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Purpose: Neuropathic pain is a chronic intractable disease characterized by allodynia and hyperalgesia. Effective treatments are 
unavailable because of the complicated mechanisms of neuropathic pain. Transient receptor potential canonical 6 (TRPC6) is 
a nonselective calcium (Ca2+)-channel protein related to hyperalgesia. Dexmedetomidine (Dex) is an alpha-2 (α2) adrenoreceptor 
agonist that mediates intracellular Ca2+ levels to alleviate pain. However, the relationship between TRPC6 and Dex is currently 
unclear. We speculated that the α2 receptor agonist would be closely linked to the TRPC6 channel. We aimed to investigate whether 
Dex relieves neuropathic pain by the TRPC6 pathway in the dorsal root ganglia (DRG).
Methods: The chronic constriction injury (CCI) model was established in male rats, and we evaluated the mechanical withdrawal 
threshold (MWT) and thermal withdrawal latency (TWL). The expression of TRPC6 and Iba-1 in the DRG were analyzed using 
quantitative real-time polymerase chain reaction, Western blot, and immunofluorescence assay. The levels of inflammatory cytokines 
were measured using an enzyme-linked immunosorbent assay.
Results: Compared with the CCI normal saline group, both the MWT and TWL were significantly improved after 7 days of Dex 
administration. Results demonstrated that TRPC6 expression was increased in the DRG following CCI but was suppressed by Dex. In 
addition, multiple administrations of Dex inhibited the phosphorylation level of p38 mitogen-activated protein kinase and the 
upregulation of neuroinflammatory factors.
Conclusion: The results of this study demonstrated that Dex exhibits anti-nociceptive and anti-inflammatory properties in 
a neuropathic pain model. Moreover, our findings of the CCI model suggested that Dex has an inhibitory effect on TRPC6 expression 
in the DRG by decreasing the phosphorylation level of p38 in the DRG.
Keywords: neuropathic pain, CCI model, microglia, TRPC6, dexmedetomidine, neuroinflammation

Introduction
Neuropathic pain is a common chronic pain condition encountered in clinical practice that is typically caused by a lesion 
or disease of the somatosensory nervous system.1,2 Its main clinical manifestations in patients include spontaneous pain, 
allodynia, and hyperalgesia.3 Neuropathic pain has become a widespread public health concern, affecting 6–8% of the 
population, and roughly a quarter of these patients experience chronic pain.4 The pathophysiological mechanisms 
underlying neuropathic pain are currently uncertain. Ion channels have been shown to play an important role at different 
stages of the disease. For example, altered expressions of ion channels in primary afferent neurons, such as voltage-gated 
sodium, potassium, and calcium (Ca2+) channels,5,6 either instigate abnormal electrical activity that contributes directly to 
spontaneous pain or accelerate the release of neurotransmitters in the synapse, which affects the excitability of the 
neurons.7 Furthermore, proliferating microglia and neuroinflammation play significant roles in the initiation and main
tenance of chronic pain.8 Indeed, it has been confirmed that inhibiting microglial activation is an effective strategy for 
alleviating neuropathic pain.
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The dorsal root ganglia (DRG) are located along the spinal cord and contain a variety of neuronal types and cell 
bodies of sensory neurons. The DRG is considered a critical structure in sensory transmission and modulation, such as 
the processing of nociceptive and thermal stimuli.9 Moreover, a variety of receptors (eg, ion channel receptors) in the 
DRG may be involved in neuropathic pain.10 Thus, it is critical to gain a thorough understanding of the receptors found 
in the DRG in neuropathic pain.

