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Acetazolamide attenuates chemical-stimulated but
not thermal-stimulated acute pain in mice

Ya-jie SUNS, Ying CHEN, Chong PANG, Ning WU™, Jin LI*

Department of New Drug Evaluation, Beijing Institute of Pharmacology and Toxicology, Beijing 100850, China

Aim: Acetazolamide (AZA), a carbonic anhydrase (CA) inhibitor, has been found to alleviate inflammatory and neuropathic pain in rats.
In the present study, we investigated the effects of AZA on thermal- and chemical-stimulated acute pain in mice and the possible

mechanisms underlying the effects.

Methods: Five acute pain models based on thermal and chemical stimuli were established to investigate the effects of AZA on different
types of nociception in mice. The antinociceptive effects of methazolamide (another CA inhibitor) and diazepam (a positive allosteric
modulator of GABA, receptor) were also examined. The drugs were administered either intraperitoneally (ip) or intrathecally.

Results: AZA (50-200 mg/kg, ip) did not produce analgesia in two thermal-stimulated acute pain models, ie, mouse tail-flick and hot-
plate tests. In contrast, AZA (50-200 mg/kg, ip) dose-dependently reduced paw licking time in both capsaicin and formalin tests in
mice. A similar result was observed in a mouse acetic acid-induced writhing test. However, AZA (10 nmol/mouse, intrathecally) did not
produce significant analgesia in the 3 chemical-stimulated acute pain models. In addition, methazolamide (50-200 mg/kg, ip) and
diazepam (0.25-1.0 mg/kg, ip) did not produce significant analgesia in either thermal- or chemical-stimulated acute pain.

Conclusion: AZA produces analgesia in chemical-stimulated, but not thermal-stimulated acute pain in mice. The attenuation of
chemical-stimulated acute pain by AZA may not be due to enhancement of GABA, receptor-mediated inhibition via inhibiting CA activity

but rather a peripheral ion channel-related mechanism.
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Introduction

Pain is defined as an unpleasant sensory and emotional expe-
rience associated with actual or potential tissue damage or
described in terms of such damage!. This condition is clas-
sified as acute pain or chronic pain. Acute pain serves as a
warning of disease or a threat to the body, including physical
(thermal and mechanical stimuli) and chemical (capsaicin, for-
malin and acetic acid stimuli)-induced pain. Chronic pain is a
type of disease and is often classified as chronic inflammatory
pain or neuropathic pain.

Acetazolamide (AZA), a sulfonamide derivative, has vari-
ous pharmacological activities. It is well known that AZA is
a carbonic anhydrase (CA) inhibitor that has been shown to
be effective in the treatment of glaucoma through the inhibi-

$ Now at Beijing Institute of Microbiology and Epidemiology, Beijing
100071, China.
*To whom correspondence should be addressed.
E-mail jinli9802@163.com (Jin LI);
wuning7671@126.com (Ning WU)
Received 2013-05-05 Accepted 2013-09-18

tion of HCO;™ production™. AZA is a diuretic agent that can

increase renal potassium excretion! and alkalinize urine and
it is a potent vasodilator of the cerebral vasculature as well”.
Most recently, increasing interest has been focused on AZA as
a prophylactic and therapeutic agent for acute mountain sick-
ness!®l.

AZA has also been reported to relieve inflammation- and
peripheral nerve injury-induced chronic pain. Injection with
3% carrageenan suspension into the left gastrocnemius muscle
belly induced typical inflammatory pain in rats, resulting
in thermal hyperalgesia and mechanical allodynia. How-
ever, 24 h after carrageenan injection in rats, intraperitoneal
(ip) or intrathecal administration of AZA attenuated the
inflammation-induced thermal hyperalgesia”. In a rat spinal
nerve ligation (SNL) model, a typical neuropathic pain model,
intrathecal administration of AZA not only reduced mechani-
cal allodynia but also produced synergistic analgesia along
with midazolam®. In inflammatory and neuropathic pain, a
depolarizing efflux of HCO; via GABA, instead of the nor-
mally occurring influx of CI” can reduce the efficacy of GABA,
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receptor-mediated hyperpolarizing inhibition. AZA decreases
the production of HCO;™ by inhibiting CA, which further
enhances the efficacy of GABA, receptor-mediated inhibition,
eventually alleviating inflammatory and neuropathic pain”*.
Thermal and chemical stimuli are the two main pathways
that induce acute pain and have different neurobiological
mechanisms. First, thermal-stimulated pain is transmitted
by Ad and C fibers, whereas chemical-stimulated pain is only
transmitted by C fibers'”. Second, the role of ion channels and
receptors in thermal-stimulated acute pain is not completely

10 However,

the same as in chemical-stimulated acute pain
whether AZA produces analgesia in acute pain remains
unknown.

