons, studies on the ef-
fects of sevoflurane on nociceptive sensory neurons in the
spinal cord are generally lacking.  The C-fiber-induced re-
sponse recorded in the peripheral nerve or muscle is com-
monly used to characterize spinal processing and is consid-
ered to be an acute pain model[11].  By means of this model,
the present work for the first time shows that inhalation of
sevoflurane produces a dose-dependent reduction of pri-
mary sensory afferent C-fiber-mediated nociceptive re-
sponses in the rat after transection of the spinal cord at T9–10.
This indicates that sevoflurane not only suppresses excita-
tion in α-motor neurons but also inhibits the activity of pain-
sensitive neurons in the dorsal horn of the spinal cord, in the
absence of supraspinal input.

It is well-known that GABA receptors exist in the spinal
cord and, when activated, cause decreased excitability of
the neurons in which they exist[13].  A recent report showed
that the intrathecal administration of GABAA or glycine re-
ceptor antagonists increased the MAC (minimum alveolus
concentration) value of isoflurane by approximately 40% in
rats[14].  Yamauchi et al also observed an approximately 50%
reversal of halothane depression[15].  Similarly, in the present
study, the sevoflurane-induced inhibition of nociceptive C
responses was reversed by the intravenous administration
of 0.1 mg/kg bicuculline, a GABAA receptor antagonist.  This

Figure 2.   Time course of 1.0% sevoflurane-induced depression of C
responses in rats with transected spinal cords.  Before inhalation of
sevoflurane, the baseline area of the C response is considered to be
100%.  ↑ indicates the time point at which inhalation of sevoflurane
was terminated.  n=11.  Mean±SD.  cP<0.01 vs baseline.

Figure 3.  Effects of bicuculline on C responses evoked in spinally
transected rats in the presence or absence of 1.0% sevoflurane.  SS
indicates the steady-state area of the C response before administra-
tion of bicuculline (0.1 mg/kg, iv).  Before SS, the baseline area of the
C response is considered to be 100%.  All rats were given bicuculline
at the steady-state time point.   n=9.   Mean±SD.  bP<0.05, cP<0.01
vs steady-state.

Figure 4.  Effect of naloxone on the C response evoked in spinally
transected rats in the presence or absence of 1.0% sevoflurane.  SS
indicates the steady-state area of the C response before the adminis-
tration of naloxone (0.4 mg/kg, iv).  Before SS, the baseline area of
the C response is considered to be 100%.  All rats were given bicuculline
at the steady-state time point.   n=5.  Mean±SD.  bP<0.05, cP<0.01 vs
steady-state.
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reversal effect by bicuculline seems unlikely to be involved
in a release of a GABA-mediated tonic inhibition, given that
0.1 mg/kg bicuculline in the absence of sevoflurane did not
increase nociceptive C responses significantly.  Previous
studies have revealed that the sevoflurane-induced inhibi-
tion of field potentials evoked from CA1 of the hippocampus
is partially antagonized by phaclofen, a competitive antago-
nist of the GABAB receptor[16].  However, the antinocifensive
effect of halothane was not affected by the intrathecal ad-
ministration of GABAB receptor antagonist CGP 35348[7].
Similarly, our preliminary results show that intravenous ad-
ministration of 0.6 mg/kg phaclofen failed to affect nocicep-
tive C responses (data not shown).  Taken together, these
results suggest that the antinociceptive effect of sevoflurane
might be mainly mediated by GABAA receptors in the spinal
cord rather than GABAB receptors.

Opioid receptors are densely localized presynaptically
and postsynaptically on pain-sensitive neurons in the spi-
nal cord, which play a critical role in spinal antinociception.
It has been reported that intravenous or intrathecal mor-
phine is able to reduce the minimum alveolar concentration
of halothane[8–10].  In the present study, the fact that nalox-
one blocked the sevoflurane-induced inhibition of nocicep-
tive C responses provides further support for the involve-
ment of spinal opioid receptors in antinociception mediated
by sevoflurane.

In conclusion, the volatile anesthetic sevoflurane can
directly depress spinal transmission of nociceptive informa-
tion in the spinal cord, by a mechanism that may involve
GABA receptors and opioid receptors.
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