EXPERIMENTAL AND THERAPEUTIC MEDICINE 22: 1046, 2021

Dexmedetomidine alleviates inflammation in neuropathic
pain by suppressing NLRP3 via Nrf2 activation
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Abstract. The aim of the present study was to investigate
the mechanism by which dexmedetomidine (DEX) allevi-
ates neuropathic pain in a chronic constriction injury (CCI)
model in rats. A CCI rat model was established through
sciatic nerve ligation. CCI rats were treated with DEX, the
nuclear factor erythroid 2-related factor 2 (Nrf2) inhibitor
ML385, the NLR family pyrin domain containing 3 (NLRP3)
antagonist MCC950 and/or the NLRP3 activator nigericin.
The mechanical withdrawal threshold (MWT) was measured
to assess the pain sensitivity of CCI rats. Hematoxylin and
eosin staining and TUNEL staining were used to examine
spinal injury and apoptosis, respectively. ELISA was used to
quantify the levels of inflammatory factors. The expression
levels of Nrf2 and NLRP3 were also examined. The results
indicated that a decrease in MWT and increases in spinal cord
injury, apoptosis and inflammatory factors were detected in
CCI rats compared with control rats. Spinal inflammation
was abrogated in DEX-treated CCI rats. Compared with the
model group, an increase in MWT and decreases in spinal
cord injury, apoptosis and inflammatory factors were detected
in rats treated with MCC950, while the opposite effects were
observed in rats treated with nigericin. The opposite effects
on these indicators were observed in the DEX + ML385 and
MCC950 + ML385 groups compared with the DEX and
MCC950 groups, respectively. MWT was increased, while
spinal cord injury, apoptosis and inflammation decreased in
the nigericin + DEX group compared with the nigericin group.
In summary, the results of the present study indicated that
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DEX reduced neuropathic pain in CCI rats by suppressing
NLRP3 through Nrf2 activation.

Introduction

Neuropathic pain is caused by a lesion or disease of the
somatosensory system (1) and characterized by positive and
negative sensory symptoms, such as the gain and loss of
somatosensory function, which occurs alone or in different
combinations (2). Neuropathic pain results from etiologically
diverse disorders affecting the peripheral or central nervous
system or neurological conditions of unknown etiology, and
it either persists continuously or presents as recurrent painful
episodes (3). Chronic neuropathic pain may complicate neuro-
pathic symptoms and treatment decisions, leading to poor
outcomes and impaired patient quality of life (4). The diagnosis
of neuropathic pain is also complex due to diverse clinical
features that are categorized based on anatomical (such as
peripheral and central) and etiological (such as degenerative,
traumatic, infectious metabolic and toxic) factors (5). Further
research and clinical trials should be implemented to improve
the diagnosis and treatment of neuropathic pain. The present
study aimed to validate the anti-inflammatory and analgesic
effects of dexmedetomidine (DEX) on neuropathic pain in a
rat model of chronic constriction injury (CCI).

DEX is a potent and selective a2-adrenoceptor agonist
with sedative, anxiolytic, sympatholytic and analgesic
effects (6). This drug is used to induce short- and long-term
sedation in patients in intensive care units and can effectively
suppress delirium (7). DEX has been reported to have the
potential to prevent acute pain in adults who undergo abdom-
inal surgery (8). Moreover, a steadily increasing number of
studies have investigated the inhibitory effect of DEX on
neuropathic pain. For example, DEX suppressed neuropathic
pain by inhibiting P2X purinoceptor 7 through ERK regula-
tion in a rat model of CCI (9). DEX can protect the nervous
system via anti-inflammatory, anti-excitotoxic, antiapoptotic,
antioxidative and other mechanisms (10).

