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Tizanidine exerts anti-nociceptive effects in spared
nerve injury model of neuropathic pain through
inhibition of TLR4/NF-kB pathway
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Abstract. Recently, a2-adrenoceptors (02-AR) agonists have
been shown to have anti-nociceptive effects and thus may
become a promising therapeutic strategy for neuropathic pain.
tizanidine is a highly selective a2-AR agonist, but the effect
mechanism of tizanidine in neuropathic pain remains largely
unknown. The present study investigated whether tizanidine
has anti-nociceptive effects in spared nerve injury (SNI) model
of neuropathic pain in rats, as well as explored the under-
lying molecular mechanism. We found that the rats in SNI
group showed significantly higher mechanical and thermal
hyperalgesia, accompanied with increased production of proin-
flammatory cytokines including interleukin-1§ (IL-1p), IL-6
and tumor necrosis factor-o. (TNF-), as well as the activation
of Toll-like receptor 4 (TLR4)/nuclear factor-xB (NF-«xB)
signaling. PDTC, an inhibitor of TLR4/NF-kB signaling,
could significantly attenuate the SNI-induced mechanical and
thermal hyperalgesia and the production of proinflammatory
cytokines. Moreover, treatment with tizanidine also attenu-
ated the SNI-induced mechanical and thermal hyperalgesia,
suppressed production of the proinflammatory cytokines,
and inhibited the activation of TLR4/NF-kB pathway, which
could be reversed by pretreatment with BRL44408, a selec-
tive a2-AR antagonist. Taken these findings together, we
demonstrated that tizanidine has anti-nociceptive effects on
neuropathic pain via inhibiting the production of proinflam-
matory cytokines through suppressing the activation of
TLR4/NF-kB p65 signaling pathway.
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Introduction

Peripheral neuropathic pain is produced by multiple etiological
factors, and spared nerve injury (SNI) is an important model for
exploring the cellular and molecular mechanism in peripheral
neuropathic pain (1,2). It has been demonstrated that the agonists
of a2-adrenoceptors (02-AR) have anti-nociceptive effects (3,4).
Tizanidine, a derivative of clonidine, is a highly selective agonist
of a2-AR, and has the same effects of clonidine, but the side
effects such as low arterial blood pressure and bradycardia are
lower (5,6). The primary site of tizanidine effect is the spinal
cord (7). Through stimulating the 20 presynaptic receptors, tiza-
nidine could prevent the release of aspartic and glutamic acids (8).
As other a2-AR agonists, tizanidine has also been demonstrated
to exhibit analgesic effects (9). For instance, tizanidine could
reduce postoperative pain and the need for tranquilizers through
inhibition of central sensitization (10). However, whether tizani-
dine exerts anti-nociceptive effects in spared nerve injury model
of neuropathic pain has not been previously reported.

Toll-like receptor 4 (TLR4),belongs to TLR family,and is an
important transmembrane protein acting as a signal transduc-
tion molecule in inflammatory responses (11,12). Stimulation
of TLR4 can further activate the nuclear factor-«B (NF-«xB)
signaling (13,14). NF-kB, a key transcriptional factor, is
universally expressed in various cells, responsible for regu-
lating the transcription of inflammatory cytokines, including
tumor necrosis factor-a (TNF-a), interleukin-1f (IL-1p),
and IL-6, and thus acts as a key regulator of inflammatory
responses (15,16). Under normal conditions, inhibitory NF-xB
inhibitors (IxBs) bind NF-«kB in the cytoplasm (17-19). The
activation of NF-kB begins with the phosphorylation of IkBa,
which further causes IkBa ubiquitinated and degraded even-
tually (17-19). Once IkBa is degraded, NF-«kB translocates
to nucleus and promotes the transcription of its target genes,
such as IL-1f, IL-6 and TNF-a (17-19). However, the effects of
tizanidine on the TLR4/NF-kB-mediated inflammation have
not bee previously reported.

This study investigated whether intrathecal administration
of tizanidine exhibits anti-nociceptive effects in SNI model of
rats, and we also studied the underlying molecular mechanism,
involving the activity of TLR4/NF-«B signaling pathway and
the production of inflammatory cytokines.
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Materials and methods

Animals. This study was approved by Animal Care and Use
Committee of People's Hospital of Hunan Province (Changsha,
China). Animal experiments were consistent with the National
Institutes of Health Guide for the Care and Use of Laboratory
Animals. Adult male Sprague Dawley rats (200-250 g) were
purchased from Animal Center of Central South University
(Changsha, China) and housed in light-controlled (12 h
dark/12 h light cycle) and temperature-controlled (22+2°C)
room with free access to clear water and food.

