Tropical Journal of Pharmaceutical Research March 2021; 20 (3): 543-549

ISSN: 1596-5996 (print); 1596-9827 (electronic)
© Pharmacotherapy Group, Faculty of Pharmacy, University of Benin, Benin City, 300001 Nigeria.

Available online at http://www.tjpr.org
http://dx.doi.org/10.4314/tjpr.v20i3.15

Original Research Article

v

Dexmedetomidine alleviates microglial activation of
neuropathic pain by modulating miR-23a /PDE10A axis in
streptozotocin-induced diabetic mice

Qian Wu', Yan Qiao?, Jiannan Song3*

"Health Management Center, Wuhan Third Hospital, Wuhan City, Hubei Province, 430074, ?Department of Neurology, 024000,
3Department of Anesthesiology, Chifeng Municipal Hospital, Chifeng City, Inner Mongolia Autonomous Region 024000, China
*For correspondence: Email: songjiannan321@163.com; Tel: +86-0476-8365914

Sent for review: 6 January 2021 Revised accepted: 8 March 2021

Abstract

Purpose: To elaborate the functional role of dexmedetomidine (DEX) in alleviating microglial activation
of diabetic neuropathic pain (DNP) and explore the involved signaling pathways.

Methods: The viability of BV-2 cells was measured using a commercial kit. Levels of interleukin 18 (IL-
1B) and tumor necrosis factor-a (TNF-a) were measured using commercial ELISA kit. The mRNA target
was predicted and confirmed using TargetScan and luciferase assay. Protein expression levels were
determined by western blotting. Diabetes was indiced in C57BL/6J mice using streptozotocin (STZ) and
antidiabetic parameters evaluated in vivo.

Results: DEX suppressed HG-induced microglial activation in BV-2 cells. The levels of IL-18 and TNF-a
increased in HG-treated cells, but this was counteracted following DEX treatment. Phosphorylation of
p65 (p-p65) was upregulated in cells treated with HG, while DEX repressed this upregulation. MiR-23a
was downregulated in BV-2 cells treated with HG, but upregulated by addition of DEX. MiR-23a mimics
repressed the induction of IL-18 and TNF-a levels and expression of p-p65. Results from TargetScan
and luciferase assays showed that the 3-untranslated region (UTR) of PDE10A was directly targeted by
miR-23a. The in vivo studies showed that miR-23a agomir relieved neuropathic pain and reduced the
expressions of PDE10A and p-p65 in STZ-induced diabetic mice, but these effects were aggravated by
DEX.

Conclusion: The results show that upregulation of miR-23a, DEX alleviates microglial activation of
neuropathic pain and reduces levels of inflammatory factors in STZ-induced diabetic C57BL/6J mice.
The underlying mechanism was at least partially mediated by PDE10A.
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INTRODUCTION mellitus (DM), which significantly reduces life

quality of DM patients [1]. The management of
Diabetic neuropathic pain (DNP), one of the most DNP consists of reducing the levels of fasting
difficult types of pain, is considered as a most blood glucose [1]. However, the pathological
occurred microvascular complication of diabetes ~mechanism of DNP is still not completely clear.
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Current treatments for DNP can cause side
effects and drug resistance [1]. Thus, it is
necessary to explore the mechanism by which
DNP occurs and discover new and effective
medications.

As a class of noncoding RNAs (18-22
nucleotides in length) [2], miRNAs act as gene
suppressors, inhibiting expression of target
mRNAs by targeting the 3’-untranslated regions
(UTRs) [3]. Results of microarray analyses have
revealed the alterations in the miRNAs
expressions in streptozotocin (STZ)-induced DM
mice, indicating that the abnormal miRNA
expression profiling in DM progression [4].
Another study revealed that level of serum miR-
23a, a biomarker of pre-diabetes with normal
glucose tolerance, was reduced in type 2 DM[5].
Phosphodiesterase 10A (PDE10A), an 89-kDa
dual-specific phosphodiesterase, catalyzes the
breakdown of cAMP and cGMP and is mainly
expressed in the mammalian striatum [6].
PDE10A has been reported associated with
diabetes and neurological disorders [7].
However, there are no publications considering
the relationship between PDE10A expression
and progression and development of DNP.

