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Abstract

Purpose: To investigate the effect of dexmedetomidine on streptozotocin (STZ)-induced diabetic
neuropathy pain (DNP) in rats and elucidate its mechanism of action.

Methods: The DNP rat model was established by injecting STZ (70 mg/kg) following dexmedetomidine
treatment. Next BV-2 cells were stimulated using lipopolysaccharide (LPS, 200 ng/mL) and then
administered 20 uM dexmedetomidine. Blood glucose levels, body weight, and paw withdrawal
threshold (PWT) were measured once a week in DNP rats. Transfection was performed, and luciferase
reporter assay was used to verify microRNA (miR)-337 binding to Rap1A mRNA. Reverse transcription-
polymerase chain reaction (RT-PCR) was used to measure the levels of miR-618 and P2Y12 while the
protein levels of P2Y12 and ionized calcium-binding adaptor molecule 1 (IBA-1) were determined by
western blot analysis.

Results: Dexmedetomidine treatment significantly increased PWT (p < 0.01) in DNP rats and
decreased miR-618 expression (p < 0.01) but increased P2Y12 expression (p < 0.01) in the spinal cord
of DNP rats. Luciferase reporter assay data showed that the presumed binding site of miR-618 is
located in the 3'-untranslated regions of P2Y12. MiR-618 overexpression significantly reduced P2Y12
levels (p < 0.01). Dexmedetomidine upregulated P2Y12 expression (p < 0.01) but decreased IBA-1
expression (p < 0.01).

Conclusion: Dexmedetomidine application attenuates DNP by inhibiting microglial activation via the
regulation of miR-618/P2Y12 pathway. This finding provides a potential therapeutic strategy for DNP
management.
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INTRODUCTION diabetes mellitus [1]. Approximately 30% of

patients develop neuropathic pain, depression,
Diabetic neuropathy pain (DNP) is one of the anxiety, and sleep deprivation, which have
most common symptoms in patients with serious impacts on the quality of life and lead to
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an increased economic burden for diabetes care
[1,2]. The activation of microglia in the spinal
cord is necessary for pain hypersensitivity after
nerve injury, and inhibiting microglia may provide
a potential therapeutic strategy [3]. Thus, it is of
great importance to regulate the activity of
microglia in patients with DNP.

Dexmedetomidine, a potent alpha-2-adrenergic
agonist, has neuroprotective activities, such as
reducing delirium, maintaining sleep architecture

and ventilatory drive, and decreasing
sympathetic tone and the inflammatory response
[4]. A recent study unveiled that

dexmedetomidine attenuates neuroinflammation
by regulating the polarization of the microglial
pro-inflammatory and anti-inflammatory status
[5]. Dexmedetomidine alleviated neuropathic
pain after spared nerve injury by repressing
microglia activity via suppressing spinal P2X4
receptors, phosphorylated p38, and brain-derived
neurotrophic factor in the spinal dorsal horn [6].
In addition, dexmedetomidine attenuated DNP in
rats by regulating the Wnt 10a/B-catenin pathway
[7]. However, the effect of dexmedetomidine on
microglia activity in DNP and its underlying
mechanism remain poorly understood and
requires further study. A growing number of
studies have shown that microRNAs (miRNAs)
play important roles in regulating many diseases
[8,9]. Inhibiting miR-618 promotes
osteoclastogenesis, which plays a pivotal role in
postmenopausal osteoporosis [10]. miR-618 also

inhibits metastasis in gastric cancer by
decreasing transforming growth factor (2
expression [11]. In addition, miR-618 was

elevated in type 1 diabetes patients with many
microvascular complications [12]. However, the
role of miR-618 in DNP remains unclear. Thus,
the relationship between dexmedetomidine and
miR-618 in DNP warrants in-depth analysis.

In this study, a DNP rat model was established
by injecting STZ, and BV-2 cells were stimulated
by LPS. The potential mechanism of
dexmedetomidine against DNP was further
investigated by focusing on microglia and cell
signaling.