Surgical procedure of SNI model. Under enflurane (3.0 v%)
anesthesia, an incision was made in the skin on the lateral
surface of the thigh of rats. The biceps femoris muscle was
then cut across, exposing the sciatic nerve, as well as the sural,
common peroneal and tibial nerves. The common peroneal and
tibial nerves were tightly ligated with 5.0 silk and sectioned
distal to the ligation, removing 2-4 mm of the distal nerve
stump. Muscle and skin were enclosed in two layers, avoiding
any contact with or stretching of the intact sural nerve.

Behavioral assessments were conducted at the following
time-points: postoperative week 0 (POWO) (designated as the
pretest baseline data), POW1, POW2 and POW3. All rats were
sacrificed periodically at POW3. The L4-5 segments of spinal
cord were dissected and split into left and right halves from
the ventral midline, which were then cut into the dorsal and
ventral horn at the level of the central canal. The dorsal horn
of rats was used to conduct the following analysis.

Grouping. The rats were randomly divided into 7 groups (n=6 for
each group): sham group, SNI group, saline group (intrathecal
injection with 20 pl of sterile saline for 3 consecutive days post-
SNI), PDTC group (intrathecal injection with 2 nmol/20 ul of
PDTC for 3 consecutive days post-SNI), tizanidine group (intra-
thecal injection with 2.5 ug/20 ul of tizanidine for 3 consecutive
days post-SNI), saline + tizanidine group (pretreatment with
20 pl of sterile saline at 30 min before intrathecal injection with
2.5 ug/20 pl of tizanidine for 3 consecutive days post-SNI), and
BRL44408 + tizanidine group (pretreatment with 15 pg/20 pul
of BRL44408 at 30 min before intrathecal injection with
2.5 ug/20 pl of tizanidine for 3 consecutive days post-SNI).

Drug administration. Tizanidine (2.5 ug/20 ul), PDTC
(2 nmol/20 ul) and BRL44408 (15 ug/20 ul; Sigma, St. Louis,
MO, USA) were diluted in normal saline (NS, 0.9% NaCl) and
loaded into 12.7 mm 30 gauge needle. Under inhalation anaes-
thesia using isoflurane (2% in oxygen), the rats were injected
with drug at the L5-6 interspace.

Mechanical allodynia test. Mechanical allodynia was
assessed by measuring the paw withdrawal mechanical
threshold (PWMT) in response to a calibrated series of Von
Frey hairs (Stoelting, Wood Dale, IL, USA). Each filament
was applied five times, and each application lasted for 2 sec
with 30 sec interval between trials. A positive response to a
filament was indicated by the withdrawal of a hind paw upon
application of a particular hair for at least 3/5 consecutive
applications. The PWMT was defined as the smallest value of
the hair force in grams that elicited positive responses.
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Thermal hyperalgesia test. Thermal hyperalgesia was studied
by measuring the paw withdrawal thermal latency (PWTL)
in response to a radiant heat source. Rats in each group were
put on an elevated glass platform, and a radiant heat source
(Model 336; IITC Life Science, Woodland Hill, CA, USA) was
applied to the plantar surface of the hind paw through the glass
plate. We measured the time from onset of radiant heat appli-
cation to withdrawal of the rat's hind paw, and both hind paws
were tested independently with 10 min interval between trials.

Western blot analysis. The dorsal horns were lysed with ice-
cold lysis buffer. Proteins in the supernatants were quantified
by using a BCA kit (Thermo Fisher Scientific, Rockford,
IL, USA) and separated with 12% sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (SDS-PAGE). Proteins
were transferred onto a polyvinylidene difluoride membrane
(Thermo Fisher Scientific), which was then incubated with
phosphate-buffered saline (PBS) containing 5% milk over-
night at 4°C. The membrane was incubated with primary
antibodies at room temperature for 3 h, respectively, and then
with secondary antibody (both from Abcam, Cambridge, MA,
USA) at room temperature for 40 min. Super Signal West Pico
Chemiluminescent Substrate kit (Thermo Fisher Scientific)
was used to detect signals, according to the manufacturer's
instructions. The relative protein expression was analyzed by
Image-Pro Plus software 6.0, represented as the density ratio
versus glyceraldehyde 3-phosphate dehydrogenase (GAPDH).