Dexmedetomidine  (DEX), a  widely-used
selective a2-adrenergic agonist, is applied in
surgical sedation with no respiratory depression
[8]. Previous studies have reported that DEX
attenuates neuropathic pain [9]. For example, in
a rat model, DEX ameliorated chronic
constriction injury-induced neuropathic pain by
inhibiting the JAK/STAT signaling pathway [10]
and by reducing purinergic receptor 7 expression
and extracellular  signal-regulated  kinase
phosphorylation [11]. This present article is to
elaborate the functional effects of DEX on
alleviating DNP and identify the involved
signaling pathways in this pathological process,
which will identify new treatments for DNP.

EXPERIMENTAL
Reagents

BV-2 cells and HEK293 cells were purchased
from ATCC (Manassas, VA, USA),
penicillin/streptomycin were purchased from
Sigma Aldrich (St. Louis, MO, USA), fetal bovine
serum (FBS) was from Gibco (Grand Island, NY,
USA), D-glucose was from GuideChem, China,
miR-23a mimics, miR-23a inhibitors, and their
corresponding negative controls (NC mimics and
NC inhibitor) were purchased from RiboBio
(Guangzhou, China). Lipofectamine 2000, TRIzol
reagent was from Invitrogen (Carlsbad, CA,
USA). CCK-8 reagent was from Beyotime

(Jiangsu, China), multiplate reader was from
BioTek Epoch (Winooski, VT, USA).

PrimeScript™ RT Reagent Kit was from Takara
(Dalian, China), KAPA SYBR® FAST gPCR Kit
Master Mix (2X) Universal was from Applied
Biosystems (Foster City, CA, USA), ELISA
assays were all from R&D System (Minneapolis,
MN, USA), psiCHECK2 vector and the dual
luciferase reporter assay kit were from Promega
(Madison, WI, USA), PVDF membranes were
from Merck KGaA (Darmstadt, Germany),
extraction buffers used for western blotting, and
Pierce™ ECL Western Blotting Substrate was
from (Thermo Fisher, USA), primary antibodies
were from Abcam (Cambridge, MA, USA) or Cell
Signaling Technology (Beverly, MA, USA). Male
C57BL/6J mice were from Guangdong Medical
Laboratory Animal Center (Guangdong Province,
China).

Cell culture and various treatments

Murine microglial BV-2 cells and HEK293 cells
were cultured in DMEM with supplements of 1%
antibiotics including penicillin/streptomycin and
FBS (10%) at 37 °C with 5% CO2. BV-2 cells
were cultured in sterile 6-well plates (1 x 10°
cells/well) and treated with 100 mM of D-glucose
for 24 h, named as high glucose (HG) group.
Before HG treatment, BV-2 cells with
pretreatment of 5, 10, and 20 yg/mL DEX were
named as DEX-5 group, DEX-10 group and
DEX-20 group.

Before treatment with HG, miR-23a mimics,
inhibitors, and their corresponding negative
controls were mixed with Lipofectamine 2000
and transfected into cells for 6 h.

CCK-8 assay

Cells were transferred into 96-well plates with
100 uL fresh media in each well and added with
two microliters of CCK-8 reagent, followed by
incubated for 2 h. The optical density (OD) value
(450 nm) was read using a multiplate reader.

RNA extract and real-time quantitative PCR
assay

Total RNA was isolated from cells or mouse
tissues using the TRIzol reagent. The miR-23a
expression ~was measured using the
PrimeScript™ RT Reagent Kit and KAPA
SYBR® FAST gPCR Kit Master Mix (2X)
Universal. Relative expression of miR-23 was
quantified using the 2-22CT method [12] with the
listed primers (Table 1).
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Table 1: Primers used in this study

Gene Primer sequence (forward and
reverse)
miR-23a 5-ATCACATTGCCAGGGATT-3’

5-CTCAACTGGTGTCGTGGA-3
ue 5-ATGGGTCGAAGTCGTAGCC-3
5-TTCTCGGCGTCTTCTTTCTCG-3

ELISA

TNF-a and IL-1B3 were detected using the mouse
TNF-a Quantikine ELISA Kit and mouse IL-1B/IL-
1F2 Quantikine ELISA Kit, respectively.

Luciferase assay

The WT (wild-type) and MUT (mutant)
sequences of 3'-UTR of PDE10A, which contains
the putative binding site of miR-23a, were cloned
into the psiCHECK2 vector, which named as
psiCHECK2-PDE10A-WT and psiCHECK2-
PDE10A-MUT plasmids, respectively. The
constructed plasmids were then co-transfected
with miR-23a mimics, miR-23a inhibitor, or the
corresponding controls into HEK293 cells, and
the luciferase activity was finally determined.