NLR family pyrin domain containing 3 (NLRP3), which
belongs to the nucleotide-binding oligomerization domain-like
receptor family of proteins, is a pattern recognition receptor
that contributes to the formation of inflammasomes (11).
Among all inflammasomes, the NLRP3 inflammasome
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has been extensively investigated and verified to serve a
critical role in innate immunity and the pathology of human
diseases (12). NLRP3 promotes inflammation through the
cleavage of the proinflammatory cytokines IL-1p and IL-18
by stimulating caspase-1 (13). Grace et al (14) revealed that
morphine promoted the intensity and duration of neuropathic
pain by activating the NLRP3 inflammasome. DEX has been
indicated to modulate the NLRP3 inflammasome in animal
models of acute lung and kidney injury (15,16). However,
whether NLRP3 is implicated in the DEX-induced reduction
in inflammatory responses and neuropathic pain has not been
yet fully elucidated.

Nuclear factor-erythroid 2-related factor 2 (Nrf2) is
a multifunctional protein that modulates antioxidant and
other cytoprotective genes (such as GPX2 and GCLC) and
is involved in inflammatory processes (17,18). Plumbagin,
a naphthoquinone derived from the plant Plumbago, has
been indicated to alleviate CCI-induced neuropathic pain by
upregulating Nrf2 (19). In addition, the new biphenyl diester
derivative AB-38b has been demonstrated to attenuate diabetic
nephropathy by suppressing NLRP3 via Nrf2 activation (20).
However, the Nrf2 signaling-mediated regulation of NLRP3
in neuropathic pain has rarely been investigated. A previous
study revealed that DEX exerted neuroprotective effects via
the Nrf2 signaling pathway (21). The present study aimed to
investigate whether DEX-induced activation of Nrf2 further
regulated NLRP3 to ameliorate neuropathic pain.

Materials and methods

Animal experiments. Male Sprague-Dawley (SD) rats (n=138;
weight, 200-220 g; age, 2 months) were purchased from
Hunan SJA Laboratory Animal Co., Ltd. The rats were
subjected to a 12/12 h light/dark cycle at room temperature
(23£1°C) and 60-65% humidity and were provided standard
food and water for at least 1 week. All animal experiments
were approved by the Animal Protection and Use Committee
of Hunan Provincial People's Hospital (Changsha, China) and
strictly followed the ‘Guidelines for the Use and Management
of Laboratory Animals’ issued by the National Institutes of
Health and Animal Research: Reporting In Vivo Experiments
Guidelines (22). Adult male and female rats respond differ-
entially to harmful stimuli. Among rodents, females are
more sensitive compared with males to noxious stimuli, and
males generally exhibit stronger stress-induced analgesia (23).
Therefore, male rats were used for the experiments in the
present study.

A total of 138 SD rats were divided into different groups in
arandomized manner (6 rats per group). Rats in control groups
(n=6x2) were left untreated. Rats in sham groups (n=6x3)
underwent surgery, during which no nerve ligation was
performed. Rats in the model group were subjected to sciatic
nerve ligation for induction of CCI after being anesthetized
with pentobarbital sodium (40 mg/kg). The exposed sciatic
nerves were separated and ligated with four 4-0 chromic gut
suture (Ethicon, Inc.).

After the model establishment, the rats in each group
were subjected to the corresponding treatment. The groups
were as follows: Model group (n=6x3; untreated model rats),
DEX+1 group (n=6; intraperitoneally injected with 1 ug/kg