Enzyme-linked immunosorbent assay (ELISA). ELISA was
conducted to examine the production of inflammatory cyto-
kines in dorsal horns of rats in each group. Rat IL-1§ ELISA
kit, IL-6 ELISA kit, and TNF-a ELISA kit (all from Biorbyt,
Shanghai, China) were used to measure the levels of IL-1§,
IL-6 and TNF-a, according to the manufacturer's instructions.
The optical density at 450 nm was detected by using Synergy™
Mx microplate absorbance reader (BioTek, Winooski, VT,
USA).

Statistical analysis. Data were expressed as mean + standard
deviation from three separate experiments. SPSS 19 was used
to perform statistical analysis. Student's t-test was conducted
when comparing two groups, and one-way ANOVA was
conducted when comparing more than two groups. P<0.05
were considered statistically significant.

Results

SNI induces mechanical and thermal hyperalgesia and
inflammatory responses in rats. In the study, we first
conducted mechanical allodynia test and thermal hyperalgesia
test to determine the PWMT and PWTL in SNI group, and the
sham group was used as control. As shown in Fig. 1, PWMT
and PWTL showed no difference at different time-points in
the sham group. However, the PWMT and PWTL were mark-
edly reduced in SNI group, which lasted for 3 weeks after
surgery, indicating that rats in SNI group showed significant
mechanical and thermal hyperalgesia.

To further explore the underlying mechanism, we examined
the protein expression and secretion levels of proinflammatory
cytokines in the dorsal horns using western blot analysis and
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Figure 1. The spared nerve injury (SNI) rat model was constructed, and rats that received sham surgery were used as controls. Behavioral assessments were
conducted at the following time-points: postoperative week 0 (POWO0), POW1, POW2 and POW3. (A) The paw withdrawal mechanical threshold (PWMT) and
(B) paw withdrawal thermal latency (PWTL) were examined. “P<0.01 vs. sham.
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Figure 2. The spared nerve injury (SNI) rat model was constructed, and rats that received sham surgery were used as controls. (A-C) The protein levels of
interleukin-1f (IL-1f), IL-6 and tumor necrosis factor-a (TNF-a) in the dorsal horns of rats were examined using western blotting. (D-F) The secretion levels
of IL-1f, IL-6 and TNF-a in the dorsal horns of rats were examined using enzyme-linked immunosorbent assay (ELISA). “P<0.01 vs. sham.

ELISA, respectively. As shown in Fig. 2A-C, the protein levels
of IL-1p, IL-6 and TNF-a were significantly higher in the
dorsal horns of rats in the SNI group, when compared with
those in the sham group. Consistently, ELISA data showed
that the production of these three proinflammatory cytokines
were also upregulated in the dorsal horns of rats the SNI
group (Fig. 2D-F).

As TLR4/NF-«B signaling is a key regulator for inflamma-
tory responses (16), we further examined the protein expression
of TLR4 as well as the activity of NF-xB. Western blot analysis
showed that the protein levels of TLR4 were significantly
upregulated in the SNI group compared with the sham
group (Fig. 3A). In addition, the phosphorylation levels of IxBa

and NF-kB p65 proteins were also increased (Fig. 3B and C).
These findings indicate that the TLR4/NF-«xB signaling was
activated in the SNI group. Accordingly, SNI induces mechan-
ical and thermal hyperalgesia and inflammatory responses in
rats, probably through activation of TLR4/NF-kB signaling.

Inhibition of TLR4/NF-xB signaling attenuates SNI-induced
mechanical and thermal hyperalgesia and proinflamma-
tory cytokine production in rats. To further clarify whether
TLR4/NF-kB signaling is essential for the SNI-induced
mechanical and thermal hyperalgesia, PDTC, an inhibitor
of TLR4/NF-kB signaling, was intrathecally injected into
rats for 3 consecutive days after SNI. Intrathecal injection
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Figure 3. The spared nerve injury (SNI) rat model was constructed, and rats that received sham surgery were used as controls. (A-C) The protein levels of
Toll-like receptor 4 (TLR4), phosphorylated IkxBa, total IxBa, phosphorylated nuclear factor-kB (NF-«xB) p65 and total NF-kB p65 in the dorsal horns of rats

were examined using western blotting. “P<0.01 vs. sham.

with the same amount of sterile saline was used as control.
The mechanical allodynia test and thermal hyperalgesia test
were performed at different time-points to determine the
PWMT and PWTL. As shown in Fig. 4A and B, the PWMT
and PWTL were significantly increased in the SNI + PDTC
group compared with the SNI + saline group, indicating that
treatment with PDTC attenuates SNI-induced mechanical and
thermal hyperalgesia.

