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Background: Deeper understanding of the mechanisms of postoperative pain is critical for developing more effective pain manage-
ment strategies. The present animal study explored the function of four p38 mitogen-activated protein kinase (MAPK) subclasses (α, β, 
γ, and δ) in dorsal root ganglion (DRG) in the development of post-incisional pain hypersensitivity.
Methods: The amount of p38 MAPK subclass mRNA in the DRG of male Sprague-Dawley rats was quantified using real-time PCR. 
Localization of p38 MAPK expression was analyzed by immunohistochemistry using subclass-selective antibodies. The effects of a p38α 
MAPK inhibitor on plantar incision-induced pain hypersensitivity was assessed using behavioral tests to measure mechanical and thermal 
sensitivity. The impact of the inhibitor on phosphorylated p38 MAPK expression was also analyzed by immunohistochemistry.
Results: Four p38 MAPK subclass mRNA were identified in the DRG, with p38α, β, and γ MAPK showing significant expression. 
p38α and γ MAPK were identified in the DRG neurons, whereas p38β MAPK was distributed in satellite glial cells. Selective 
inhibition of p38α MAPK reduced both mechanical and thermal hypersensitivity following plantar incision. Treatment with the p38α 
MAPK inhibitor decreased the expression of phosphorylated p38 MAPK in the DRG.
Conclusion: These results demonstrated the distinct roles of p38 MAPK subclasses in the DRG, with p38α MAPK playing 
a dominant role in the development of pain hypersensitivity after tissue injury. Targeting p38α MAPK might be a promising 
therapeutic strategy for managing postoperative pain.
Keywords: p38 MAPK, tissue injury, hyperalgesia

Introduction
Despite recent advances in pain management, many surgical patients experience severe postoperative pain.1,2 Inadequate 
management of postoperative pain is associated with impaired rehabilitation, prolonged duration of hospital stay and 
adverse events.3 Their majorities are nociceptive, and most of the nociceptive pain can be treated by opioids. However, 
there is a challenge to use opioids for postoperative patients since their use carries the risk of adverse effects, tolerance, 
and addiction.4 Hence, continued research to examine the mechanisms of postoperative pain is essential for developing 
novel pain management strategies.

Tissue injury during surgery causes sensitization of primary afferents,5 causing functional changes in the primary 
afferent neurons in the dorsal root ganglion (DRG). Pro-inflammatory cytokines and neurotrophic factors are synthesized 
in damaged tissue, leading to an increase in neuronal excitability.6,7 Activation of intracellular signal transduction plays 
a crucial role in this increased excitability. Phosphorylation of p38 mitogen-activated protein kinase (p38 MAPK) is one 
of the major signaling pathways in the primary afferent neurons.8 Phosphorylated p38 MAPK increases up-regulation of 
the sodium channel and neuropeptide expression and enhances neuronal excitability. p38 MAPK is involved in the 
pathophysiology of chronic pain after the nerve injury.9 In addition, p38 MAPK is phosphorylated in the DRG after the 
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plantar incision, and its inhibition abolishes incision-induced pain hypersensitivity10,11 and pain chronicity.12 Despite the 
critical role of p38 MAPK was evident by preclinical evidences, development of p38 MAPK inhibitory drug has been 
unsuccessful due to unacceptable safety profiles.13 Subclass selective information is required to develop clinically 
feasible p38 inhibitor as analgesic drug.14

There are four known p38 MAPK subclasses (α, β, γ, and δ), which have similar amino acid sequences but distinctive 
activation mechanisms and downstream molecules.15 Their expression shows distinctive distribution in arthritis tissue.16 

In the spinal cord, p38α and β MAPK have been identified in the neurons and glial cells of the dorsal horn, and their role 
in the development of pain hypersensitivity has been characterized.17,18 However, the expression and relative functions of 
the four p38 MAPK subclasses have not been examined in the DRG.

In the present study, we analyzed the expression of p38 MAPK subclasses in the rat DRG. We also investigated the effect 
of selective p38α MAPK inhibition on pain hypersensitivity and the phosphorylation of p38 MAPK after plantar incision.

Experimental Procedures
The experimental procedures were approved by the Kyoto Prefectural University of Medicine Animal Care Committee. 
All experiments were conducted in accordance with the guidelines of the National Institutes of Health, Science Council 
of Japan and the International Association for the Study of Pain.19

Male Sprague-Dawley rats (200–250 g, 6–8 weeks, Shimizu Laboratory Material), housed three rats per cage under 
a 12-hourly light/dark cycle, were the subjects of the experiments. The surgical procedures were performed under general 
anesthesia with 2% isoflurane. Animals have been randomly assigned to an experimental group. Sample size of each 
experimental group has been determine based on our previous studies. Male rats were used for these experiments since 
previous study showed lack of p38α and β MAPK signal involvement in the development of hyperalgesia in female rats.