In the current study, using five models of acute pain based
on thermal or chemical stimuli, we tried to answer the fol-
lowing questions: (1) does AZA have an analgesic effect on
the two types of acute pain induced by thermal and chemical
stimuli? and (2) does AZA attenuate acute pain by enhanc-
ing the efficacy of GABA, receptor-mediated inhibition via a
similar mechanism as that of AZA’s attenuation of inflamma-
tory and neuropathic pain? To better understand the possible
mechanism, the effects of methazolamide (MZA), another CA
inhibitor, and diazepam, a positive allosteric modulator that
activates GABA, receptors!'), were investigated in acute pain
and compared with the effects of AZA.

Materials and methods

Animals and drugs

Male and female KunMing mice weighing 18-22 g were
obtained from Beijing Animal Center and housed at a tem-
perature of 21+1°C under a 12 h light/12 h dark cycle (lights
on at 7:00 AM, lights off at 7:00 PM) and with food and water
ad libitum. All animal experiments were conducted following
the related regulations of the Institutional Review Committee
for the Use of Animals.

AZA (Sigma, St Louis, MO, USA) and MZA (Sigma, St
Louis, MO, USA) were separately dissolved in 1 mol/L NaOH,
and the pH was adjusted to 7.4 with 1 mol/L HCl. The solu-
tions were then diluted with isotonic (0.9% NaCl) saline to
achieve 50, 100, and 200 mg/kg solutions for ip administration
and a 10 nmol solution for intrathecal administration. Isotonic
(0.9% NaCl) saline solution was used as a control.

Diazepam was administered intraperitoneally at 0.25, 0.5, or

1 mg/kg.

Tail-flick test

Male mice were used in this test. The method is an adapta-
tion of that described by Delporte et al™”. Lower and higher
light intensities of 8 and 12, respectively, were used. A cut-off
time of 16 s was chosen to avoid tissue damage. The tail-flick
test was performed four times (at 30, 60, 90 and 120 min) post-
drug administration. AZA (50, 100, or 200 mg/kg, ip), MZA
(50, 100, or 200 mg/kg, ip), diazepam (0.25, 0.5, or 1 mg/kg,
ip) or saline (10 mL/kg, ip) was administered. The results
were expressed as the possible maximum analgesia percentage
(PMAP) (%), which was calculated according to the formula
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[(T1-Ty)/ (T»-T,)]%100, where T, is the baseline latency, T; is the
latency obtained after drug administration, and T, is the cut-
off time.

Hot-plate test

Female mice were used in this test. The procedure followed
the protocol described by Jones et al™. Two different hot-
plate temperatures, 52°C and 55°C, were used. A cut-off time
of 60 s was chosen to avoid tissue damage. The hot-plate test
was performed four times (at 30, 60, 90, and 120 min) post-
drug administration. AZA (50, 100, or 200 mg/kg, ip), MZA
(50, 100, or 200 mg/kg, ip), diazepam (0.25, 0.5, or 1 mg/kg,
ip) or saline (10 mL/kg, ip) was administered. The results
were expressed as PMAPs.

Capsaicin test

Male mice were used in this test. The method followed the
procedure of Snatol et al™, with certain modifications. The
mice were given saline (10 mL/kg, ip), AZA (50, 100, or 200
mg/kg, ip), MZA (50, 100, or 200 mg/kg, ip) or diazepam
(0.25, 0.5, or 1 mg/kg, ip) 30 min before the right hind paw
was injected with 10 pL capsaicin (3 pg/paw) prepared in 10%
Tween-80 and 10% ethanol. Nociception was evaluated imme-
diately after injection of capsaicin and quantified based on
paw-licking time during a 5-min period. In addition, AZA (10
nmol/mouse, 5 pL) was administered by the intrathecal route.
The method of intrathecal injection followed the procedure
of Hylden et al"™. In brief, the mice were administered AZA
by intrathecal injection with a 50-pL microsyringe between
lumbar segments 5 and 6, with the sudden appearance of
sideways movements by the mice’s tails as a sign of success.
Ten minutes after AZA intrathecal administration, the mice
received a capsaicin injection.