To further confirm these findings, we examined the
activity of TLR4/NF-kB signaling. As shown in Fig. 4C-E, the
protein levels of TLR4 as well as the phosphorylation levels
of IxBa and NF-«kB p65 proteins were remarkably reduced in
the SNI + PDTC group compared with the SNI + saline group,
indicating that the treatment with PDTC indeed inhibits the
activation of TLR4/NF-«B signaling in SNI model of rats.

In addition, we found that the protein expression and
secretion of IL-1p, IL-6 and TNF-a were also down-
regulated after PDTC treatment, when compared with the
SNI + saline group (Fig. 5). Therefore, our data suggest that
the TLR4/NF-«B signaling is essential for the SNI-induced
mechanical and thermal hyperalgesia.

Treatment with tizanidine inhibits SNI-induced mechanical
and thermal hyperalgesia in rats. We studied the effects of
tizanidine on SNI-induced hyperalgesia in rats. tizanidine was
intrathecally injected into rats for 3 consecutive days after SNI.
Intrathecal injection with sterile saline was used as control.

Results of mechanical allodynia test and thermal hyperalgesia
test showed that the PWMT and PWTL were also increased
in the SNT + tizanidine group compared with the SNI + saline
group, indicating that tizanidine could attenuate SNI-induced
mechanical and thermal hyperalgesia (Fig. 6).

Moreover, western blot analysis and ELISA data indicated
that the protein expression and secretion of inflammatory cyto-
kines were also suppressed after tizanidine treatment in SNI
rats (Fig. 7). In addition, the activity of TLR4/NF-«B signaling
was also downregulated in the tizanidine group compared with
the saline group (Fig. 8). Taken together, we demonstrated that
treatment with tizanidine inhibits SNI-induced mechanical
and thermal hyperalgesia in rats through inhibition of
TLR4/NF-kB signaling-mediated inflammatory cytokines
production in spinal cord.

Pretreatment with a2-AR antagonist reverses the inhibitory
effects of tizanidine on SNI-induced mechanical and thermal
hyperalgesia in rats. As tizanidine is a highly selective a2-AR
agonist (5), we then performed experiments to clarify whether
the inhibitory effect of tizanidine on SNI-induced hyperalgesia
was through activation of a2-AR. Pre-intrathecal injection with
BRL44408, an 02-AR antagonist, was performed at 30 min
before injection with tizanidine for 3 consecutive days after
SNI. We then examined the PWMT and PWTL at different
time-points. As shown in Fig. 9, the PWMT and PWTL were
significantly reduced in the BRL44408 + tizanidine group
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Figure 4. PDTC was intrathecally injected into rats for 3 consecutive days after constructing the spared nerve injury (SNI) rat model. Intrathecal injection with
same amount of sterile saline was used as control. Behavioral assessments were conducted at the following time-points: postoperative week 0 (POW0), POW1,
POW?2, and POW3. (A) The paw withdrawal mechanical threshold (PWMT) and (B) paw withdrawal thermal latency (PWTL) were examined. (C-E) The
protein levels of Toll-like receptor 4 (TLR4), phosphorylated IkBa, total IxBa., phosphorylated nuclear factor-kB (NF-kB) p65 and total NF-kB p65 in the
dorsal horns of rats were examined using western blotting. “P<0.01 vs. SNI + saline.

compared with the saline + tizanidine group, indicating that
pretreatment with BRL44408 reverses the inhibitory effects of
tizanidine on SNI-induced mechanical and thermal hyperal-
gesia.

To further confirm these findings, we examined the inflam-
matory responses in the spinal cord. Our data showed that the
protein expression and secretion of IL-1f, IL-6 and TNF-a
were increased in pretreatment with BRL44408 (Fig. 10).
Moreover, the protein levels of TLR4 and the phosphorylation
levels of IkBa and NF-«kB p65 proteins were also upregulated
in the BRL44408 + tizanidine group compared with the
saline + tizanidine group, indicating that the TLR4/NF-xB
signaling was activated when pretreated with BRL44408
in SNI rats (Fig. 11). According to these above findings,
we demonstrated that the inhibitory effect of tizanidine on
SNI-induced mechanical and thermal hyperalgesia is directly
through activation of a2-AR in the spinal cord.