Experiment 1: Expression and Localization of p38 MAPK Isoforms in the DRG
The expression levels of the four p38 MAPK isoforms were quantified by real-time PCR. For this, the left L5 DRGs were 
collected from untreated rats under deep anesthesia. RNA was extracted from the DRG using Trizol reagent (Thermo 
Fisher Scientific, Waltham, MA, USA). cDNA was synthesized from 1 µg of RNA using qPCR RT Master Mix 
(TOYOBO, Osaka, Japan). Quantitative RT-PCR was performed with a SYBR green master mixture kit, StepOnePlus 
(Thermo Fisher Scientific). The primer pairs used in this study are shown in Table 1. For thermal cycling, samples were 

Table 1 Primers for Real-Time PCR Used in This 
Study

p38α
Forward 5’-CCGCCTCAGTATGCAGTCCA-3’
Reverse 5’-GCCACATGTGCAAAGGCATC-3’

p38β
Forward 5’-CCCAGCAATGTAGCAGTGAATGA-3’

Reverse 5’-CCATGATGCAGCCCACAGA-3’

p38γ
Forward 5’-AAACCTGGCTGTGAACGAGGAC-3’

Reverse 5’-CGATACCACCGGGTTACCACATA-3’

p38δ
Forward 5’-GATCCTCAGCTGGATGCATAACAA-3’
Reverse 5’-CAGTCACTTTCAGGATCTGGGTCA-3’

GAPDH
Forward 5’-GGCACAGTCAAGGCTGAGAATG-3’

Reverse 5’-ATGGTGGTGAAGACGCCAGTA-3’
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first incubated at 95°C for 10 min. Each PCR cycle consisted of heating at 95°C for 15 seconds, followed by annealing 
and extension at 60°C for 1 minute. Samples were analyzed in duplicate. In order to standardize inter-individual variation 
of DRG tissue volume and RNA extraction efficacy, relative mRNA expression levels were calculated using the standard 
curve method and standardized against glyceraldehyde-3-phosphate dehydrogenase (GAPDH).

Using isoform-specific antibodies, immunohistochemistry was performed to identify the distribution of p38 MAPK 
isoform expression. Rats were perfused transcardially with 0.9% NaCl and 10% neutralized formalin (Wako Pure 
Chemical Industries, Ltd., Osaka, Japan). The left L5 DRGs were collected from untreated rats and cryoprotected in 
20% sucrose in a 0.1 M phosphate buffer (PB, pH 7.4) at 4°C overnight. The DRG was cut using a cryostat (10 µm, 
Leica Biosystems, Nussloch, Germany). Sections were incubated with Blocking One P (Nacalai Tesque Inc., Kyoto, 
Japan) at room temperature for 30 minutes prior to the primary antibody incubation.

To determine the characteristics of DRG cells that express p38α, β, or γ MAPK double-labeling immunohis-
tochemistry with the neuronal marker neuronal nuclei (NeuN) or glial marker 3-phosphoglycerate dehydrogenase 
(3PGDH) was performed. Sections were incubated with p38α MAPK Rabbit Ab (1:200, Cell Signaling Technology) 
and anti-NeuN (1:100 Merck Millipore), p38β MAPK Rabbit Ab (1:100, Cell Signaling Technology) and anti- 
3PGDH (1:400 Merck Millipore) or p38γ MAPK antibody (1:200, Cell Signaling Technology) and anti-NeuN (1:100 
Merck Millipore) in 0.1 M tris buffered saline (TBS) containing 0.1% Tween 20 and 1% blocking reagent at 4°C for 
three days. Sections were then incubated overnight at 4°C with Cy3 conjugated anti-rabbit (1:100 Merck Millipore) 
and FITC-conjugated anti-mouse (1:1000, Merck Millipore) secondary antibodies in 0.1 M TBS. 
Immunohistochemistry signals were visualized using a fluorescence microscope equipped with a digital camera 
system (Nikon, Tokyo, Japan).