EXPERIMENTAL

Induction of the diabetic neuropathy pain rat
model

Eighteen male Sprague-Dawley rats (weighing
250 + 20 g) were purchased from Nanjing Junke
Bioengineering Co., Ltd (Nanjing, China) and
were kept at 22 + 2 °C under a 12-h light-dark
cycle. The procedures were approved by the
Ethics Committee of Chifeng Municipal Hospital

(approval no. 2020-026) and conducted in
accordance with the National Institutes of Health
Laboratory Animal Care and Use Guidelines [13].

The DNP rat model was established by the
intraperitoneal injection of streptozotocin (STZ,
70 mg/kg, Sigma-Aldrich, St. Louis, MO, USA) 3
times/day. Eight days after STZ injection,
glucometer IME-DC  (Bayer, Leverkusen,
Germany) was used to determine the blood
glucose levels using blood samples collected
from the tail veins, and blood glucose levels =16
mM were considered diabetic. Neuropathic pain
in diabetic rats was defined as 50 % PWT < 5 g,
measured using the von Frey hair test.

Treatment

Eight days after STZ injection, the rats were
intraperitoneally injected with 50 pg/kg of
dexmedetomidine (Yuanye Biological
Technology Co. Ltd, Shanghai, China) once a
day for 34 days. The animals in the control group
were injected with an equivalent volume of
saline. The blood glucose levels were
determined using a glucometer IME-DC (Bayer),
and the body weights were recorded once a
week after STZ injection until the end of the
experiments. In addition, the von Frey hair test,
which was used to measure the paw withdrawal
threshold (PWT), was performed once a week.

For miR-618 and P2Y 12 expression in the spinal
cord of rats, different concentrations of
dexmedetomidine (5, 10, 50, and 100 pg/kg)
were administered. On the last day of the
experiment, the rats were sacrificed under
general anesthesia with pentobarbital sodium (50
mg/kg). The L4-L6 segments of the spinal cord of
rats were isolated immediately and stored in
liquid nitrogen.

Cell culture

BV-2 cells were obtained from the Cell Bank of
Chinese Academy of Medical Sciences (Beijing,
China) and were kept in Dulbecco’s Modified
Eagle Medium (Gibco, Grand Island, NY, USA)
containing 10% fetal bovine serum (Gibco) ina 5
% CO, incubator at 37 °C. Cells (1 x 10°
cells/well) were cultured in 24-well plates
overnight. Next, the cells were stimulated using
200 ng/mL of LPS, followed by treatment with 20
MM dexmedetomidine or shP2Y12 for 24 h and
western blot analysis.

MiRNA transfection

PGC-LV-pre-miR-618-GFP-PURO
mimic) was  applied for

(miR-618
hsa-miR-618

Trop J Pharm Res, January 2021; 20(1): 62



Song et al

overexpression, and GC-LV-miR-NC-GFP-PURO
(mimic control) was used as a control for miR-
618 mimic. Cell transfections were performed
using Lipofectamine 3000 reagent (Invitrogen,
Carlsbad, CA, USA). HEK293 cells were then
transfected with miR-618 mimic and NC mimic.

Luciferase report assays

After 48 h of transfection, cells were collected
and cell lysates were obtained. A dual-reporter
luciferase assay system was utilized to
determine luciferase activity using a Tecan
SpectraFluorPlus plate-reader (Plastic Surgery
Laboratory, University of Pittsburgh, Pittsburgh,
PA, USA). Renilla luciferase was used for
normalization.

Reverse transcription-polymerase chain
reaction (RT-PCR)

The total RNA of BV-2 and HEK293 cells was
isolated using TRIzol reagent (Invitrogen). First-
strand cDNA was synthesized using the
SuperScript® Ill cDNA Synthesis Kit (Invitrogen).
The QuantiTect SYBR Green PCR kit (Qiagen,
Hilden, Germany) and Icycler iQ Multi-color real-
time PCR detection system were used for RT-
PCR. The primer pairs used for amplification are
shown in Table 1. Reverse transcription-
polymerase chain reaction was performed as
follows: 95 °C for 10 min, 95 °C for 5 s, 60 °C for
30 s, and 72 °C for 30 s, 40 cycles in total. The
relative expression levels were quantified using
the 2"AACT method [14].