Western blotting

The cultured cells and tissues were lysed and
proteins were separated by SDS-PAGE and
transferred onto PVDF membranes and blocked
with fat-free milk (5%). The membranes were
then probed using primary antibodies (4 °C,
overnight) and then incubated with secondary
antibodies (2 h, room temperature). The protein
signals were detected using the ECL system.
The used primary antibodies were PDE10A
(ab151454, 1:1,000 dilution); phospho-p65
(CST#3033, 1:1,000 dilution); p65 (CST#9460,
1:1,500 dilution), and B-actin (CST#3700,
1:3,000 dilution).

Animal model

Male C57BL/6J mice (15 weeks old) were
housed (23 + 2 °C, 55 + 15 % humidity, 12 h
light/12 h dark cycle) for 1 week and fed with
normal mouse chow and water. All experiments
were approved by the Ethics Committee of
Chifeng Municipal Hospital (approval no. 2020-
026) and performed in compliance with the Care
and Use of Laboratory Animals published by the
U.S. National Institutes of Health (no. 85-23,
1996) [13].

STZ (200 mg/kg) was used to induce diabetes,
and DEX (2.5 pg in 20 pyL normal saline for each
mouse) was used to relieve neuropathic pain.
The mice were grouped (n = 10 mice/group).

Sham group, mice were injected intraperitoneally
(i.p.) with 20 pL normal saline. STZ group, mice
were injected (i.p.) with STZ once. STZ + DEX
group, mice were injected (i.p.) with STZ once.
After 28 days, mice were intrathecally (i.t.)
injected with DEX once daily for three days. STZ
+ NC agomir group, mice were injected (i.p.) with
STZ once. After 28 days, mice were
administered the negative control of miR-23a
agomir (100 ng) by tail vein injection once daily
for one week. STZ + miR-23a agomir group,
mice were injected (i.p.) with STZ once. After 28
days, mice were then administered the miR-23a
agomir (100 ng) by tail vein injection once daily
for one week. STZ + miR-23a agomir + DEX
group, mice were injected i.p. with STZ once and
then administered the miR-23a agomir (100 ng)
by tail vein injection once daily for one week.
After that, mice were injected i.t. with DEX once
daily for three days. After treatment, mouse body
weights were measured. Blood glucose levels of
mice were measured via tail vein.

Assessment of mechanical paw withdrawal
threshold (MPWT)

The von Frey filament stimulation was used to
test for MPWT. Mice were kept in a cage with a
wire mesh floor for 30 min to acclimate to the
environment. The plantar surface of their hind
paws was stimulated with a calibrated series of
von Frey hairs in ascending order (0.2 0.4, 0.6,
0.8, 1, 14, 2, 4, 6, and 8 g) for 6 sec per
filament. The lowest amount of force required to
elicit a response was regarded as MPWT.

Immunofluorescent staining

After treatment, mice were anesthetized using
pentobarbital (i.p., 80 mg/kg). After collection of
lumbar spinal tissues, which were then fixed in
paraformaldehyde (4%, 4 °C, overnight) and
cryopreserved in sucrose (30%). The spinal
cords were incubated with ionized calcium-
binding adaptor molecule 1 (IBA1) primary
antibody (CST#17198, 1:300 dilution) at 4 °C
overnight and then probed with anti-rabbit 1gG
(Alexa Fluor® 594 Conjugate) (CST#8889, 1:
1,000 dilution). Fluorescence intensity was
observed and photographed using a Leica TCS
SPE confocal microscope.

Statistical analysis

Statistical analysis on data was performed using
GraphPad Prism 7.8 software. The Student’s t
test, and one-way and two-way analyses of
variance were used to analyze differences
between two groups, and among three or more
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groups, respectively. P < 0.05 was considered
statistically significant.

RESULTS

DEX reduces HG-induced
activation in BV-2 cells

microglial

The different concentrations of DEX cause no
significant changes in the activity of HG-treated
BV-2 cells as compared to that treatment with
HG alone (Figure 1 A). The levels of both IL-18
and TNF-a were induced by HG treatment
(Figure 1 B). However, the level of TNF-a was
significantly reduced by 10 and 20 pg/mL DEX,
and the level of IL-1B was significantly reduced
by 20 pg/mL DEX (Figure 1 B). The different
concentrations of DEX cause no significant
changes in the protein expression of p65 in HG-
treated BV-2 cells as compared to that treatment
with HG alone (Figure 1 C). The phosphorylation
of p65 (p-p65) was increased by HG, but this
phosphorylation was repressed by treatment with
10 and 20 pg/mL DEX (Figure 1 C). These data
indicated that DEX reduced microglial activation
induced by HG.