Experiment 2: Effect of p38α MAPK Inhibitors on Plantar Incision-Induced Pain 
Hypersensitivity
Rats were randomly divided into the VX-702 group or vehicle group (N=5 for each group). In the VX-702 group, VX- 
702 (p38α MAPK inhibitor, 20 mg/kg dissolved in 10% dimethyl sulfoxide, Tokyo Chemical Industry Co., Ltd., Tokyo, 
Japan) was administered intraperitoneally, and the vehicle group received the same amount of 10% dimethyl sulfoxide. 
All animals received plantar incision, and treated with VX-702 or vehicle prior to, day 1 and day 2 after the incision. 
Behavioral analysis was performed before drug administration on day 0 and 2 hours after drug administration on day 1 
and 2; only behavioral analysis was performed on day 5. In order to explore effect of VX-702 in different dose, rats were 
randomly assigned into the VX-702 10 mg/kg, 20 mg/kg, 50 mg/kg and vehicle groups. Rats were treated with VX-702 
or vehicle prior to and day 1 after the incision.

The behavioral analysis was performed by a single researcher (D.I.) who was blinded to the experimental conditions. 
Noxious mechanical sensitivity was assessed by measuring withdrawal thresholds against stimulation using von Frey 
filaments. For this, the animals were placed in a clear plastic chamber on a transparent elevated wire grid and allowed to 
move freely. After the animals were acclimated, withdrawal responses to mechanical stimuli were measured. A calibrated 
von Frey monofilament set (Muromachi Machinery, Tokyo, Japan) was used to measure the withdrawal responses to 
mechanical stimuli. The von Frey filament stimulus was applied from the incision point of the left paw. In this 
experiment, the lowest force that caused a clear withdrawal response at least twice in 10 stimuli was defined as the 
threshold. To avoid tissue damage, a cut-off stimulus value of 26 g was set before the experiment.

Noxious heat sensitivity was determined as the latency time for withdrawal against radiant heat (Ugo Basile, 37370, 
Italy). For this, rats were allowed to adapt in transparent plastic cages placed on a glass floor. The left hind paw was then 
exposed to a focused subfloor radiant heat source. To avoid burns, a cut-off latency of 20 seconds was set prior to the 
experiment. Each rat was tested three times at 5-minute intervals, and the mean of the three values was used as the 
withdrawal latency.
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Experiment 3: Effect of the p38α MAPK Inhibitor on the Expression of Phosphorylated 
p38 MAPK After the Plantar Incision
Rats were randomly divided into naive, vehicle, and VX-702 groups (N=5 for each). In the VX-702 group, the p38α 
MAPK inhibitor, VX-702 (20 mg/kg dissolved in 10% dimethyl sulfoxide), was administered intraperitoneally, following 
which a plantar incision was made. Treatment dose of VX-702 was decided according to the previous studies.20 The 
vehicle group received the same amount of 10% dimethyl sulfoxide intraperitoneally followed by the plantar incision. 
Naive animals did not receive any treatment. On day 1, the left L5 DRG was collected and processed for immunohis-
tochemistry to analyze phosphorylated p38 (p-p38) MAPK expression.

L5 DRG sections from rats of all three groups were incubated at 4°C for three days with p-p38 MAPK antibody 
(1:200, Cell Signaling Technology) in 0.1 M TBS containing 0.1% Tween 20 and 1% blocking reagent for 3 days. After 
washing with PBS, the sections were incubated overnight at 4°C with Cy3 conjugated anti-rabbit secondary antibody 
(1:100 Merck Millipore, Billerica, MA, USA) in 0.1 M TBS.

Plantar Incision Model
A plantar incision model was used in this study.21 A 1 cm long incision was made on the left plantar surface of the 
hindfoot 0.5 cm from the heel edge, and the skin, fascia, and plantaris muscle were penetrated with a No. 11 surgical 
blade. The skin was closed with 5–0 nylon sutures.

Assessment of Immunohistochemistry
The signal intensity of immunohistochemistry for p-p38 MAPK and the cell size of each DRG neuron were calculated 
using Image J software (National Institute of Mental Health, Bethesda, MD, USA) on a Windows computer system. The 
mean signal intensity and cross-sectional area of neurons with DAPI-positive nuclei were calculated. First, ROIs of all 
neurons present in the tissue were obtained by hand tracing. The ROIs were then applied to phospho-p38 MAPK stained 
images. This operation yielded the signal intensity and cross-sectional area of individual neurons present in the tissue. 
The relative signal intensity (RSI) of each neuron was calculated by subtracting the background signal intensity. Based on 
the scatterplot showing the relationship between RSI and cross-sectional area, we defined RSI = 50 as the borderline 
value to determine positive immunoreactivity in each neuron.