Western blot analysis

The proteins were extracted from BV-2 and
HEK293 cells using lysis buffer (Beyotime,
Shanghai, China) and then were quantified using
the BCA Protein Assay Kit (Thermo Fisher
Scientific, Waltham, MA, USA). Equal amounts of
protein were separated by 10% SDS-PAGE,
followed by transfer to nitrocellulose membranes.
Next, the membranes were incubated with the
primary antibodies P2Y12 (1:1000; AnaSpec
Inc., Fremont, CA, USA) and IBA-1 (1:1000;
Wako, Osaka, Japan) overnight at 4 °C.
Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH; 1:1000, Abcam, Cambridge, MA, USA)

Table 1: Primer pairs used for amplification

was used as a loading control. The membranes
were washed using TBST (0.2 % Tween-20 in
blocking buffer) and incubated with horseradish
peroxidase-conjugated anti-rabbit or anti-mouse
IgG (Promega Corporation, Madison, WI, USA).
An enhanced chemiluminescence detection
system was applied to quantify the intensity of
the bands.

Statistical analysis

SPSS (Version 17.0) (SPSS Inc, Chicago, IL,
USA) was utilized for all statistical analyses. The
experimental data were reported as means %
standard deviation. One-way analysis of variance
was used to compare multiple groups, followed
by Tukey’'s multiple comparison tests. The
statistical significance was p < 0.05.

RESULTS

Dexmedetomidine alleviates neuropathic pain
in diabetic rats

The blood glucose of DNP rats was significantly
increased within 1 week (p < 0.01), and
hyperglycemia was maintained during the
experiment (Figure 1 A). In addition, the body
weights were significantly decreased in DNP rats
compared with those in the control group (Figure
1 B; p < 0.01). However, dexmedetomidine
administration did not significantly affect the
blood glucose level and body weight. PWT was
decreased in DNP rats compared with that in the
control group (p < 0.01), while dexmedetomidine
treatment significantly elevated PWT (p < 0.01)
(Figure 1 C).

Dexmedetomidine decreases the expression
of miR-618 but increases the level of P2Y12 in
the spinal cord of DNP rats

The changes in the expression of miR-618 and
P2Y12 in the spinal cord were measured after
the administration of different concentrations of
dexmedetomidine. STZ stimulation significantly
inhibited the expression of P2Y12 mRNA, but the
level of miR-618 was increased compared with
control group (p < 0.01).

Gene Primer pairs
miR-618 3'-AAACTCTACTTGTCCTTCTGAGT-5'
P2Y12 5'-CATTGCTGTACACCGTCCTG-3' (forward) 5-GGCTCCCAGTTTAGCATCAC-3'
(reverse)
GAPDH 5'-CGGCTACCACATCCAAGGAA-3' 5'-AGCCACATCGCTCAGACACC-3'
(forward) (reverse)
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Figure 1: Dexmedetomidine attenuates neuropathic
pain in diabetic rats. A: Blood glucose level changes in
DNP rats after dexmedetomidine treatment. B: Body
weight changes in DNP rats after dexmedetomidine
treatment. C, Time course of PWT in DNP rats after
dexmedetomidine administration. p < 0.01, compared
with the control group or DNP+Dex group. DEX,
dexmedetomidine; DNP, diabetic neuropathic pain

Dexmedetomidine administration remarkably
increased P2Y12 expression but decreased miR-
618 expression in the spinal cord (Figure 2 A and
B; p < 0.01). Further results found the P2Y12
protein level was distinctly decreased in DNP
rats, whereas dexmedetomidine elevated P2Y12
expression compared with that in untreated DNP
rats (Figure 2 C; p < 0.01).