DEX every day for 7 days after the operation; Jiangsu Nhwa
Pharmaceutical Co., Ltd.), DEX+2 (n=6; intraperitoneally
injected with 2 ug/kg DEX for 7 days post-operation), DEX+5
group (n=6; intraperitoneally injected with 5 ug/kg DEX for
7 days post-operation), DEX group (n=6x2; intraperitone-
ally injected with 5 pg/kg DEX for 7 days post-operation),
MCC950 group [n=6x2; intraperitoneally injected with
50 pug/kg MCC950 (NLRP3 antagonist) for 7 days post-oper-
ation; MedChemExpress], nigericin group [n=6x2;
intraperitoneally injected with 1 mg/kg nigericin (NLRP3
activator) for 7 days post-operation; MedChemExpress],
DEX + ML385 group [n=6x2; intraperitoneally injected with
5 ng/kg DEX and 30 mg/kg ML385 (Nrf2 inhibitor) for 7 days
post-operation; Selleck Chemicals], DEX + nigericin group
(n=6x2; intraperitoneally injected with 5 pg/kg DEX and
1 mg/kg nigericin for 7 days post-operation) and MCC950 +
ML385 group (n=6x2; intraperitoneally injected with 30 mg/kg
ML385 and 50 pg/kg MCCO950 for 7 days post-operation). The
rats were deeply anesthetized with an intraperitoneal injection
of 50 mg/kg thiopental sodium and euthanatized via cervical
dislocation. Subsequently, ~1 ml of blood was collected from
each rat and centrifuged at 1,000 x g, 4°C for 10 min. The
blood samples were stored at -20°C. The L4-L6 spinal cords
were collected from the rats and immediately stored in an
ultra-low temperature refrigerator (-80°C). The experimental
timetable is presented in Fig. 1.

Animal behavioral analysis. The rats were subjected to behav-
ioral tests on day O, 1, 3, 7 and 14 post-operatively. These rats
were randomly assigned to the control, sham, model, DEX+1,
DEX+2, DEX+5, DEX, MCC950, nigericin, DEX + ML385,
MCC950 + ML385 and DEX + nigericin groups and were
treated as aforementioned (n=6 per group). The behavioral
tests were conducted between 9:00 and 12:00 a.m. in a quiet
environment. The rats were placed in wire cages for 30 min
before the experiment. The mechanical withdrawal threshold
(MWT) of the rats was measured three times at an interval
of 5 min using an automated dynamic plantar aesthesiometer
(Ugo Basile S.R.L.). The minimum retraction force (G) of the
rats' right hind paw was recorded, and the average value of
the power that induced a reliable retreat was recorded as the
threshold. Quick withdrawal or licking of the paws in response
to stimuli was considered a positive reaction.

Hematoxylin and eosin (H&E) staining. L4-L6 spinal cords
were collected from rats in the control, sham, model, DEX,
MCC950, nigericin, DEX + ML385, MCC950 + ML385 and
DEX + nigericin groups (n=6 per group) 7 days post-operation.
The spinal cords were fixed in 4% paraformaldehyde at 4°C
for 48 h and then dehydrated in 30% sucrose at 4°C overnight.
The spinal cords were embedded in paraffin and cut into 5-ym
sections for H&E staining. At room temperature, the sections
were sequentially immersed in xylene for 5 min, 100% ethanol
for 10 min, 95% ethanol for 5 min and 75% ethanol for 5 min
and finally washed with distilled water. The deparaffinized
sections were stained with hematoxylin at room temperature for
5 min, soaked in deionized water for 5 min, then stained with
eosin for 1 min. Finally, the spinal cord sections were observed
using a light microscope (ABX50; Olympus Corporation). The
scoring criteria of spinal cord injury were as follows: 0=No
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Figure 1. Experimental schedule. A total of 138 rats were included in the present study. A total of 84 rats underwent behavioral tests on day 0, 1, 3,7 and 14 after
the operation, including the DEX+1, DEX+2 and DEX+5 groups, two sham groups, two model groups and one control, DEX, MCC950, nigericin, DEX + ML385,
MCC950 + ML385 and DEX + nigericin groups (n=6 rats per group). A total of 54 rats were sacrificed for spinal cord collection 7 days after the drug admin-
istration, including one control, sham, model, DEX, MCC950, nigericin, DEX + ML385, MCC950 + ML385 and DEX + nigericin groups (n=6 rats per group).

lesion; l=gray matter containing 1-5 eosinophilic neurons;
2=gray matter containing 6-10 eosinophilic neurons; 3=gray
matter containing >10 eosinophilic neurons; 4=infarction of
<1/3 of the gray matter area; S=infarction of 1/3-1/2 of the gray
matter area; and 6=infarction of >1/2 of the gray matter area.

