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Peripheral EphrinB1/EphB1 signalling
attenuates muscle hyperalgesia in
MPS patients and a rat model of taut
band-associated persistent muscle pain

Feihong Jin1 , Lianying Zhao1 , Qiya Hu1 , and Feng Qi1

Abstract

Background: Myofascial pain syndrome (MPS) is an important clinical condition that is characterized by chronic muscle pain

and a myofascial trigger point (MTrP) located in a taut band (TB). Previous studies showed that EphrinB1 was involved in the

regulation of pathological pain via EphB1 signalling, but whether EphrinB1-EphB1 plays a role in MTrP is not clear.

Methods: The present study analysed the levels of p-EphB1/p-EphB2/p-EphB3 in biopsies of MTrPs in the trapezius

muscle of 11 MPS patients and seven healthy controls using a protein microarray kit. EphrinB1-Fc was injected intramus-

cularly to detect EphrinB1s/EphB1s signalling in peripheral sensitization. We applied a blunt strike to the left gastrocnemius

muscles (GM) and eccentric exercise for 8weeks with 4weeks of recovery to analyse the function of EphrinB1/EphB1 in

the muscle pain model.

Results: P-EphB1, p-EphB2, and p-EphB3 expression was highly increased in human muscles with MTrPs compared to

healthy muscle. EphB1 (r¼ 0.723, n¼ 11, P< 0.05), EphB2 (r¼ 0.610, n¼ 11, P< 0.05), and EphB3 levels (r¼ 0.670, n¼ 11,

P< 0.05) in the MPS group were significantly correlated with the numerical rating scale (NRS) in the MTrPs. Intramuscular

injection of EphrinB1-Fc produces hyperalgesia, which can be partially prevented by pre-treatment with EphB1-Fc.

The p-EphB1 contents in MTrPs of MPS animals were significantly higher than that among control animals (P< 0.01).

Intramuscular administration of the EphB1 inhibitor EphB1-Fr significantly suppressed mechanical hyperalgesia.

Conclusions: The present study showed that the increased expression of p-EphB1/p-EphB2/p-EphB3 was related to MTrPs

in patients with MPS. This report is the first study to examine the function of EphrinB1-EphB1 signalling in primary muscle

afferent neurons in MPS patients and a rat animal model. This pathway may be one of the most important and promising

targets for MPS.
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Introduction

Myofascial pain syndrome (MPS) is one of the most

common chronic pain symptoms, and it affects approx-

imately 3% of patients in the United States.1,2

The following diagnostic criteria are used for MPS: 1)

a regional hypersensitive spot (MTrP) in muscle; 2) a

palpable taut band (TB) in painful muscles; 3) referred

pain and restricted range of motion; and 4) recognition

of pressure on MTrP evoking a current pain complaint.3

MTrP and TB are particularly critical for the diagnosis

and characterization of MPS.4 MTrPs are defined as

hypersensitive tender spots that are identified via palpa-

tion of taut bands (TBs) in skeletal muscle fibres, and

these areas are a prerequisite for MPS diagnosis and

therapy.5 The current treatments for MPS include

various non-invasive and invasive methods. The
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non-invasive treatments of MTrPs include ultrasound, com-
pression, analgesics, and nonsteroidal anti-inflammatory
drugs, and the invasive treatments of MTrPs include dry
needling (acupuncture), which involves the insertion of a
needle directly into an MTrP and the subsequent injec-
tion of a material, such as botulinum toxin, local anaes-
thetics or corticosteroids.6,7 However, the efficacy and
rationale remain controversial.8 Therefore, the identifi-
cation of other mechanisms of MTrPs is crucial for the
development of novel effective therapies.

The Eph receptor family constitutes the largest sub-
family of receptor tyrosine kinases (RTKs), and it
includes 14 members divided into two subgroups,
EphA and EphB.9 The Ephrin/Eph receptor system par-
ticipates in the pathophysiology of many types of pain,
and Eph-selective agonists and antagonists modulate dif-
ferent types of pain, which may hold great therapeutic
potential in various pain situations.9,10

EphBs also play an important role in the regulation of
muscle contraction.11,12 Many studies showed that
MTrPs are characterized by abnormal sarcomere con-
traction. Our previous study found that the phosphory-
lation levels of EphB1, EphB2, and EphB3 in muscle
tissue biopsied at MTrP sites in MPS patients were
higher than normal controls. However, the role of
peripheral EphB1, EphB2, and EphB3 and their rela-
tionship with MTrPs in MPS patients is not known.