The transient receptor potential (TRP) superfamily of channels comprises seven subfamilies of ligand-gated ion 
channels.11 TRP channels participate in multiple biological processes by sensing different physicochemical stimuli.12,13 

Several family members are expressed in the nervous system and are involved in the modulation of chronic neuropathic 
pain in the DRG and spinal cord.14 TRP canonical 6 (TRPC6) is a nonselective Ca2+ channel protein that is directly 
activated by diacylglycerol15 and is expressed in various tissues, such as the kidney, smooth muscle cells, placenta, and 
brain.13 The physiological role of TRPC6 in the kidney has been extensively studied. For example, TRPC6 can be used to 
balance the Ca2+ concentration of podocytes16 and is susceptible to mechanical stimuli and noxious temperatures.17 The 
TRPC6 channel acts synergistically with TRPV4 and TRPC1 to regulate mechanical hyperalgesia and nociceptor 
sensitization.18 TRPC6 blockers induce strong analgesic actions by suppressing microglia activation and increasing the 
level of proinflammatory cytokines via the p38 signaling pathway.19 Therefore, inhibiting the TRPC6 receptor may be 
a potential therapeutic strategy for patients with neuropathic pain.

Dexmedetomidine (Dex), an alpha-2 (α2) adrenoceptor agonist, is an ideal intravenous drug that has been used 
primarily as an adjunct to clinical anesthesia and ICU sedation.20 It has also been applied to the treatment of neuropathic 
pain, complex pain syndrome, and multimodal analgesia.21,22 However, the molecular mechanism underlying its 
analgesic property remains unclear.20 Previous study have reported that Dex induces an analgesic effect by inhibiting 
spinal P2X7R expression and ERK phosphorylation.23 Zhao et al24 demonstrated that Dex alleviates neuropathic pain 
by inhibiting HMGB1-mediated astrocyte activation and the TLR4/NF-κB signaling pathway. More importantly, Lee 
et al showed that Dex relieves neuropathic pain by inhibiting the expression of TRPV1 and capsaicin-induced Ca2+ 

responses in the DRG.25 Dex effectively reverses cytosolic Ca2+ ion accumulation in the neurons via the TRPV1 and 
TRPM2 pathways.26 Therefore, we speculated that the α2 receptor agonist will be closely related to the TRPC6 channel. 
In the present study, we aimed to investigate whether Dex alleviates neuropathic pain via the TRPC6 pathway in 
the DRG.

Methods
Animals
We used adult male Sprague-Dawley rats weighing 200–250 g (Jinan Pengyue Experimental Animal Breeding Co., Ltd., 
Jinan, China) in this study. Rats were housed under constant conditions of a room temperature of 23 ± 1.5 °C, a humidity 
level of 50%–60%, and a 12 h light-dark cycle. The animals were provided with sufficient food and water. The 
experiments were approved by the Ethics Committee of Qingdao University (Animal Ethical Committee approval 
number: AHQU-MAL20211015) and were performed according to the ethical guidelines for animal experimentation 
of Qingdao University and the IASP’s ethical guidelines.

Neuropathic Pain Model and Drug Administration
The rats were randomly divided into three groups: the sham-normal saline (NS) group, the chronic constriction injury 
(CCI)-NS group, and the CCI-Dex group (Figure 1B). The groups were further divided into subgroups (six rats per 
group) according to timepoint: 1 day before surgery group, 3 days after surgery group, 7 days after surgery group, and 14 
days after surgery group. Rats were allowed to acclimate to the environment before initiating the experiment. The CCI 
model was established under anesthesia with 2% isoflurane. Blunt separation was performed in the middle of the left 
thigh to expose the sciatic nerve trunk. Four ligatures were loosely tied (~1-mm spacing) around the sciatic nerve until 
a slight tremor was observed (Figure 1A).27,28 The sciatic nerve was then carefully placed into the original position. 
Finally, the skin was sutured, and antibiotic cream was applied. The sham-NS group underwent the same surgical 
procedure as the experimental group but without sciatic nerve ligation. Following previous study,29 the CCI-Dex group 
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was injected intraperitoneally with Dex (Jiangsu Hengrui Medicine Co., Ltd.) at a dose of 30 μg/kg once a day from days 
1 to 14 after surgery. The CCI-NS group received an identical volume of saline injection.