Formalin test

Male mice were used in this test. The formalin test was con-
ducted as previously described by Couto et al™. The male
mice were given saline (10 mL/kg, ip), AZA (50, 100, or 200
mg/kg, ip), MZA (50, 100, or 200 mg/kg, ip) or diazepam
(0.25, 0.5, or 1 mg/kg, ip) 30 min before the right hind paw
was injected with 20 pL 2% formalin solution. Nociception
was evaluated immediately after the injection of formalin and
quantified based on the total paw licking time in the early
phase (phase 1: 0-5 min) and the late phase (phase 2: 15-30
min). In addition, AZA (10 nmol/mouse, 5 nL) was adminis-
tered by the intrathecal route. Ten minutes after AZA intra-
thecal administration, the mice received a formalin injection.

Acetic acid-induced writhing test

Male mice were used in this test. This procedure was
described by Chiba et al™. The male mice were given saline
(10 mL/kg, ip), AZA (50, 100, or 200 mg/kg, ip), MZA (50,
100, or 200 mg/kg, ip) or diazepam (0.25, 0.5, or 1 mg/kg, ip)
30 min before the injection of acetic acid (0.6%, 20 mL/kg, ip).
The number of writhing movements was counted for 15 min
beginning 5 min after the injection of acetic acid. In addition,



AZA (10 nmol/mouse, 5 pL) was administered by the intra-
thecal route. Ten minutes after AZA intrathecal administra-
tion, the mice received a acetic acid injection.

Locomotor activity test

Before the analgesic properties of the drugs were tested, their
effects on locomotor activities were evaluated. Mice were
placed in individual locomotor activity cages without drug
treatment for 30 min, and the locomotor activities of each
mouse were recorded. The mice were grouped according to
their basal locomotor activities. The mice were then injected
with saline (10 mL/kg, ip) or AZA (200 or 400 mg/kg, ip),
MZA (200 or 400 mg/kg, ip) or diazepam (1 or 2 mg/kg, ip)
30 min before they were placed in individual locomotor activ-
ity cages and assessed for 1 h. For intrathecal administration
of AZA (10 and 30 nmol/mouse), locomotor activities were
recorded beginning at 10 min after the intrathecal injection.

Statistical analysis

The data were expressed as the mean+SEM and analyzed with
SPSS software (version 18.0). The data from the capsaicin,
formalin and acetic acid-induced writhing tests (drugs with
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ip administration) and locomotor activity test were analyzed
by one-way ANOVA, followed by Dunnett’s t-test. The data
from the tail-flick and hot-plate tests were analyzed by two-
way ANOVA with repeated measurement, followed by
Tukey’s test. The data from the intrathecal administration of
AZA were analyzed using a Student’s t-test. P<0.05 was con-
sidered statistically significant.

Results

AZA failed to produce analgesia in thermal-stimulated acute
pain but attenuated chemical-stimulated acute pain

In the tail-flick test, AZA (50, 100, or 200 mg/kg, ip) failed
to increase the latency of tail flicking from 0 to 120 min after
treatment under lower and higher intensities, and the PMAPs
were less than 10% (lower intensity, treatment: F; ;,=0.3546,
P>0.05; time: F; 3,=3.142, P<0.05; treatment X time: F; 3=0.1674,
P>0.05; higher intensity, treatment: F; 35=0.7601, P>0.05; time:
F; 35=4.142, P<0.05; treatment X time: F; 35=1.157, P>0.05)
(Figure 1A). The same result was obtained in the hot-plate
test at 52°C and 55 °C hot-plate temperatures (52 °C hot-plate,
treatment: F; 3,=0.3689, P>0.05; time: F; 3,=3.000, P<0.05; treat-
ment X time: F; ;,=0.3344, P>0.05; 55°C hot-plate, treatment:
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Figure 1. AZA had no analgesia in thermal-stimulated acute pain, but attenuated chemical-stimulated acute pain. (A) mouse tail-flick test (n=9-10), (B)
mouse hot-plate test (n=9-10). The basal responses of mice to thermal stimuli were tested before drug administration. (C) mouse capsaicin test (n=10),
(D) mouse formalin test (n=8-10), (E) mouse acetic acid-induced writhing test (n=10). (A) and (B), no statistical significant difference was obtained. (C),