Dexmedetomidine up-regulates P2Y12 via
miR-618

The predicted pairing of the target region binding
site between miR-618 and P2Y12 wt was
UAGAGUUU in the region of the 3'-UTR (Figure
3 A). Next, BV-2 was transfected with miR-618
mimic and NC mimic, and the luciferase report
assay was used to validate the specific effect of
miR-618 on P2Y12 wt. miR-618 overexpression
significantly inhibited the luciferase activity of the
P2Y12 wt 3-UTR compared with NC mimic
overexpression (Figure 3B; p < 0.01). However,
no change was observed with the P2Y12 mut 3'-
UTR.

After LPS stimulation in BV-2 cells, the miR-618
level was significantly upregulated but P2Y12
was downregulated compared with that in the
control group (p < 0.01). Dexmedetomidine
treatment decreased miR-618 expression but
increased P2Y12 expression (p < 0.01)
compared with that in LPS-treated cells (p <
0.01). miR-618 overexpression significantly
upregulated miR-618 expression but
downregulated P2Y12 expression compared with
that in LPS-treated cells (p < 0.01). However,
miR-618 expression was significantly reduced
but P2Y12 expression was increased after
dexmedetomidine administration in miR-618-
treated cells (Figure 3 C and D; p < 0.01). miR-
618 overexpression downregulated P2Y12
expression in LPS-treated cells, while
dexmedetomidine upregulated P2Y12 expression
(Figure 3 E; p <0.01).
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Figure 2: Dexmedetomidine inhibits miR-618

expression and increases P2Y12 expression in the
spinal cord of DNP rats. A, The mRNA level of P2Y12
was determined by qRT-PCR. B, The mRNA level of
miR-618 was determined by qRT-PCR. C, The protein
level of P2Y12 was determined by western blotting. P
< 0.01, compared with the control group; &&p < 0.01,
compared with the LPS group. DEX,
dexmedetomidine; DNP, diabetic neuropathic pain

Dexmedetomidine inhibits
activation by regulating P2Y12

microglial

LPS stimulation significantly downregulated the
level of P2Y12, but the expression of IBA-1 was
upregulated compared with those in the control
group (Figure 4; p < 0.01). Dexmedetomidine
administration elevated P2Y12 expression but
decreased IBA-1 expression compared with LPS-
treated cells (p < 0.01). ShP2Y12, an shRNA that
knocks  down P2Y12, reduced P2Y12
expression, but IBA-1 expression was increased
compared with that in LPS-treated cells.

Trop J Pharm Res, January 2021; 20(1): 64



Song et al

However, dexmedetomidine application upregu-
lated P2Y 12 expression but downregulated IBA-1
expression (p < 0.01).
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Figure 3: Dexmedetomidine up-regulates P2Y12 via
miR-618. A: Sequences of miR-618 and presumed
binding site in the 3'-UTR of P2Y12. B: The luciferase
reporter assay was performed after the transfection of
miR-618 mimic and NC mimic into BV-2 cells C,
Changes in the miR-618 mRNA levels in LPS-treated
cells after dexmedetomidine and miR-618 treatment.
D: Changes in the P2Y12 mRNA levels in LPS-treated
cells after dexmedetomidine and miR-618 treatment.
E: Protein levels of P2Y12 in LPS-treated cells after
dexmedetomidine and miR-618 treatment. P < 0.01,
compared with the control %!;oup; &&p < 0.01,
compared with the LPS group; "p < 0.01, compared
with miR-618-treated cells. DEX, dexmedetomidine;
DNP, diabetic neuropathic pain
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Figure 4: Dexmedetomidine inhibits microglial
activation by regulating P2Y12. A, P2Y12 protein
expression was determined by western blot analysis.
B: Protein levels of P2Y12 in LPS-treated cells after
dexmedetomidine and shP2Y12 treatment. C: Protein
levels of [BA-1 in LPS-treated cells after
dexmedetomidine and shP2Y12 treatment. P < 0.01,
compared with the control ggoup; &p < 0.01,
compared with the LPS group; ™p < 0.01, compared
with the shP2Y12-treated cells. DEX,
dexmedetomidine; DNP, diabetic neuropathic pain;
IBA-1, ionized calcium binding adaptor molecule 1