Behavioral Testing
Behavioral tests were performed 2 h after drug delivery. To evaluate nociceptive behavior, we evaluated the mechanical 
withdrawal threshold (MWT) in response to mechanical allodynia and thermal withdrawal latency (TWL) in response to 
radiant heat. For the MWT testing, animals were allowed to habituate to their testing environment for at least 30 min 
before the test. Mechanical pain thresholds were determined using the Von Frey filament up-down method.30 A suitable 
starting filament was applied perpendicularly to the plantar surface of the left hind paw for 2–3 s. A positive reaction was 
defined as a sudden withdrawal, shaking, or licking of the hind paw in response to the stimulus. The smallest force that 
produced a positive reaction was recorded as the MWT. This test was repeated twice with a 5-min interval. The hot plate 
test was used to determine TWL. The rats were placed on a hot plate (55 ± 1 °C) and removed as soon as they exhibited 
positive behaviors, such as jumping or licking their paws. The time from being placed on the hot plate to exhibiting 
positive behaviors was recorded. To avoid tissue damage, the maximum heating time was limited to 25s. Two 
measurements were obtained with a 2-min interval.

Quantitative Real-Time Polymerase Chain Reaction (qRT-PCR)
Total RNA was extracted from the lumbar L4–L6 DRG using the RNA Isolater Total RNA Extraction Reagent (Vazyme) 
according to the standard isolation protocol. Subsequently, the total RNA was reverse transcribed using the HiScript III 
1st Strand cDNA Synthesis Kit (+gDNA wiper) (Vazyme). The Cham Q Universal SYBR qPCR Master Mix (Vazyme) 
was used to amplify the reverse transcription products for the PCR. The sequences for the qRT-PCR primers were as 
follows: TRPC6, forward, 5’-GCTCTCATATACTGGTGTGCTCCTT-3’, reverse, 5’-GGAGCTTGGTGCCTTCAAATC- 
3’; GAPDH, forward, 5’-ATGCCGCCTGGAGAAACC-3’, reverse, 5’-GCATCAAAGGTGGAAGAATGG-3’. Relative 
expression was analyzed using the 2^ddCt method.

Western Blot Analysis
DRG tissues were homogenized in RIPA lysis buffer (Beyotime), supplemented with proteinase inhibitor (PMSF, 
Beyotime). After centrifugation at 12,000 rpm for 15 min at 4 °C, the supernatants were collected, and the total protein 
concentration was detected by BCA assay (BCA Protein Quantification Kit, Vazyme). Following denaturation, proteins 
were separated using polyacrylamide gel electrophoresis. The in-gel proteins were then transferred to PVDF membranes 
(Millipore). Subsequently, the membrane was blocked for 2 h with 5% nonfat dry milk in 1X TBST buffer (Solarbio). 

Figure 1 Establishment of the CCI rat model and drug administration. (A) The CCI neuropathic pain model was established in the normal rat. Four loose ligatures were 
loosely tied around the sciatic nerve under anesthesia with 2% isoflurane. The sciatic nerve is the largest in the body that innervates the sensory and motor areas of the 
lower limbs. The sciatic nerve has three major branches: the tibial nerve, sural nerve, and peroneal nerve. (B) The rats were randomly divided into three groups. The rats 
were injected intraperitoneally with Dex or NS (normal saline, in identical volumes) from days 1 to 14 after the surgery.
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The membranes were incubated overnight (12–16 h) at 4 °C with the following primary antibodies: rabbit anti-TRPC6 
(1:1000, Bioss), rabbit anti-Iba-1 (1:500, ABcam), rabbit anti-GAPDH (1:10,000, ABcam), and rabbit anti-β actin 
(1:1000, ABcam). The membrane was incubated for 1 h at room temperature with a second antibody (1:5000, goat anti- 
rabbit, Elabscience) the next day. Protein bands were visualized using an Omni-ECL™Pico Light Chemiluminescence 
Kit (Epizyme), and images were acquired using the Automatic chemiluminescence image analysis system (Tannon). The 
data were analyzed using the Image J software (Image J 1.4, NIH, USA).