(D), and (E), °P<0.01 vs control.
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F; 3,=1.811, P>0.05; time: F; 3,=5.421, P<0.05; treatment X time:
F;,3,=0.6671, P>0.05) (Figure 1B). These results suggested that
AZA produced no analgesia in thermal-stimulated acute pain.
In the capsaicin test, compared with vehicle treatment, admin-
istration of AZA at a dose of 50, 100, or 200 mg/kg signifi-
cantly reduced paw licking time (F; 3,=13.849, P<0.001) (Figure
1C). In the formalin test, similar to what was observed in the
capsaicin test, AZA (50, 100, or 200 mg/kg, ip) dose-depend-
ently reduced paw-licking time in both the first and the sec-
ond phases (first phase: F; 3,=13.305, P<0.001; second phase:
F;,3,=21.327, P<0.001) (Figure 1D). In the acetic acid-induced
writhing test, compared with vehicle treatment, AZA (50, 100,
or 200 mg/kg, ip) decreased the number of writhing move-
ments in a dose-dependent manner (F; 3=20.750, P<0.001)
(Figure 1E). In addition, AZA at a dose of 200 mg/kg (ip) did
not decrease locomotor activities (Figure 2), suggesting that
the analgesic effect of AZA is not caused by its sedative effect.
All of these results suggested that AZA has the potential to
relieve chemical-stimulated acute pain, including cutaneous
pain and visceral pain.
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Figure 2. Effects of AZA, MZA, and diazepam on locomotor activities.
n=10/group. °P<0.05, °P<0.01 vs control.

To determine the possibility of a peripheral or spinal mecha-
nism, intrathecal administration of AZA was conducted.
Compared with vehicle treatment, AZA (10 nmol/mouse,
intrathecal injection) did not significantly reduce nociceptive
responses in the capsaicin, formalin and acetic acid-induced
writhing tests (Figure 3), whereas positive-control morphine
(10 nmol/mouse, intrathecal injection) significantly reduced
paw licking time in both the first and the second phases (data

not shown). These results suggested that AZA attenuates
chemical-induced acute pain by a peripheral but not spinal
mechanism.

MZA failed to attenuate thermal- and chemical-stimulated acute
pain

The effects of MZA, another CA inhibitor, were compared
with AZA’s effects. In contrast to AZA either inhibiting CA
or affecting other ion channels, MZA merely inhibits CA and
has no action on other ion channels. In the tail-flick test, MZA
(50, 100, or 200 mg/kg, ip) did not increase the latency of
tail flicking (treatment: F; ;,=0.1875, P>0.05; time: F; 3=3.093,
P<0.05; treatment X time: F; 3=0.4715, P>0.05) (Figure 4A).
The same result was observed in the hot-plate test (treatment:
F; 3,=0.3807, P>0.05; time: F; 3,=3.027, P<0.05; treatment X
time: F; 5=0.2328, P>0.05) (Figure 4B). Moreover, MZA (50,
100, or 200 mg/kg, ip) had no significant analgesic effects in
the capsaicin, formalin and acetic acid-induced writhing tests
(capsaicin test, F; 3,=0.098, P>0.05; formalin test, first phase:
F; 3=2.956, P>0.05, second phase: F; 3=1.335, P>0.05; acetic
acid-induced writhing test, F; 3,=0.159, P>0.05) (Figure 4C-4E),
which was not consistent with AZA’s effects on chemical-stim-
ulated acute pain. In addition, MZA at a dose of 200 mg/kg
(ip) did not decrease locomotor activities (Figure 2). These
results showed that MZA failed to produce analgesia in acute
pain, suggesting that inhibition of CA might not play a role in
AZA-related efficacy in the relief of chemical-stimulated acute
pain.