Statistical Analysis
Statistical analyses were performed using the Mann–Whitney test, Kruskal–Wallis test with Dunn’s multiple comparison 
test, or a two-way ANOVA with Bonferroni’s post-test on GraphPad Prism7 (GraphPad Software, La Jolla, CA, USA). 
Values of p < 0.05 were considered statistically significant. All data are presented as the mean ± SEM.

Results
Experiment 1: Expression and Localization of p38 MAPK Isoforms in the DRG
The results of real-time PCR analysis are shown in Figure 1A. We detected a considerable amount of p38α, β, and γ 
MAPK mRNA in the DRG. In contrast, the expression level of p38δ MAPK was significantly lower than that of the other 
three isoforms. Further analysis of the distribution of p38α, β, and γ MAPK expression by double-labeling immunohis-
tochemistry showed that the expression of p38α MAPK was detected in NeuN-positive neurons (Figure 1B), whereas the 
expression of p38β MAPK was detected in 3PGDH-positive cells (Figure 1C). Expression of p38γ MAPK was also 
detected in NeuN-positive neurons (Figure 1D).

Experiment 2: Effect of the p38α MAPK Inhibitor on Plantar Incision-Induced Pain 
Hypersensitivity
Figure 2A demonstrates the results of mechanical hyperalgesia measured as the withdrawal threshold against von Frey 
stimulation. Behavioral analysis revealed that plantar incision induced a reduction of mechanical threshold against von 
Frey stimulation 1 day after the incision in the vehicle group. The mechanical hyperalgesia continued for at least 5 days 
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after the treatment. Compared to the vehicle group, the mechanical threshold was significantly higher 1 and 2 days after 
the incision in the 20 mg/kg of VX-702 treated group. However, the mechanical threshold 5 days after the treatment was 
similar between the VX-702 and vehicle groups. Figure 2B demonstrates the results of thermal hyperalgesia evaluated as 
the latency time against radiant heat stimulation. Radiant heat latency was significantly reduced 1 day after the incision in 
the vehicle group, the reduction in heat latency returning to normal levels 5 days after the treatment. Heat latency was 
significantly longer in the 20 mg/kg of VX-702 treated group 1 day after the treatment, although no significant difference 
was observed between the VX-702 and vehicle groups 2 days and 5 days after the treatment.

Figure 2C shows the effect of different dose (10, 20 and 50 mg/kg) of VX-702 on mechanical sensitivity one day after 
the plantar incision one day after the incision. The 50 mg/kg and 20 mg/kg groups had significantly higher mechanical 

Figure 1 Expression of p38α, β, γ, and δ MAPK in the DRG. (A) p38α, β, γ, and δ MAPK mRNA expression in naive DRGs. p38α MAPK mRNA was used as the calibrator 
sample. The amount of p38δ MAPK mRNA expression was significantly smaller than that of p38α, β, and γ MAPK mRNA. No significant differences in the amounts of p38α, 
β, and γ MAPK mRNA were observed. N = 5 for each. ****p < 0.0001. (B) Double-labeling immunohistochemistry for p38α MAPK and NeuN in the DRG. The majority of 
p38α MAPK expression was detected in NeuN-positive cells. Scale bar = 50 µm. (C) Double-labeling immunohistochemistry for p38β MAPK and 3PGDH in the DRG. The 
majority of p38β MAPK expression was co-localized with 3PGDH. (D) Double-labeling immunohistochemistry for p38γ MAPK and NeuN in the DRG. The majority of p38γ 
MAPK expression was co-localized with NeuN.
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thresholds compared to the vehicle group. In contrast, the mechanical threshold of 10 mg/kg group was similar to the 
vehicle group. Figure 2D shows the effect of VX-702 on thermal sensitivity one day after the plantar incision with 
different dose (10, 20 and 50 mg/kg) one day after the incision. The heat latency was significantly longer in the 50 mg/kg 
group and the 20 mg/kg group compared to the vehicle group. In contrast, there was no significant difference between the 
10 mg/kg and vehicle groups. Figure 2E demonstrates the timeline of the experimental procedure.

No symptoms of motor nerve blockade were observed in rats treated with 20 mg/kg of VX-702. Two hours after adminis-
tration, there was no significant difference in the forward reflection time between the naive group and the 20 mg/kg group.