TUNEL staining. L4-L6 spinal cords were collected from
rats in the control, sham, model, DEX, MCC950, nigericin,
DEX+ML385,MCC950 + ML385 and DEX + nigericin groups
(n=6 per group) 7 days post-operation. The tissues were fixed,
dehydrated, paraffin embedded and sliced as aforementioned.
Paraffin sections of the spinal cords were dewaxed with xylene
and hydrated using alcohol gradients (100% ethanol, 10 min;
95%, 5 min; 75%, 5 min; distilled water). Subsequently, the
spinal cord sections were treated with proteinase K at room
temperature for 30 min and immersed in enhanced endog-
enous peroxidase blocking solution (100%; cat. no. PO100B;
Beyotime Institute of Biotechnology) at room temperature for
10 min. The tissues were incubated with TUNEL detection
solution (cat. no. C1091; Beyotime Institute of Biotechnology)
for 60 min at 37°C in the dark. Finally, the spinal cord sections
were washed with PBS three times, mounted with neutral
balsam and observed using a light microscope. A total of three
non-overlapping fields were randomly selected from each
slice. The apoptosis rate (%) was determined as the number of
brown cells/total number of cells x100%.

Reverse transcription-quantitative (RT-q)PCR. Total RNA was
extracted from the L4-L6 spinal cords of rats in the control,
sham, model, DEX and DEX + ML385 groups (n=6 per group)
7 days post-operation using TRIzol® reagent (Invitrogen;
Thermo Fisher Scientific, Inc.) according to the manufac-
turer's instructions. RNA was reverse transcribed into cDNA
using a Universal cDNA Synthesis kit (Promega Corporation)
according to the manufacturer's instructions. Gene expression
was analyzed using a LightCycler 480 (Roche Diagnostics) in
accordance with the instructions of the fluorescence quantita-
tive PCR kit (SYBR Green PCR kit; Takara Bio, Inc.). The

reaction conditions were as follows: 5 min of pre-denaturation
at 95°C, followed by 40 cycles of 10 sec of denaturation at 95°C,
10 sec of annealing at 60°C and 20 sec of extension at 72°C.
Relative quantification was performed using the comparative
2-44C4 method (24), with GAPDH as an internal reference. The
primer sequences used are presented in Table I.

Western blotting. The L4-L6 segments of the spinal cords
were collected from rats in the control, sham, model, DEX,
MCC950, nigericin, DEX + ML385, MCC950 + ML385 and
DEX + nigericin groups (n=6 per group) 7 days post-oper-
ation and mixed with RIPA buffer (Beyotime Institute
of Biotechnology) containing protease and phosphatase
inhibitors. Total protein was extracted from the lysates after
centrifugation at 8,759 x g for 30 min at 4°C, or nucleopro-
teins were extracted using a nuclear protein extraction kit
(cat. no. R0050, Beijing Solarbio Science & Technology Co.,
Ltd.) according to the manufacturer's instructions. Protein
concentration was measured using a BCA kit. The proteins
(100 pg/well) were separated using 8% SDS-PAGE and
transferred onto a PVDF membrane. The membrane was
immersed in 5% non-fat milk at room temperature for 1 h
and then incubated with primary antibodies against GAPDH
(1:10,000; cat. no. ab181602), Nrf2 (1:100; cat. no. ab137550)
and NLRP3 (1:500; cat. no. ab214185) (all Abcam) at 4°C over-
night. After being washed with 0.1% PBS-Tween-20 (TBST)
three times, the membrane was incubated with horseradish
peroxidase-labeled goat anti-rabbit IgG secondary antibody
(1:5,000; cat. no. CW0103; CoWin Biosciences) at room
temperature for 30 min. Finally, the membrane was washed
with TBST four times and subjected to color development
with ECL (Proanti Biotechnology Development Co., Ltd.).
The blots were detected by a chemiluminescence imaging
system (GE Healthcare). The greyscale of blots was analyzed
by Imagel (version 1.46; National Institutes of Health).