Diazepam failed to attenuate thermal- and chemical-stimulated
acute pain

In the tail-flick test, diazepam (0.25, 0.5, or 1 mg/kg, ip) did
not increase the latency of tail flicking (lower intensity, treat-
ment: F; 3,=0.1294, P>0.05; time: F; 3,=3.710, P<0.05; treat-
ment X time: F; 3,=0.1106, P>0.05; higher intensity, treatment:
F; 3=1.526, P>0.05; time: F; 3,=5.292, P<0.05; treatment X
time: F; 3=0.6898, P>0.05) (Figure 5A). The same result was
observed in the hot-plate test (52 °C hot-plate, treatment:
F; 3,=0.1783, P>0.05; time: F; 3,=7.213, P<0.05; treatment X time:
F; 5,=0.5133, P>0.05; 55°C hot-plate, treatment: F; ;,=1.126,
P>0.05; time: F; 3,=3.267, P<0.05; treatment X time: F; 3=1.479,
P>0.05) (Figure 5B). Compared with vehicle treatment, diaz-
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Figure 3. AZA had no analgesia in chemical-stimulated acute pain by intrathecal injection. (A) mouse capsaicin test. (B) mouse formalin test. (C) mou-
se acetic acid-induced writhing test. n=10/group. No statistical significant difference was obtained.
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Figure 4. MZA did not produce analgesia in both thermal- and chemical-stimulated acute pain. (A) mouse tail-flick test, (B) mouse hot-plate test. The
basal responses of mice to thermal stimuli were tested before drug administration. (C) mouse capsaicin test, (D) mouse formalin test, (E) mouse acetic
acid-induced writhing test. n=10/group. No statistical significant difference was obtained.
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Figure 5. Diazepam did not produce analgesia in thermal- and chemical-stimulated acute pain. (A) mouse tail-flick test, (B) mouse hot-plate test. The
basal responses of mice to thermal stimuli were tested before drug administration. (C) mouse capsaicin test, (D) mouse formalin test, (E) mouse acetic
acid-induced writhing test. n=10/group. No statistical significant difference was obtained.
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epam (0.25, 0.5, or 1 mg/kg, ip) did not significantly reduce
paw licking time in the capsaicin test (F; ;=1.717, P>0.05) (Fig-
ure 5C) or in the formalin test (first phase: F; 3,=1.799, P>0.05;
second phase: F; ;,=1.639, P>0.05) (Figure 5D). In the acetic
acid-induced writhing test, compared with vehicle treatment,
diazepam (0.25, 0.5, or 1 mg/kg, ip) also did not significantly
decrease the number of writhing movements (F; 3=1.532,
P>0.05) (Figure 5E). However, morphine (5 mg/kg, sc), which
served as a positive control in our experiment, produced sig-
nificant analgesia in all five of these models (data not shown).
In addition, diazepam at a dose of 1.0 mg/kg (ip) did not
decrease locomotor activities (Figure 2). These results showed
that diazepam failed to mimic AZA-produced analgesia in
acute pain. Enhancement of GABA, receptor-mediated inhi-
bition might not play a role in AZA’s efficacy in the relief of
chemical-stimulated acute pain.

Discussion
In this study, we report that AZA attenuated chemical-
induced, but not thermal-induced, acute pain in mice. The
attenuation of chemical-stimulated acute pain by AZA may
not be due to enhancement of GABA 4 receptor-mediated inhi-
bition via inhibiting CA activity but might be due to a periph-
eral ion channel-related mechanism.

AZA is a potent inhibitor of CA™ ™ and exerts antinocicep-
tive effects on inflammatory and neuropathic pain by enhanc-
ing the efficacy of GABA, receptor-mediated inhibition by

-8 We were interested

reducing the production of HCO,
in investigating whether AZA can also attenuate chemical-
induced acute pain by enhancing GABA, receptor-mediated
inhibition via inhibiting CA. However, our result showed
that MZA, another CA inhibitor, did not attenuate thermal- or
chemical-induced acute pain in our study. In contrast to AZA
either inhibiting CA or affecting other ion channels, MZA
merely inhibits CA and has no action on other ion channels.
These results indicated that AZA’s attenuation of chemical-
stimulated acute pain might not be due to enhancement of
GABA , receptor-mediated inhibition via inhibiting CA. Simi-
lar to MZA, diazepam, a positive allosteric modulator of the
GABA, receptor, cannot attenuate thermal- and chemical-
stimulated acute pain at a dose of 0.25, 0.5, or 1 mg/kg with-
out reducing locomotor activities. Given that a reduction in
locomotor activities after drug treatment may lead to a false-
positive result in evaluating the analgesic effect, we selected
the proper doses of diazepam, AZA and MZA that did not
affect locomotor activities. In fact, a previous study reported
that diazepam achieved analgesia in inflammatory and neuro-
pathic pain models at a dose not producing sedation™. Thus,
we thought that the lower dose that we utilized might not be
the main cause of the lack of an analgesic effect for diazepam.
Although diazepam can activate GABA, receptors as a posi-
tive allosteric modulator, this drug did not mimic AZA’s anal-
gesic effects in our study. In addition, Hansen et al observed
that diazepam (1-5 mg/kg, ip) attenuated a capsaicin-induced
nociceptive response in the secondary phase (6-30 min) but
not in the first phase (0-5 min)®, which was consistent with
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our observation that diazepam did not relieve capsaicin-
induced licking behavior at 0-5 min. Indeed, capsaicin could
induce primary pain and secondary hypersensitivity, and the
GABA, receptor might mediate the secondary hypersensitiv-
ity. In a formalin test, Kaneko et al observed that the GABA,
receptor agonists isoguvacine and muscimol attenuated
formalin-induced pain behaviors in rats”, but we did not
observe that diazepam produced the same analgesia in mice.
The contradiction might be due to the differences in animal
species (rat vs mouse) and GABA, receptor agonists (isoguva-
cine or muscimol vs diazepam). Therefore, the mechanisms
of AZA’s attenuation of chemical-stimulated acute pain are
different from that of AZA’s attenuation of inflammatory and
neuropathic pain. Our results indicated that AZA’s relief
of chemical-stimulated acute pain does not seem to be due
to enhancement of GABA, receptor-mediated inhibition via
inhibiting CA activity.