DISCUSSION

DNP is a common complication of diabetic
patients, and the main manifestations are
spontaneous pain, paresthesia, dysesthesia,
hyperalgesia, and allodynia [15]. Duloxetine is
frequently used to treat DNP clinically, but side
effects such as nausea, dry mouth, constipation,
fatigue, and somnolence occur in patients who
receive duloxetine at a rate > 5 % [16]. Thus,
developing more effective and safer drugs to
improve DNP treatment is warranted. In the
current  study, dexmedetomidine treatment
significantly alleviated neuropathic pain in DNP
rats and decreased miR-618 expression, but the
level of P2Y12 was increased in the spinal cord
of DNP rats. Dexmedetomidine inhibited
microglial activation by regulating miR-618
through directly targeting P2Y12.

In many neurological diseases, the pathogenesis
of microglia is complicated and microglial
activation is an important response factor to
pathological changes in the central nervous
system [17]. Activated microglia contribute to
neuropathic pain regarding sensory and/or non-
sensory aspects [18]. Thus, developing new
drugs targeting microglia may provide a potential
therapy for neuropathic pain. The Chinese
medicine Wu-Tou decoction was demonstrated
to diminish neuropathic pain through the
suppression of hippocampal microglia activation
[19].

Zhang et al revealed that ammoxetine relieved
DNP symptoms by inhibiting microglial activation
and inflammation in the spinal cord via regulating
the phosphorylation of p38 and phosphorylation
of c-Jun N-terminal kinase pathways [20]. In this
study, increased IBA-1 expression was
significantly observed after LPS stimulation in
BV-2 cells, suggesting that LPS stimulated
microglial activation. After dexmedetomidine
treatment, microglial activity was significantly
inhibited, indicating that dexmedetomidine
attenuated neuropathic pain in DNP rats by
inhibiting microglial activity.

MiRNAs, key modulators of differentiation,
activation, and polarization of microglia and
macrophages, play pivotal roles in microglia and
astrocyte-mediated inflammation and
neuropathic pain [21,22]. For example, miR-
190a-5p contributes to DNP through targeting
SLC17A6 [23], miR-32-5p promotes neuropathic
pain and neuroinflammation in rats after spinal
nerve ligation by downregulating dual-specificity
phosphatase 5 [24]. In the present study, STZ
injection and LPS stimulation induced significant
increases in MiR-618, while dexmedetomidine
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administration decreased miR-618 expression in
DNP rats and LPS-treated BV-2 cells.

To investigate the mechanism by which
dexmedetomidine decreased miR-618
expression in the spinal cord of DNP rats, the
dual luciferase reporter assay was performed.
The findings revealed the paired sequence of
miR-618 located in the 3-UTR of P2Y12 wt,
implying the direct interaction between miR-618
and the 3-UTRs of P2Y12. As one type of
microglial purinergic receptor, P2Y12 is involved
in the pathogenesis of neuropathic pain [25]. A
recent study found that the microglial P2Y12
receptor regulated microglial activation and was
considered a therapeutic remedy to alleviate
neuropathic pain [26]. In this study, STZ injection

and LPS stimulation decreased P2Y12
expression.  Dexmedetomidine  significantly
elevated P2Y12 expression, but miR-618

inhibited P2Y12 expression. The results suggest
that dexmedetomidine inhibits  microglial
activation by regulating miR-618 through directly
targeting P2Y12.

CONCLUSION

This study demonstrates that dexmedetomidine
attenuates diabetic neuropathic pain by inhibiting
microglial activation via the regulation of the miR-
618/P2Y12 pathway, suggesting that miR-618
might provide a novel clinical therapeutic strategy
for patients with DNP.
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