Discussion

The effect mechanism of tizanidine in neuropathic pain remains
largely unknown. Therefore, the present study investigated
the effects of tizanidine on neuropathic pain in spared nerve
injury (SNI) model of rats, as well as the underlying molecular
mechanism. We found that the rats in SNI group showed
significant mechanical and thermal hyperalgesia, accompa-
nied by increased production of proinflammatory cytokines
in spinal dorsal horn, and the activation of TLR4/NF-kB
signaling. The inhibitor of TLR4/NF-«kB signaling PDTC
significantly attenuated the SNI-induced mechanical and
thermal hyperalgesia and the production of proinflammatory
cytokines. Moreover, treatment with tizanidine also attenu-
ated the SNI-induced mechanical and thermal hyperalgesia,
suppressed production of the proinflammatory cytokines, and
inhibited the activation of TLR4/NF-«xB signaling pathway,
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Figure 5. PDTC was intrathecally injected into rats for 3 consecutive days after constructing the spared nerve injury (SNI) rat model. Intrathecal injection with
same amount of sterile saline was used as control. (A-C) The protein levels of interleukin-1p (IL-1f), IL-6 and tumor necrosis factor-a (TNF-a) in the dorsal
horns of rats were examined using western blotting. (D-F) The secretion levels of IL-1f, IL-6 and TNF-a in the dorsal horns of rats were examined using

enzyme-linked immunosorbent assay (ELISA). “P<0.01 vs. SNI + saline.
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Figure 6. Tizanidine was intrathecally injected into rats for 3 consecutive days after constructing the spared nerve injury (SNI) rat model. Intrathecal injection
with same amount of sterile saline was used as control. Behavioral assessments were conducted at the following time-points: postoperative week 0 (POWO0),
POW1, POW2 and POW3. (A) The paw withdrawal mechanical threshold (PWMT) and (B) paw withdrawal thermal latency (PWTL) were examined.

“P<0.01 vs. SNI + saline.

which could be reversed by pretreatment with BRL44408, a
selective a2-AR antagonist.

Neuropathic pain induces allodynia and hyperal-
gesia (20,21). SNI is a common model applied for investigating
the molecular mechanism underlying peripheral neuropathic
pain (22). Previous studies have shown that SNI rats exhibited
mechanical and thermal hyperalgesia (23-25), consistent with
our findings. Moreover, inflammatory responses have been
suggested to participate in the SNI-induced peripheral neuro-
pathic pain (22). Kobiela Ketz et al reported that SNI could
cause region-specific activation of macrophages and microglia,

and a pro-inflammatory microglial marker was expressed in
the spinal cord of SNI rats (22). Recently, Ding et al found
that IL-6 was important for the maintenance of SNI-induced
neuropathic pain (26). They demonstrated that IL-6 and IL-6R
in the red nucleus did not show obvious change at 1 week and
2 weeks after SNI, but was significantly upregulated at 3 weeks
after injury (26). Moreover, injection of IL-6 antibody into the
red nucleus contralateral to the nerve ligation side at 3 weeks
after injury dose-dependently increased the paw withdrawal
threshold of rats and alleviated SNI-induced mechanical allo-
dynia (26). Gui et al demonstrated that IL-1§ overproduction
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Figure 7. Tizanidine was intrathecally injected into rats for 3 consecutive days after constructing the spared nerve injury (SNI) rat model. Intrathecal injection
with same amount of sterile saline was used as control. (A-C) The protein levels of interleukin-1f (IL-1f), IL-6 and tumor necrosis factor-o. (TNF-a) in the
dorsal horns of rats were examined using western blotting. (D-F) The secretion levels of IL-1f, IL-6 and TNF-a in the dorsal horns of rats were examined
using enzyme-linked immunosorbent assay (ELISA). “P<0.01 vs. SNI + saline.
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Figure 8. Tizanidine was intrathecally injected into rats for 3 consecutive days after constructing the spared nerve injury (SNI) rat model. Intrathecal injection
with the same amount of sterile saline was used as control. (A-C) The protein levels of Toll-like receptor 4 (TLR4), phosphorylated IxkBa, total IxBa., phos-
phorylated nuclear factor-xB (NF-xB) p65 and total NF-xB p65 in the dorsal horns of rats were examined using western blotting. “"P<0.01 vs. SNI + saline.
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Figure 9. Pre-intrathecal injection with BRL44408 was performed at 30 min before injection with tizanidine for 3 consecutive days after spared nerve
injury (SNI). Intrathecal injection with same amount of sterile saline was used as control. Behavioral assessments were conducted at the following time-
points: postoperative week 0 (POWO0), POW1, POW2, and POW3. (A) The paw withdrawal mechanical threshold (PWMT) and (B) paw withdrawal thermal