ELISA. Whole blood of rats in the control, sham, model, DEX,
MCC950, nigericin, DEX + ML385, MCC950 + ML385 and
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Table I. Primer sequences.

Primer name Sequence, 5'-3'

Nrf2 forward AGGTTGCCCACATTCCCAAA
Nrf2 reverse AGTGACTGAAACGTAGCCGA
GAPDH forward TTCTGGGATACACGGAGCAC
GAPDH reverse TACCAGCACCAGCGTCAAAG

Nrf2, nuclear factor erythroid 2-related factor 2.

DEX + nigericin groups (n=6 per group) was mixed with EDTA
and then centrifuged at 1,000 x g for 10 min at 4°C to collect the
supernatant. The expression levels of TNF-a (cat. no. RTA00),
IL-1B (cat. no. RLB0O), IL-6 (cat. no. R6000B) and IL-10
(cat. no. R1000) were measured using commercial ELISA kits
(R&D Systems, Inc.) in accordance with the manufacturer's
instructions.

Statistical analysis. Statistical analysis was performed using
GraphPadPrism7.0(GraphPadSoftware,Inc.).Histopathological
scores are presented as the median + interquartile range and
were analyzed using Kruskal-Wallis followed by Dunn's post
hoc test. All other data were normally distributed and are
presented as the mean + standard deviation. Unpaired Student's
t-test was used to compare differences between two groups.
One-way ANOVA followed by Tukey's post hoc test was used
for multigroup comparisons. P<0.05 was considered to indicate
a statistically significant difference.

Results

DEX reduces neuropathic pain in CCI rats. CCI rats
were injected with different concentrations of DEX
(1,2 and 5 ug/kg) to determine the optimal dose for subsequent
experiments. MWT was measured to assess the pain sensitivity
of the rats. Compared with the sham group, the model group
exhibited a significant decrease in the MWT (Fig. 2A; P<0.01).
Compared with the model group, the DEX+1 group demon-
strated no significant change in the MWT, while the DEX+2
group and DEX+5 group exhibited significantly increased
MWTs (Fig. 2A; both P<0.05). Among the three groups, the
DEX+5 group demonstrated the highest increase in the MWT.
Therefore, 5 pg/kg DEX was used for subsequent experiments.

CCI rats were injected with 5 ug/kg DEX. As demon-
strated in Fig. 2A, the MWT was decreased in the model group
compared with the control group (P<0.01), but increased in the
DEX group compared with the model group (P<0.05). This
result indicated that the rats in the model group had the highest
pain sensitivity, whereas DEX reduced the pain sensitivity of
CClI rats.

H&E staining demonstrated that spinal injury was increased
in the model group compared with the control group (P<0.001)
but was reduced in the DEX group compared with the model
group (P<0.01; Fig. 2B). The number of TUNEL-positive cells
in the spinal cord was increased in the model group compared
with the control group (P<0.001) but was decreased in the DEX
group compared with the model group (P<0.01) (Fig. 2C).

TNF-a, IL-1p and IL-6 expression levels were increased in the
model group compared with the control group (P<0.01), but
were decreased in the DEX group compared with the model
group (P<0.05) (Fig. 2D). The expression patterns of IL-10 were
the opposite of those of TNF-a, IL-1f3 and IL-6 in the model
and DEX groups (Fig. 2D; P<0.01 vs. the control group and
P<0.05 vs. the model group). RT-qPCR and western blotting
results demonstrated that the expression levels of Nrf2 mRNA
and protein were downregulated in the model group compared
with the control group (Fig. 2E, P<0.001; Fig. 2F, P<0.01), but
were upregulated in the DEX group compared with the model
group (Fig. 2E, P<0.01; Fig. 2F, P<0.05). Moreover, the protein
expression level of NLRP3 was upregulated in the model group
compared with the control group, but was downregulated in
the DEX group compared with the model group (Fig. 2F; both
P<0.01). There was no significant difference between the sham
group and the control group. These results demonstrated that
DEX suppressed inflammation and apoptosis in the spinal
cord to reduce neuropathic pain in CCI rats.