Immunofluorescence
Immunofluorescence staining was performed on the DRG tissues. Sections of DRG tissue were fixed in 4% paraformal
dehyde. The fixed tissues were then embedded in paraffin and sectioned. Paraffin sections were deparaffinized and 
rehydrated. Double immunofluorescence staining was performed as per the standard protocol. After washing three times 
with PBS, the DRG sections were blocked in 3% bovine serum albumin for 30 min. Sections were incubated overnight at 
4 °C with the primary antibodies of rabbit anti-TRPC6 (1:100, Proteintech) and rabbit anti-Iba-1 (1:3000, Abcam), 
followed by goat anti-rabbit antibody marked with HRP (Servicebio, 1:500) for 50 min at room temperature. The slides 
were incubated with TSA-FITC (Servicebio, 1:500) solution for 10 min in the dark. Microwave treatment was applied to 
remove the primary and secondary antibodies combined with the tissue. The sections were then incubated with an anti- 
NeuN antibody (Servicebio, 1:500) overnight at 4 °C. Subsequently, the sections were incubated in the dark for 50 min 
with goat anti-rabbit TSA-CY3 (Servicebio, 1:300), followed by DAPI staining for 10 min. The images were acquired at 
400× magnification using a fluorescence microscope (Nikon, NIKON ECLIPSE C1) and scanned with Pannoramic 
DESK (Budapest, Hungary).

Enzyme-Linked Immunosorbent Assay (ELISA)
Inflammatory cytokines (TNF-α, IL-1β) were quantified using an ELISA kit for TNF-α and IL-1β rats (Boster). Fresh 
DRG tissues were homogenized, and the supernatant was collected. The procedure was performed according to the 
instructions included with the ELISA kit. Finally, the absorbance values of each well were measured at 450 nm using 
a microplate reader (Thermo Scientific).

Statistical Analysis
GraphPad Prism 8 (Graph Pad Software Inc., San Diego, USA) and Microsoft Excel 2019 (Microsoft, Redmond, USA) 
were used for all statistical analyses. All individual data in the figures are presented as means ± standard errors of the 
mean. The normality of data was tested using the D’Agostino and Pearson omnibus normality test. MWTs and TWLs at 
various time periods were analyzed using a two-way analysis of variance (ANOVA). The Bonferroni test was used for 
multiple comparisons. For qRT-PCR, Western blot, immunofluorescence, and ELISA data, significant differences 
between the three groups were determined by one-way ANOVAs with Dunnett’s multiple comparisons. A p ≤ 0.05 
was considered significant.

Results
Dex Attenuated CCI-Induced Mechanical and Thermal Hyperalgesia
The baseline threshold of mechanical allodynia and thermal hyperalgesia were measured 1 day before the CCI operation. 
A decrease in hypersensitivity was observed (3.26 ± 0.24, p < 0.001, vs sham group) in the CCI group 7 days after the 
operation (Figure 2A). The day after the surgery, the heat pain threshold of the CCI group decreased to 11.3 ± 0.5 (p < 
0.001, vs sham group) (Figure 2B). Dex was administrated intraperitoneally once per day for 14 consecutive days. The 
behavioral tests were performed 2 h after Dex administration to avoid the confound of sedation. Compared with the CCI 
group, both mechanical and heat pain thresholds of the Dex group were higher after the administration of Dex. Seven 
days after modeling, Dex significantly increased the mechanical pain threshold to 5.972 ± 0.82 g (p < 0.05 vs CCI-NS 
group). In addition, the heat pain threshold rose to 9.19 ± 0.37 s (p < 0.01 vs CCI group). The was a clear continuous 
increase in mechanical and thermal thresholds after 7 days of Dex administration.
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Dex Inhibited CCI-Induced TRPC6 Upregulation in the DRG
In subsequent experiments, TRPC6 mRNA expression was analyzed by qRT-PCR at different time points after the 
operation. As shown in Figure 3A, the expression of TRPC6 gradually increased over time. Compared with the −1 day 
CCI-NS group, TRPC6 expression in the CCI-NS group at 7 days increased by 1.92 ± 0.28 fold (p < 0.01), and that in the 
CCI-NS group at 14 days increased by 2.46 ± 0.16 fold (p < 0.001). The upregulation of TRPC6 (1.99 ± 0.12, p<0.001, 
vs sham-NS group) mRNA significantly decreased after 7 days of drug treatment (1.54 ± 0.13, p < 0.05, vs CCI-NS 
group; Figure 3B). In addition, protein expression of TRPC6 was verified by Western blot analysis (Figure 3C). A 106- 
kDa band was detected in the DRG tissue after 7 days. The level of TRPC6 in the CCI group increased by 1.41 ± 0.07 
fold (p < 0.01 vs sham-NS group), and TRPC6 expression decreased significantly to 1.03 ± 0.09 (p < 0.05 vs CCI-NS 
group). We were also interested in the expression location of the TRPC6 protein. Seven days after the CCI operation, we 
performed double-immunofluorescence staining on the DRG tissues for TRPC6 and NeuN. TRPC6/NeuN labeling 
revealed that TRPC6 was predominately expressed in neurons (Figure 3D). TRPC6 fluorescence intensity increased by 
1.3 ± 0.02 fold (p < 0.001) compared with that of the sham-NS group, and following Dex administration, the fluorescence 
intensity decreased by 1.11 ± 0.04 fold (p < 0.001, vs CCI-NS group).