BY-2
= Con

A B =

B HG+DEXS

HG+DEX-10
W HG+DEX-20

o
@
$
S

4

Relalive celular activily
b
o

Inflammatory factor levels

o
o

oS P TNF-a IL-1p
<2 P (paiml) {pa'mi)

pO5  —— — —
Bractin —————

Redative p-pS5ipeS expression
e E S O
o k& @ B

Figure 1: DEX suppresses HG-induced microglial
activation in BV-2 cells. The viability of HG-treated BV-
2 cells (A), levels of IL-18 and TNF-a (B), and the
protein expressions of p65 and p-p65 (C) after
treatment with different concentrations of DEX. **P <
0.01 vs. Con; ##p < 0.01 vs. HG. DEX:
dexmedetomidine; p-p65: phosphorylated p65.

DEX reverses HG-induced downregulation of
miR-23a in BV-2 cells

The effects of DEX on miR-23a expression were
measured. The miR-23a expression was
inhibited in HG-treated BV-2 cells, which was
increased in response to different concentrations
of DEX, showing the highest expression at the
concentration of 20 ug/mL (Figure 2).
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Figure 2: DEX reverses HG-induced downregulation
of miR-23a in BV-2 cells. **P < 0.01 vs. Con; *P < 0.05
and #P < 0.01 vs. HG. DEX: dexmedetomidine
MiR-23a mimic reduces HG-induced
inflammation in BV-2 cells

The miR-23a expression was inhibited by HG,
however, this inhibition was reversed in BV-2
cells after transfection of miR-23a mimic
compared with that of NC mimics (Figure 3 A).
The levels of IL-18 and TNF-a were increased by
HG, but these inductions were prevented by miR-
23a mimic (Figure 3 B). The protein expression
of p-p65 was induced by HG, but inhibited by
miR-23a mimic (Figure 3 C). These results
suggested that miR-23a reduced HG-induced
inflammation.
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Figure 3: MiR-23a mimic reduces HG-induced
inflammation in BV-2 cells. (A) Relative miR-23a
expression in Con, HG, HG+NC mimic, and HG+miR-
23a mimic groups. (B) IL-1B and TNF-a levels
measured in BV-2 cells in different groups as
described in (A). (C) Western blot analysis on the
protein expression of p65 and p-p65 in BV-2 cells in
different groups as described in (A). **P < 0.01 vs. NC
mimic. &p < 0.01 vs. NC inhibitor. NC mimic: negative
control of miR-23a mimic
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PDE10A is a direct target of miR-23a

TargetScan (www.tagetscan.org) predicted that
there was a complementary sequence betwen
miR-23a and the 3’-UTR of PDE10A (Figure 4
A). The luciferase activity was decreased by
miR-23a mimic and enhanced by miR-23a
inhibitor in the PDE10A-WT group as compared
with the NC mimic and NC inhibitor (Figure 4
B). PDE10A protein expression was upregulated
by miR-23a mimic and downregulated by miR-
23a inhibitor (Figure 4 C). These results showed
that PDE10A was directly targeted by miR-23a.
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Figure 4: PDE10A is directly targeted by miR-23a. (A)
The sequence between miR-23a-3p and its putative
binding site in the 3-UTR of PDE10A-WT. (B)
Luciferase activity was measured in HEK293 cells. (C)
PDE10A protein level was detected by western blot in
BV-2 cells. **P < 0.01 vs. NC mimic; 4p < 0.01 vs. NC
inhibitor. NC mimic: negative control of miR-23a mimic

DEX relieves DNP in STZ-induced DM mice
via the miR-23a /PDE10A axis

The blood glucose level and body weight were
increased after treatment with STZ in C57BL/6J
mice (Figure 5 A). These inductions in blood
glucose and body weights were not altered by
either miR-23a agomir or the combination of
miR-23a agomir and DEX (Figure 5 A). The
mechanical allodynia and miR-23a expression
were reduced by STZ, but these reductions were
prevented by DEX (Figure 5 B and C). The
protein expression of PDE10A and the p- p65,
and the fluorescence intensity of IBA1 were
significantly higher in STZ-treated mice as
compared to that in Sham mice, but these
inductions were prevented by DEX (Figure 5 D
and E). Importantly, compared to that in STZ +
NC agomir group, the mechanical allodynia and
miR-23a expression was reduced, but the protein
expressions of PDE10A and p-p65, and the
fluorescence intensity of IBA1 were significantly
increased in STZ + miR-23a agomir group
(Figure 5 B and E). However, these alterations
were aggravated by DEX treatment. These