NLRP3 increases neuropathic pain in CCI rats. CCI rats
were injected with the NLRP3 antagonist MCC950 or the
NLRP3 activator nigericin. Western blotting revealed down-
regulation of NLRP3 in the MCC950 group and upregulation
of NLRP3 in the nigericin group compared with the model
group (Fig. 3A; both P<0.01). These results demonstrated the
successful suppression or activation of NLRP3 in CCI rats.
MWT was significantly increased in the MCC950 group
(Fig. 3B; P<0.01), but was significantly decreased in the nige-
ricin group compared with the model group (Fig. 3B; P<0.05).
H&E staining indicated that spinal injury was reduced in
the MCC950 group but was increased in the nigericin group
compared with the model group (Fig. 3C; both P<0.01). The
TUNEL staining results indicated that, compared with the
model group, the apoptosis rate was significantly decreased
in the MCC950 group, but was increased in the nigericin
group (Fig. 3D; both P<0.01). Decreases in the expression
levels of TNF-a, IL-1f and IL-6 and an increase in IL-10 were
observed in the MCC950 group compared with the model
group, while the inverse expression patterns of these cytokines
were detected in the nigericin group (Fig. 3E; P<0.05). These
results suggested that NLRP3 could promote neuropathic pain
in CCI rats.

DEX reduces neuropathic pain by activating Nrf2 in CCI rats.
CCl rats were injected with the Nrf2 inhibitor ML385 together
with DEX. RT-qPCR and western blotting demonstrated that
Nrf2 was downregulated in the DEX + ML385 group compared
with the DEX group, indicating the effectiveness of ML385
(Fig. 4A, P<0.001; Fig. 4B, P<0.01). The DEX + ML385 group
exhibited significantly decreased MWT compared with the
DEX group (Fig. 4C; P<0.05). H&E and TUNEL staining
demonstrated that spinal injury and apoptosis rate were
exacerbated in the DEX + ML385 group compared with the
DEX group (Fig. 4D, P<0.05; Fig. 4E, P<0.01). The expression
levels of TNF-a, IL-1f and IL-6 were increased, while the
expression of IL-10 was decreased in the DEX + ML385 group
compared with the DEX group (Fig. 4F; all P<0.05). Moreover,
the expression level of NLRP3 was also upregulated in the
DEX + ML385 group compared with the DEX group (Fig. 4G;
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Figure 2. DEX reduces neuropathic pain in CCI rats. (A) CCI rats were injected with 1,2 or 5 ug/kg DEX before MWT of the rats was measured. (B) CCI rats
were injected with 5 yg/kg DEX and hematoxylin and eosin staining revealed the spinal cord injury (magnification, x400). Each set of data was arranged from
X1 to Xn in ascending order. The median values were equal (Xn/2+Xn/2+1)/2 when ‘n’ was even. The number of rats in each group was even (n=6), so the
median values were the average of X3+X4. (C) TUNEL staining was performed to examine the apoptosis in the spinal cords (magnification, x400). (D) The
expression levels of inflammatory factors were measured via ELISA. (E) Reverse transcription-quantitative PCR was performed to detect the expression of
Nrf2. (F) Western blotting was performed to detect the expression levels of Nrf2 and NLRP3. n=6 per group. "P<0.05; “P<0.01; ““P<0.001. DEX, dexmedeto-
midine; CCI, chronic constriction injury; MWT, mechanical withdrawal threshold; Nrf2, nuclear factor erythroid 2-related factor 2; NLRP3, NLR family pyrin
domain containing 3; g, pressure unit.
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Figure 3. NLRP3 increases neuropathic pain in CCI rats. CCI rats were injected with MCC950 or Nigericin. (A) Western blotting was performed to examine
the expression of NLRP3. (B) The effect of NLRP3 on the MWT of CCI rats was evaluated. (C) Hematoxylin and eosin staining revealed spinal cord injury
(magnification, x400). (D) TUNEL staining was performed to examine the apoptosis in the spinal cords (magnification, x400). (E) The expression levels of
inflammatory factors were measured via ELISA. n=6 per group. 'P<0.05; “P<0.01. CCI, chronic constriction injury; MWT, mechanical withdrawal threshold;