DRG Microglia Proliferation Was Inhibited by Dex Administration
Peripheral neuroimmune cells play an important role in chronic pain. In the present study, the effect of Dex on the 
activation of peripheral immune cells was examined using the microglial Iba-1 marker in the DRG 7 days after the CCI 
operation. The Western blot results showed that Iba-1 expression in the CCI-NS group increased by 1.80 ± 0.19 fold 
(p < 0.01) compared with that in the sham-NS group. Similarly, Iba-1 protein expression in the CCI-Dex group 
decreased significantly (1.27 ± 0.1, p < 0.001, vs CCI-NS group; Figure 4A). Considerable proliferation was observed 
around the neurons in the CCI-NS group, whereas microglia were barely visible in the CCI-Dex group (indicated by the 
arrow in Figure 4B). These findings suggested that immune cell proliferation around neurons was inhibited in the CCI- 
Dex group.

Proinflammatory Cytokines Were Downregulated After Dex Administration
The imbalance of cytokines has been associated with neuroinflammation in neuropathic pain. After 7 days, we 
investigated the CCI-induced changes in TNF-α and IL-1β and the influence of Dex on cytokines. The ELISA results 
are shown in Figure 5. Expression levels of TNF-α (596.1 ± 67.82 pg/mL) and IL-1β (1367 ± 109.5 pg/mL) in the DRG 
of the CCI group were significantly higher than in the sham-NS group (TNF-α: 310.5 ± 36.72 pg/mL, p < 0.001; IL-1β: 

Figure 2 Dexmedetomidine alleviated CCI-induced mechanical and thermal hyperalgesia. (A) The mechanical threshold was significantly decreased in the ipsilateral hind 
paw from the first day following surgery. Mechanical hyperalgesia worsened over time. During the 5 days following the CCI operation, there was no significant difference 
between the CCI-NS and CCI-Dex groups. Compared with the CCI-NS group, plantar mechanical hyperalgesia thresholds were lower in the CCI-Dex group from 1 week 
after Dex administration. (B) A similar trend was also observed for thermal thresholds. Compared with the sham group, the withdrawal latency of the affected side from the 
thermal stimulus was lower in the CCI group. Thermal withdrawal latency was increased in the contralateral paw following the administration of Dex 7 days after surgery. 
***p < 0.001 vs sham-NS group. #p < 0.05, ##p < 0.01, ###p < 0.001 vs CCI-Dex group. n = 6.
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707.1 ± 25.91 pg/mL, p < 0.001). The inflammatory cytokines were attenuated after 7 days of Dex treatment (TNF-α: 
361.3 ± 17 pg/mL, p < 0.01, vs CCI-NS group; IL-1β: 869.6 ± 62.53 pg/mL, p < 0.001, vs CCI-NS group).