latency (PWTL) were examined. “P<0.01 vs. saline + tizanidine.
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Figure 10. Pre-intrathecal injection with BRL44408 was performed at 30 min before injection with tizanidine for 3 consecutive days after spared nerve
injury (SNI). Intrathecal injection with same amount of sterile saline was used as control. (A-C) The protein levels of interleukin-1f (IL-1f), IL-6 and tumor
necrosis factor-o (TNF-a) in the dorsal horns of rats were examined using western blotting. (D-F) The secretion levels of IL-1f3, IL-6 and TNF-a in the dorsal
horns of rats were examined using enzyme-linked immunosorbent assay (ELISA). “P<0.01 vs. saline + tizanidine.

was a common cause for neuropathic pain following peripheral
nerve injury in rodents (27). Besides, TNF-a has been impli-
cated in the development of neuropathic allodynia (28). In this
study, we also found that the expression and secretion levels
of IL-1p, IL-6 and TNF-a were significantly increased in the
spine cord of SNI rats at 3 weeks after injury. As TLR4/NF-xB
signaling pathway has been demonstrated to plays a pivotal

role in inflammatory responses through the regulation of the
expression of proinflammatory cytokines, chemokines and
adhesion molecules (14), we further studied its activity. Our
data showed that the TLR4/NF-«B signaling was significantly
activated in the spine cord of rats at 3 weeks after SNI.
Through using the NF-«B inhibitor, we further confirmed that
the TLR4/NF-«B signaling is involved in the SNI-induced
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Figure 11. Pre-intrathecal injection with BRL44408 was performed at 30 min before injection with tizanidine for 3 consecutive days after spared nerve
injury (SNI). Intrathecal injection with same amount of sterile saline was used as control. (A-C) The protein levels of Toll-like receptor 4 (TLR4), phosphory-
lated IxBa, total IxBa, phosphorylated nuclear factor-xB (NF-kB) p65 and total NF-kB p65 in the dorsal horns of rats were examined using western blotting.

“P<0.01 vs. saline + tizanidine.

mechanical and thermal hyperalgesia and inflammatory
responses in spine cord of rats.

It has been reported that the main site where a2-AR
agonists function is the spinal cord (29,30). Tizanidine, a
highly selective a2-AR agonist, is widely used to treat the
spasms, cramping, and tightness of muscles caused by multiple
sclerosis, spastic diplegia, back pain, or some other injuries
to the spine or the central nervous system (31,32). Previous
studies have shown that tizanidine exerts analgesic potential
in neuropathic pain (33,34). However, the underlying effect
mechanism of tizanidine in neuropathic pain remains largely
unknown. In the present study, we for the first time used SNI
rat model to investigate the anti-nociceptive effect of tizani-
dine on SNI-induced neuropathic pain. Our data indicated
that intrathecal administration of tizanidine for 3 consecutive
days after injury significantly attenuated the SNI-induced
mechanical and thermal hyperalgesia. The following mecha-
nism investigation showed that tizanidine could inhibit the
SNI-induced production of proinflammatory cytokines as well
as the activation of TLR4/NF-«B signaling pathway in the spine

cord. As the TLR4/NF-«kB signaling pathway participates in
regulating the expression of these proinflammatory cytokines,
which are important for the maintenance of SNI-induced
neuropathic pain (14,26-28), we suggest that inhibition of
TLR4/NF-«B signaling activation is a potential mechanism
through which tizanidine exerts the anti-nociceptive effects
in SNI rats. Furthermore, as we found that pretreatment with
a2-AR antagonist significantly reversed the inhibitory effects
of tizanidine on the SNI-induced mechanical and thermal
hyperalgesia, overproduction of proinflammatory cytokines,
and activation of TLR4/NF-kB signaling, we suggest that the
inhibitory effect of tizanidine on SNI-induced neuropathic
pain is directly through activation of a2-AR in spinal cord.

In conclusion, to our knowledge, this study for the first
time demonstrates that tizanidine could attenuate the mechan-
ical and thermal hyperalgesia in SNI model of rats through
inhibiting the activation of TLR4/NF-kB p65 pathway, and
thus decreasing the production of inflammatory cytokines
including TNF-a, IL-1p and IL-6. These findings highlight the
anti-nociceptive effects of tizanidine neuropathic pain.
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