In addition to acting as a CA inhibitor, AZA is a non-selec-
tive inhibitor of aquaporin 4 (AQP4)[23’25]. The ICs)of AZA’s
inhibition of human AQP4-M23-mediated water transport is
0.9 pmol/L, and the reported maximum inhibition of AQP4-
M23 by AZA is 85%). AQP4 is mainly expressed in glial
cells, which are activated in chronic pain but not in acute pain.
Our unpublished data show that AQP4 deficiency failed to
affect the responses of mice to the acute pain induced by ther-
mal (tail-flick and hot-plate tests), chemical (formalin and cap-
saicin tests) and mechanical (von Frey hair test) stimuli. Taken
together, the results indicate that the inhibition of AQP4 by
AZA does not mediate the relief of chemical-stimulated acute
pain by AZA.

Additionally, AZA has effects on certain ion channels, such
as voltage-gated calcium channels and potassium channels.
Voltage-gated calcium channels play a key role in neurotrans-
mitter release from peripheral nociceptor terminals to gener-

ate pain'”.

The a;; subunit of the voltage-dependent calcium
channel (R-type channel) was originally identified as a neuron-
specific subunit. It was reported that in tail-flick and hot-plate
tests, there were no obvious differences between wild-type
and ay; knockout mice, whereas in a formalin test, nocicep-
tive behavior was significantly attenuated in the a;z knockout
mice®. Tt has also been reported that AZA can block ayg

calcium channels"”.

In the periphery, the opening of calcium-
activated potassium channels is antinociceptive in chemical-
stimulated acute pain”!, and AZA can activate these calcium-
activated potassium channels®!. Thus, AZA's relief of chemi-
cal-stimulated acute pain might be due to the drug’s action on
certain other ion channels. However, whether peripheral or
spinal ion channels mediate AZA’s analgesia is still unclear.
We observed that intrathecal administration of AZA (10
nmol/mouse) failed to produce a significant analgesic effect in
the capsaicin, formalin and acetic acid-induced writhing tests.
Therefore, AZA’s analgesic effects on chemical-stimulated
acute pain might be due to the drug’s action on certain periph-
eral ion channels, rather than on spinal ion channels.

In this study, we did not observe significant analgesia pro-
duced by AZA in thermal-stimulated acute pain. The possible



explanations are that the ion channels and receptors involved
in thermal- and chemical-stimulated acute pain are not com-
pletely the same. For example, 5-HT, receptors, except for
the 5-HT;, subtype, are involved in the spinally mediated
antinociception induced by thermal noxious stimuli®’. The
presumptions mentioned above might be the reason that AZA
failed to produce analgesia in thermal-stimulated acute pain.
Further studies are needed to explain the differences between
AZA’s effects in thermal-stimulated and chemical-stimulated
acute pain. Although there was no significant difference in the
main effect of the treatment, suggesting that AZA has no anal-
gesic effect on thermal-stimulated acute pain, the P values for
time were all less than 0.05 in the tail-flick and hot-plate tests.
The same results were found in the tail-flick and hot-plate
tests using MZA and diazepam. The possible reason might be
that fluctuations occurred in the data at each time point.

In conclusion, AZA exhibits analgesic effects on chemical-
stimulated, but not thermal-stimulated, acute pain. The
mechanism of AZA’s attenuation of chemical-stimulated acute
pain differs from that of AZA’s relief of inflammatory and
neuropathic pain. Herein, we supposed that the mechanism of
AZA’s relief of chemical-stimulated acute pain is the interac-
tion of AZA with peripheral ion channels instead of enhance-
ment of GABA, receptor-mediated inhibition via inhibiting
CA activity. All of the above findings provide a new direction
for examining the analgesic effects of AZA.
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