Experiment 3: Effect of the p38α MAPK Inhibitor on the Expression of Phosphorylated 
p38 MAPK After the Plantar Incision
In all three groups, naive, vehicle, and VX-702, p-p38 MAPK expression was mainly observed in the DRG neurons 
(Figure 3A). The signal intensity of p-p38 MAPK in neurons in each of the three groups is shown in Figure 3B. Neurons 
with intense p-p38 MAPK signals were observed in the vehicle group. The percentage of p-p38 MAPK positive neurons 
was significantly higher in the vehicle group than in the naive and VX-702 groups (Figure 3C).

Figure 2 Behavioral testing demonstrating the effect of the p38α MAPK inhibitor (VX-702) on pain hypersensitivity after the plantar incision. (A) Withdrawal threshold 
against mechanical stimulation. In the vehicle group, plantar incision induced a decline of the threshold. In the VX-702 group, the threshold was significantly higher on day 1 
and day 2 after the incision, compared to the vehicle group. N = 5 for each. **p < 0.01, ****p < 0.0001 versus the vehicle group. (B) Withdrawal latency against radiant heat 
stimulation. In the vehicle group, plantar incision induced a decline in withdrawal latency. In the VX-702 group, the withdrawal latency was significantly longer on day 1 after 
the incision compared to the vehicle group. N = 5 for each. *p < 0.05 versus the vehicle group. (C) Withdrawal threshold against mechanical stimulation. In the 50 mg/kg and 
20 mg/kg groups, the threshold was significantly higher on day 1 after the incision, compared to the vehicle group. On the other hand, there was no significant difference in 
thresholds between the 10 mg/kg and vehicle groups. N = 5 for each. **p < 0.01 versus the vehicle group. (D) Withdrawal latency against radiant heat stimulation. In the 50 
mg/kg and 20 mg/kg groups, the withdrawal latency was significantly longer on day 1 after the incision compared to the vehicle group. On the other hand, in the 10 mg/kg 
group, the withdrawal latency on the day 1 after incision was not significantly different compared to the vehicle group. N = 5 for each. ***p < 0.001 versus the vehicle group. 
(E) Experimental protocol of the experiment 2.
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Discussion
p38 MAPK in the sensory nervous system has been shown to be involved in the development of pain hypersensitivity in 
several animal models of abnormal pain. In the present study, different distributions of expression of four p38 MAPK 
isoforms were identified in the DRG. Additionally, selective inhibition of p38α MAPK successfully alleviated pain 
hypersensitivity and phosphorylation of p38 MAPK in the DRG after the plantar incision. These results demonstrated the 
distinctive characteristics of p38 MAPK subunits in the primary afferent neurons, and dominant function of p38α MAPK 
in the development of pain hypersensitivity after tissue injury.

Activation of p38 MAPK is considered as one of the main intracellular events leading to the sensitization of primary 
afferents in the various kinds of pain hypersensitivity. Ji et al demonstrated that activation of p38 MAPK in the DRG 
neurons after tissue inflammation leads to the development of inflammatory hyperalgesia.22 Injury to the spinal nerve has 
been shown to induce activation of p38 MAPK in injured23 and uninjured24 neighboring DRG neurons, leading to 
neuropathic pain. Activation of p38 MAPK is also associated with opioid induced hyperalgesia.25 In the DRG, p38 
MAPK directly increases TRPV1,22,26 TRPA1,27 CGRP,28 and EPAC12 gene expression, and modulates tetrodotoxin- 
resistant sodium channel currents29 by phosphorylating Nav 1.8 voltage-gated sodium channels.30

Four isoforms of p38α, β, γ, and δ MAPK have been identified.31 Each isoform has distinct tissue distribution, 
activation mechanisms, and biological functions. p38α has a broad role in inflammation and the stress response, and its 
expression has been observed in various tissues.15 The biological functions and activation mechanisms of p38β are 
similar to those of p38α. p38β also shows broad expression. p38γ has been discovered in muscle tissue and is considered 