investigations indicated that DEX relieved DNP in
STZ-induced diabetic mice via the miR-23a.
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Figure 5: DEX relieves DNP in STZ-induced DM mice
via the miR-23a /PDE10A axis. The blood glucose
level and body weight (A), mechanical allodynia (B),
miR-23a expression (C), protein expression of
PDE10A and the p- p65 (D), and IBA1 fluorescence
intensity (E) in C57BL/6J mice. **P < 0.01 vs. sham;
8p < 0.01 vs. STZ; #p < 0.05 and #p < 0.01 vs. STZ +
NC agomir; @p < 0.05 and @@p < 0.01 vs. STZ + miR-
23a agomir. STZ: 200 mg/kg streptozotocin; NC
agomir: negative control of the miR-23a agomir

DISCUSSION

As a selective a2-adrenergic agonist, DEX is
widely used for surgical sedation [8]. It is also
used to relieve pain, including postoperative
pain, neuropathic pain, and chronic headache
[9]. Our results demonstrated that the expression
of miR-23a was reduced after treatment with HG.
DEX reversed the HG-induced downregulation of
miR-23a, alleviating DNP and reducing the
productions of IL-1B and TNF-a via inhibiting the
NF-kB signaling pathway. The underlying
mechanism was mediated by downregulating
PDE10A, a direct target of miR-23a.

DEX has been reported to relieve DNP via
various inflammatory signals [14,15].
Consistently, DEX alleviated DNP in STZ-
induced DM mice in the present study. Different
mechanisms have been explored in previous
studies, including by repression of P2X4 and
NLR family pyrin domain containing 3 expression
and downregulation of the Wnt 10a/B-catenin
signaling pathway [14,15]. In this study, the HG-
induced repression of miR-23a was attenuated
by DEX via a different mechanism different from
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previous conclusion. The in vivo experiments
demonstrated that overexpression of miR-23a
attenuated DNP, which was further attenuated by
DEX treatment. These data suggest that the
protective effects of DEX were mediated by
upregulation of miR-23a.

IL-18 and TNF-a are pro-inflammatory cytokines
that are induced during neuro-inflammation and
contribute to pain hypersensitivity [16]. In this
study, DEX and miR-23a mimic inhibited the
production of IL-1B and TNF-a induced by HG,
suggesting the anti-inflammatory effects of DEX
and miR-23a. Microglia are the resident
macrophages in the central nervous system and

express many bioactive diffusible factors,
including  pro-inflammatory  cytokines and
neurotrophic  factors that contribute to
neuropathic pain [17]. IBA1 is a

macrophage/microglia-specific  calcium-binding
protein that is specifically expressed in response
to microglial activation during brain injury or
disease [18]. Data from this study also showed
that IBA1 expression is inhibited by DEX and
miR-23 agomir, and further aggravated by the
combination of DEX and the miR-23 agomir,
indicating that DEX and miR-23a inhibit neuro-
inflammation in microglia in STZ-induced diabetic
mice.

NF-kB is a crucial transcription factor that
regulates inflammation [19]. The p-p65, a
component of NF-kB, activates inflammation via
the NF-kB signaling pathway [19]. Here, the p-
p65 was upregulated under diabetic conditions
and was suppressed by DEX and miR-23a both
in vitro and in vivo, suggesting that the relief of
DNP by DEX treatment can be mediated by the
inhibition of NF-kB signaling via the upregulation
of miR-23a. In addition, the TargetScan results
revealed a complementary sequence between
the 3’-UTR of PDE10A and the “seed region” (2—
8 nucleotides at the 5 end) of miR-23a.
Luciferase activity was also decreased in cells
co-transfection of miR-23a mimic and PDE10A-
WT, confirming that PDE10A was directly
targeted by miR-23a. Results of western blotting
showed that PDE10A protein expression was
downregulated by miR-23a mimics, further
identifying PDE10A as a target of miR-23a.

CONCLUSION

The findings of the present study show that miR-
23a is downregulated under HG conditions both
in microglia and in mice, suggesting the
identification of a new diagnostic biomarker for
diabetes. DEX reverses the HG-induced
downregulation of miR-23a, thus alleviating DNP
by inhibiting of NF-kB signaling and reduction of

IL-18 and TNF-a production. These findings
suggest a new therapeutic target for the
treatment of DNP.
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