NLRP3, NLR family pyrin domain containing 3; g, pressure unit.

P<0.01). In conclusion, DEX promoted the expression of Nrf2
to alleviate neuropathic pain in CCI rats.

DEX alleviates neuropathic pain in CCI rats by suppressing
NLRP3 via the activation of Nrf2. To investigate the mecha-
nism by which DEX alleviated pain, CCI rats were injected
with MCC950 + ML385 or nigericin + DEX. NLRP3 was
significantly upregulated in the MCC950 + ML385 group
compared with the MCC950 group (Fig. 5A; P<0.05) and
downregulated in the nigericin + DEX group compared with
the nigericin group (Fig. 5A; P<0.01). MWT was decreased
in the MCC950 + ML385 group and increased in the nige-
ricin + DEX group compared with the MCC950 group and
nigericin group, respectively (Fig. 5B; both P<0.05). Spinal
cord injury and apoptosis rate were significantly increased
in the MCC950 + ML385 group, but were suppressed in
the nigericin + DEX group compared with the MCC950
group (P<0.05) and nigericin group (P<0.01), respectively
(Fig. 5C and D). Moreover, increases in the expression levels
of TNF-a, IL-1p and IL-6 and a decrease in the expression
level of IL-10 were observed in the MCC950 + ML385
group compared with the MCC950 group, whereas inverse
expression patterns of these cytokines were detected in the
nigericin + DEX group compared with the nigericin group
(Fig. 5E; all P<0.05). Taken together, these results suggested
that DEX inhibited NLRP3 by activating Nrf2 to suppress
neuropathic pain in CCI rats.

Discussion

The diagnosis and treatment of neuropathic pain remain chal-
lenging due to the diverse etiologies and clinical manifestations
of this disease (25). Over the past decades, pharmacotherapy
has been recommended for the management of neuropathic
pain, but only a minority of patients exhibit an adequate
response (26). The present study aimed to discover the mecha-
nism by which DEX relieved neuropathic pain, and the results
suggested that DEX inhibited NLRP3 by stimulating Nrf2 to
suppress neuropathic pain in a rat model of CCI.

Firstly, the neuroprotective role of DEX in a rat model of
neuropathic pain was demonstrated. DEX reduced the expression
levels of TNF-a, IL-13 and IL-6 while increasing the expression
level of IL-10 in CCI rats. Moreover, downregulation of NLRP3
and upregulation of Nrf2 were also detected in the spinal cord.
TNF-a,IL-1p and IL-6 have been identified as proinflammatory
factors, and IL-10 has been identified as an anti-inflammatory
factor in neuropathic pain (27). DEX was revealed to attenuate
neuropathic pain by promoting anti-inflammatory activity
in CCI (28). Consistent with the results of the current study,
Farghaly et al (29) demonstrated that DEX decreased TNF-a
and IL-6 to alleviate neuropathic pain.

In the present study, NLRP3 promoted neuropathic pain and
inflammatory responses in CCI rats. Despite the lack of research
on the interaction between DEX and NLRP3, the involvement
of NLRP3 in neuropathic pain has been intensively investigated.
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For example, microRNA-223 has been indicated to ameliorate
morphine-induced analgesic tolerance to neuropathic pain by
downregulating NLRP3 (30). Peptide 5 has been demonstrated
to induce analgesia by inhibiting NLRP3 to protect rats from
peripheral nerve injury (31). Furthermore, paclitaxel has been
revealed to induce neuropathic pain by stimulating the NLRP3
inflammasome and the proinflammatory factor IL-1{ (32).