Figure 3 Effect of the p38α MAPK inhibitor on the p38 MAPK phosphorylation in the DRG. (A) The effect of the p38α MAPK inhibitor on phosphorylated p38 MAPK 
(p-p38 MAPK) expression in the DRG on day 1. Expression of p-p38 MAPK in the vehicle group was increased compared to that in the naive group. The VX-702 group 
showed decreased expression compared to the vehicle group. Scale bar = 50 µm. (B) showing the relationship between relative signal intensity (RSI) of p-p38 MAPK 
immunoreactivity and the neuronal area. p-p38 MAPK RSI in the DRG increased in the vehicle group compared to the naive group, especially in smaller sized neurons (<1000 
µm2). No significant increase was observed in the VX-702 group compared to the naive group. (C)The number of p-p38 MAPK-positive neurons was significantly smaller in 
the VX-702 group compared to the vehicle group. N = 5 for each. **p < 0.01.
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to regulate muscle function and differentiation.32 p38δ has been identified in the testis, pancreas, kidney and small 
intestine.33 These isoforms, despite their similarities, have distinct and sometimes overlapping roles in cellular signaling 
pathways, allowing the p38 MAPK family to regulate a wide range of biological processes. Among the four p38 MAPK 
isoforms, considerable amounts of p38α, β, and γ MAPK mRNA transcripts were observed in the DRG tissue. 
Histochemical analysis demonstrated that p38α MAPK was co-localized with NeuN, a selective marker of neuronal 
cells. On the other hand, p38β MAPK was co-localized with 3PGDH, a selective marker for satellite glial cells. The 
differential distribution between p38α and β MAPK observed in the present study was also previously reported in the 
dorsal horn of the spinal cord.17 p38γ MAPK was found to exist predominantly in the DRG neurons, and showed similar 
distribution to p38α MAPK. Similarities between p38α and γ MAPK expression have been reported in other organs as 
well.16

As we previously reported, plantar incision induces phosphorylation of p38 MAPK mainly in the neurons of the 
DRG.11 Based on our current histological observations, p38α or γ MAPK might be responsible for the induction of p38 
MAPK phosphorylation in the DRG. Since p38α MAPK broadly regulates transcriptional activity and protein phosphor-
ylation, we utilized a selective inhibitor of p38α MAPK to inhibit sensitization of sensory neurons by p38 MAPK. As we 
expected, VX-702, a selective inhibitor of p38α MAPK, successfully alleviated both mechanical and thermal pain 
hypersensitivity after the tissue injury. This is consistent with previous observations of the behavioral effect of 
FR167653, a non-selective p38 MAPK inhibitor, on pain hypersensitivity.10 VX-702 exhibits p38α MAPK inhibitory 
effect by direct inhibition of its phosphorylation.34 In our study, VX-702 successfully inhibited incision-induced 
phosphorylation of p38 MAPK, suggesting that phosphorylated p38 MAPK in the DRG are largely p38α isoform. 
This result also indicated systemic VX-702 treatment effectively suppress activation of p38 MAPK in the DRG. Our 
results collectively demonstrated the crucial role of p38α MAPK in p38 MAPK mediated sensitization of the primary 
afferents after tissue injury. Previous study demonstrated the crucial role of p38α MAPK in controlling nociceptive 
signals in the spinal cord.18 Together, the central role of p38α MAPK in the pathophysiology of nociceptive signaling 
within the spinal cord and DRG has now become evident.

Selective inhibition of p38 MAPK is a promising therapeutic target in several pathological situations.35–37 A previous 
clinical study showed that dilmapimod, another selective inhibitor of p38α MAPK, successfully alleviated neuropathic 
pain without serious side effects.38 Ongoing Phase 2 clinical trials to assess the therapeutic effect of p38α MAPK 
selective inhibitors also suggest superior tolerability of these drugs.39 Together, our observations implicate p38α MAPK 
as a promising therapeutic target for minimizing postoperative pain hypersensitivity.

Conclusion
The present study has several limitations to note. In this study, male rats were used for the analysis, and a role of p38α 
MAPK in female rats has not been evaluated. Previous study observed lack of p38 MAPK function in the development of 
hyperalgesia in female rats. p38α MAPK in the spinal cord has been reported to be involved in the development of 
hyperalgesia. The systemic administration of VX-702 suppresses p38α MAPK in the DRG, as evidenced by the 
decreased phosphorylation of p38 MAPK in that region. However, we cannot exclude the possibility that VX-702 also 
inhibited p38 MAPK in other brain lesion or peripheral tissues.

In conclusion, the present study demonstrated the distinct roles of p38 MAPK subclasses in the DRG, with p38α 
MAPK playing a dominant role in the development of pain hypersensitivity after tissue injury. Targeting p38α MAPK 
might be a promising therapeutic strategy for managing postoperative pain.

Abbreviations
MAPK, Mitogen-activated protein kinase; DRG, dorsal root ganglion; PB, phosphate buffer; GAPDH, glyceraldehyde- 
3-phosphate dehydrogenase; NeuN, neuronal nuclei; 3PGDH, 3-phosphoglycerate dehydrogenase; p-p38, phosphorylated 
p38.
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