Effects of Dex on the Downstream p38 Mitogen-Activated Protein Kinase (MAPK) 
Signaling Pathway
Investigations focusing on the downstream signaling pathway have suggested an intimate link between the MAPK 
pathway and neuropathic pain.31 However, Western blot analysis showed that normalized p38 expression did not 
significantly change in any of the three groups (Figure 6A). Further experiments revealed that normalized phosphorylate 
p38 was significantly increased (1.59 ± 0.09, p < 0.01 vs sham-NS group) in the CCI-NS group and decreased by Dex 
administration (1.21 ± 0.1, p < 0.05 vs CCI-NS group; Figure 6B). This suggested that Dex inhibits p38 phosphorylation, 
rather than p38 total protein, in the DRG, which is associated with TRPC6 expression in neuropathic pain.

Figure 3 Dexmedetomidine inhibited CCI-induced TRPC6 upregulation in the DRG. (A) The results of the qRT-PCR showed that the expression of TRPC6 in the CCI-NS 
group gradually increased over time. Group comparisons were performed on day 7 of Dex administration. (B) The qRT-PCR analyses demonstrated that the expression of 
TRPC6 mRNA was inhibited in the CCI-Dex group. (C) Western blot analysis showed that the increase in CCI-induced TRPC6 expression can be partially reversed by 
intraperitoneal injection of Dex. (D) Triple-labeled staining of DRG tissue with TRPC6, Iba-1, and DAPI 7 days after CCI operation. The first column shows the expression of 
TRPC6 in the DRG of the sham group. TRPC6 was mainly distributed in the membrane and cytosol of NeuN-labeled neuronal cells. The second column shows that the 
expression of TRPC6 was increased in the CCI-NS group. The third column shows that the expression of TRPC6 was reversed in the DRG treated with Dex. Results of the 
fluorescence images of TRPC6 were analyzed using the ImageJ software. *p < 0.05, **p < 0.01, ***p < 0.001. n = 6–8. scale bar = 20 μm.
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Discussion
In the present study, we demonstrated that consecutive intraperitoneal administration of Dex alleviates CCI-induced 
mechanical allodynia and thermal hyperalgesia by suppressing TRPC6 expression and reducing the neuroinflammatory 
response in the DRG.

Neuropathic pain is a common chronic pain condition that is characterized by spontaneous pain and hyperalgesia and 
is challenging to treat.32 Constant pain has a significant impact on quality of life and often contributes to the development 
of emotional disorders, such as depression, anxiety, and insomnia.33,34 The primary causes of neuropathic pain are nerve 
injuries caused by infection, diabetes, cancer, chemotherapy, and surgery.35 The mechanism underlying neuropathic pain 
is complex and includes nociceptor autosensitization,36 excitation–inhibition imbalance in neural circuits,37 neuroim
mune–glia interactions38 (eg, macrophages39 and microglia40), and synaptic plasticity.41 Moreover, the most commonly 
used analgesics are not effective. Therefore, developing more potential therapeutic candidates for the treatment of 
neuropathic pain is crucial.

Figure 4 DRG microglia proliferation was inhibited by dexmedetomidine administration. (A) Western blot analysis showed that the CCI-induced increase in Iba-1 
expression can be partially reversed by Dex administration. (B) Different columns represent the sham-NS, CCI-NS, and CCI-Dex groups. TRPC6 is labeled green, Iba-1 red, 
and nuclei are counterstained with DAPI (blue). The first column shows the increase in the expression of Iba-1 in the CCI-NS group. Scale bar = 20 μm. Abundant peripheral 
immune cells were observed around the neurons of the CCI-NS group, and the number of participating cells was markedly reduced after Dex therapy. Scale bar = 10 μm. 
*p < 0.05, **p < 0.01. n = 4–6.