The present study demonstrated that DEX relieved neuro-
pathic pain via the activation of Nrf2. CCI rats that were treated
with DEX and ML385 exhibited exacerbated neuropathic pain
and upregulated NLRP3 expression. A previous study showed
that the expression of Nrf2 was reduced in a rat model of chronic
neuropathic pain (33). Nrf2 may alleviate oxaliplatin-induced
peripheral neuropathy by maintaining mitochondrial homeo-
stasis and suppressing oxidative stress (34). Moreover, rutin
protects against diabetic neuropathy by inhibiting plasma glucose
levels and neuroinflammation through the activation of Nrf2
signaling (35). However, to the best of our knowledge, the regula-
tion of Nrf2 in DEX-induced neuroprotection is largely unknown.

The NLRP3/Nrf2 pathway has been extensively inves-
tigated in numerous pharmacological and pathological

processes. For example, mangiferin has been indicated to
reduce lipopolysaccharide- and D-galactosamine-induced
liver injury by inhibiting inflammation and oxidative stress
via suppression of NLRP3 and activation of Nrf2 (36).
Dimethyl fumarate has been revealed to alleviate dextran
sulfate sodium-induced colitis by stimulating Nrf2-mediated
suppression of the NLRP3 inflammasome (37). Sulforaphane
has been demonstrated to protect acinar cells from acute
pancreatitis by regulating Nrf2-mediated oxidative stress
and the NLRP3 inflammasome (38). In the present study,
NLRP3 was upregulated in MCC950-treated CCI rats in
response to ML385 injection, indicating the suppressive
effect of Nrf2 on NLRP3 expression. Furthermore, DEX was
indicated to downregulate NLRP3 in nigericin-treated CCI
rats, resulting in a reduction in the MWT, as well as spinal
cord injury and inflammatory responses. Based on the afore-
mentioned protective effect of Nrf2, it was concluded that
DEX relieved neuropathic pain in CCI rats by suppressing
NLRP3 via the activation of Nrf2. Additionally, Nrf2 has
been revealed to modulate HO-1 in dietary oleuropein- and
peracetylated oleuropein-mediated suppression of murine
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lupus nephritis (39). Further studies should be performed to
explore whether a downstream target of Nrf2 is involved in
the management of neuropathic pain.

The present study had several limitations that should
be mentioned. Firstly, only the mechanism underlying the
effect of DEX in animal models was examined, and this
mechanism should be further clarified in vitro and clinically.
In the present study, DEX relieved neuropathic pain by acti-
vating Nrf2 to inhibit NLRP3-mediated neuroinflammation.
Targeting the Nrf2/NLRP3 signaling pathway may be a novel
intervention method for neuropathic pain treatment. However,
it has been demonstrated that DEX exerts neuroprotective
and analgesic effects via the microRNA-101/E2F2/toll-like
receptor 4/NF-kB axis (40). Whether this signaling pathway
is targeted in addition to the Nrf2/NLRP3 signaling pathway
in the context of DEX treatment requires further elucidation.
Additionally, the analgesic effect of DEX should be clinically
evaluated through preliminary clinical pharmacological and
safety analyses and pharmacokinetic tests.

In summary, DEX ameliorated neuropathic pain in a rat
model of CCI. The NLRP3/Nrf2 pathway was verified to
modulate inflammatory responses in neuropathic pain. DEX
inhibited neuropathic pain by activating Nrf2 through the
suppression of NLRP3. Understanding the mechanism of
DEX may contribute to the alleviation of neuropathic pain in
patients and improve the pharmacotherapeutic treatment of
neuropathy.
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