Figure 5 The levels of proinflammatory cytokines were downregulated after 7 days of dexmedetomidine administration in the ipsilateral DRG. (A) The concentration of 
TNF-α in each group was detected using the ELISA kit. The increased expression of TNF-α was significantly reduced by Dex in the DRG. (B) The concentration of IL-1β in 
the three groups. The concentration of IL-1β was increased in the CCI-NS group, which was suppressed by Dex. **p < 0.01, ***p < 0.001. n = 6.
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Noxious stimuli are initially detected by peripheral nociceptors and subsequently transmitted to primary afferent 
neurons, the spinal cord, and finally to specific brain regions.42 It is becoming increasingly clear that there is a close 
connection between TRP channels and Somatosensation.10 TRP channels are nonselective cation channels with a six 
transmembrane domain topology. The current study confirmed that TRP expression is associated with the production of 
pain, including cold allodynia and mechanical and thermal hyperalgesia.43 TRPC6, a Ca2+ permeable mechanosensitive 
cation channel, is ubiquitously expressed in the nervous system, smooth muscle tissues, kidneys, and immune cells.44 

TRPC6 is involved in the regulation of a multitude of biological processes, such as smooth muscle contraction,45 

glomerular filter integrity,46 and mechanical hyperalgesia.47 Table 1 shows the role of the TRPC6 ion channel in models 
of chronic pain. The TRP ion channel family has recently gained attention because of its ability to modulate intracellular 
Ca2+ concentrations and cellular electrical activity.48 Wang et al demonstrated that intrathecal larixyl acetate induces 
analgesic and anti-inflammatory action by suppressing TRPC6 and p38 signaling of the spinal cord following spared 
nerve injury.19 The TRPC6 channel also plays an essential role in chemotherapy-induced neuropathic pain and the 
diabetic neuropathic pain model.17,49 Our behavioral results showed that intraperitoneal injection of Dex effectively 
alleviated mechanical and thermal hyperalgesic reactions for 7 days. Moreover, the qRT-PCR, Western blot, and 
immunofluorescence results demonstrated that TRPC6 was partly suppressed by Dex. Therefore, Dex can decrease 
TRPC6 expression in the DRG, which may reflect the mechanism underlying the analgesic effect.

Microglia are involved in the development and maintenance of neuropathic pain.8 Furthermore, the activation of 
microglia is associated with an increase in intracellular Ca2+ ion concentration.51–53 Ca2+ homeostasis plays a critical role 
in the neuroprotective effects and inhibition of microglial activation.54 Pro-brain-derived neurotrophic factor regulates 
Ca2+ ion concentration in microglia, which alleviates the inflammatory response in the brain.55 It has also been shown 
that TRPC6 is expressed in microglia and upregulated by LPS stimulation.19 In addition, microglia are present in the 
DRG as well as the central nervous system.56 Thus, we used Iba-1 to mark microglia. Notably, we found significant 
microglia proliferation around the neurons in the CCI group. Peripheral immune cells, including macrophages, astro
cytes, and microglia, contribute to neuropathic pain. However, in the DRG, Iba-1 was not used as an exclusive marker of 
microglia. Therefore, our findings demonstrated that the proliferation of peripheral immune cells was inhibited by Dex. 
Further investigations are warranted to understand the specific cell type that has the potential to relieve pain by Dex 
administration.

Neuropathic pain is associated with neuroinflammation. Pro-inflammatory cytokines, such as TNF-α and IL1-β, play 
an essential role in inflammation. Moreover, the p38 MAPK pathway has been shown to be involved in the 

Figure 6 The effects of dexmedetomidine on the downstream p38 MAPK signaling pathway. (A) Western blot analysis showed that p38 expression did not significantly 
change in any of the three groups. (B) Phosphorylate p38 was significantly increased in the CCI model, which was suppressed by Dex. *p < 0.05, **p < 0.01. n = 4–6.
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neuroinflammatory response.57 The level of phosphorylated p38 has been linked to microglia activation and the 
development and maintenance of chronic pain.31,58 Several studies have found that both sanguinarine and acupuncture 
attenuate neuropathic pain by inhibiting the p38 MAPK pathway.59,60 Furthermore, TRPC6 may be implicated in 
inflammation via the p38 MAPK pathway.61,62 In our study, we suggest that the analgesic effect of Dex was related to 
the inhibition of p38 phosphorylation and proinflammatory cytokines.

Our study has several limitations worth mentioning. First, to reveal the underlying mechanisms of Dex, we used 
a single dose based on previous literature. The appropriate Dex dose to prevent neuropathic pain will be evaluated in 
future studies. Second, the mechanisms underlying the influence of Dex on TRPC6 have not yet been clarified. We 
speculate that α2-adrenergic receptor activation affects Ca2+ influx and microglial proliferation via the TRPC6 channel. 
We plan to use whole-cell patch-clamp techniques to detect the opening rate of the TRPC6 channel. Furthermore, 
because the DRG is composed of various types of neurons, determining the neuronal type that is primarily affected is 
important. Sex differences also need to be considered. Overall, this field of research is still in the nascent stages, and 
further studies are needed.

In conclusion, our study suggested that Dex alleviates mechanical allodynia and thermal hyperalgesia in the CCI rat 
model by inhibiting the expression of TRPC6 in the DRG, which is associated with reduced p38 phosphorylation. 
Moreover, Dex administration attenuated the inflammatory response and proliferation of peripheral immune cells. 
Additional research is required to better understand the mechanism underlying neuropathic pain.

Table 1 The Role of TRPC6 Ion Channel in Models of Chronic Pain

Model Drugs Receptor Expression Pathway Function Tissue Species Gender 
Sex

Reference

DNP TRPC6-AS TRPC6 ↑ BDNF/ 

TRPC6

Inhibition of TRPC6 alleviated 

mechanical allodynia and calcium 

influx in DRG neurons

L4-6 DRG 

and spinal 

cord

Sprague- 

Dawley 

rats

Male 

Adult

[17]

DNP Hydrogen 

sulfide 

(H2S)

TRPV1/ 

TRPA1/ 

TRPC6

↑ CBS/ 

TRPV1/ 

TRPA1/ 

TRPC6

CBS enzyme inhibitors or TRP- 

channel blockers could reverse 

diabetes-induced mechanical 

hypoalgesia

L4-6 DRG Wistar rats Female 

Adult

[50]

SNI Larixyl 

acetate

TRPC6 ↑ TRPC6- 

p38MAPK

TRPC6 inhibitor can suppress 

microglial activation with analgesic 

and anti-inflammatory properties

Lumbosacral 

spinal cord

Sprague- 

Dawley 

rats

Male 

Adult

[19]

CIPN TRPC6 

siRNA or 

PAX6 

siRNA

TRPC6 ↑ PAX6/ 

TRPC6

PAX6 in DRG neurons contributed 

to the up-regulation of TRPC6 and 

mechanical allodynia induced by 

chemotherapeutics

L4-6 DRG Sprague- 

Dawley 

rats

Male 

Adult

[49]

IS GsMTx-4/ 

TRPC6-AS

TRPC1/ 

TRPC6/ 

TRPV4

↑ TRPC1/ 

TRPC6/ 

TRPV4

TRPC1 and TRPC6 channels 

cooperate with TRPV4 channels to 

participate in primary afferent 

nociceptor sensitization and 

mechanical hyperalgesia

L5-6 DRG Sprague- 

Dawley 

rats

Male 

Adult

[18]

MIH TRPC6 

siRNA

TRPC6 ↑ TRPC6/ 

NF-κB

Inhibiting TRPC6 channels inhibits 

neuroimmune activation and the 

expression of CaMKII and nNOS in 

the spinal cord, as well as 

morphine-induced tolerance and 

hyperalgesia.

L5 lumbar 

spinal cord

Sprague- 

Dawley 

rats

Male 

Adult

[47]

Abbreviations: DNP, diabetic neuropathic pain; SNI, spared nerve injury; CIPN, chemotherapy-induced peripheral neuropathy; IS, inflammatory soup; MIH, morphine- 
induced hyperalgesia; TRPC6-AS, canonical transient receptor potential 6-antisense; BDNF, brain-derived neurotrophic factor; GsMTx-4, grammostola spatulata mechan
otoxin 4; PAX6, predicted paired box 6; TRPV1, transient receptor potential vanilloid 1; TRPV4, transient receptor potential vanilloid4; TRPA1, transient receptor potential 
ankyrin 1; TRPC1, canonical transient receptor potential 1; CBS, cystathionine beta-synthase; p38MAPK, p38 mitogen-activated protein kinase; DRG, dorsal root ganglia; ↑, 
upregulation.
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