The present study tested the hypothesis that the
EphrinB1/EphB1 system was involved in peripheral
mechanisms of hyperalgesia in the MTrP region. To
understand EphrinB1/EphB1 signalling in the pathogen-
ic mechanism of MPS, we collected MPS patients and
tried to develop a persistent muscle pain model with TB
that mimicked the condition of MPS and examined the
function of EphrinB1/EphB1 in muscle hyperalgesia.

Methods

Subjects

The procedure used to recruit MPS patients (M group)
and healthy controls (C group) was described in previous
publications.13 Patients with MTrPs were recruited for
the study at the orthopaedics department of Qilu
Hospital at Shandong University, Jinan, China. Eleven
participants were recruited into the M group. Non-MPS
controls were recruited via advertisements posted on
notice boards in the hospital and around the community,
and seven participants were included in the C group. The
Ethics Committee of Qilu Hospital approved the study,
and written informed consent was obtained from all
subjects.

Briefly, the inclusion criteria were patients with MTrPs
that was diagnosed according to the international consen-
sus criteria14 and aged between 18 and 65years. The

following exclusion criteria were used: use of any type

of opioid medication or medical history of systemic

inflammatory diseases; previous neck trauma or surgery

in the neck/shoulder area; neuropathic pain; chronic

widespread muscle pain conditions; metabolic disease;

high blood pressure; malignancy; and pregnancy.

Physicians with more than 20 years of clinical experience

in the MPS field clinically examined all subjects to mini-

mize the inter-examiner variability.

Pain intensity

Approximately 1 hour prior to biopsy, each subject rated

their pain intensity at the MTrPs using a numerical

rating scale (NRS), which is a digital scale of 11

grades (0 to 10) with two endpoints: 0 indicates no

pain, and 10 indicates the most severe pain.

Sample collection and proteomic analysis

A detailed description of the sample biopsy procedure is

provided in our previous publication.13 Briefly, biopsies

from the MTrPs were obtained using a disposable

SuperCoreTM Biopsy instrument (ARGON) according

to the international consensus on diagnostic criteria

established in 2017.5 The tissues were rapidly frozen in

liquid nitrogen and stored at –80�C. The expression of

proteins was measured using the RayBio Human

Phosphorylation Array Kit (catalogue no. AAH-

PRTK-G1, RayBiotech, Inc., China) according to the

manufacturer’s instructions.

Animals

The Animal Care and Use Committee of Shandong

University approved the experiments. Six-week-old

male Sprague-Dawley (SD) rats weighing 200–250 g

were used in this study. The rats were maintained

under a 12-hour light/12-hour dark cycle, room temper-

ature of 24 �C and 20%-30% relative humidity. Three

animals were included per cage, and the animals had free

access to food and water.

Assessment of mechanical sensitivity

According to previous studies,15 the mechanical hyper-

algesia of the rats was measured using a Randall-Selitto

apparatus (Shandong Provincial Institute of Science and

Technology, Jinan, Shandong, China) equipped with a

round head probe (tip diameter: 8mm) that sets the

extraction threshold of the hindlimb subjected to

mechanical stimulation to the muscle. Before the exper-

iment, the animals were adapted to the laboratory envi-

ronment for 7 days, and a mechanical pain behaviour

test was performed during this period. During the behav-

iour test, the rats were restrained in a cylinder, and a
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Randall-Selitto probe was applied to the calves. The

pressure was automatically increased until the animal

withdrew its limbs. The pressure threshold was measured

seven times at 2-minute intervals, and the average value

after removing the minimum and maximum values was

used as the nociceptive threshold.

Local injection

We performed intramuscular (i.m.) injections of

EphrinB1-Fc to examine the direct pro-algesic effect of

EphrinB1. Different concentrations of EphrinB1-Fr

(0.02, 0.2, and 2mg/ml, 30ml, i.m., n¼ 4) were injected

into the left gastrocnemius muscle of rats according to a

previously published article.16 The same volume of PBS

served as the control. Briefly, SD rats were briefly anaes-

thetized with isoflurane. The skin above the injection site

was shaved and scrubbed with alcohol. A thin, indelible

pen was used to mark the pierced area of the injected skin,

and different concentrations of EphrinB1-Fr or vehicle

were injected into the left gastrocnemius muscle.
We examined whether EphrinB1 played its role via its

receptor EphB1. Under isoflurane anaesthesia, EphB1-

Fc (2 mg/ml, 30 ml, i.m., n¼ 6) was injected into the left

gastrocnemius muscle prior to the injection of EphrinB1

in the same spot. The same amount of PBS served as the

control. The pressure threshold was measured before

injection and 0.5 h, 1 h, 2 h, 4 h, 8 h and 24 h after injec-

tion. The doses of drug and the treatment durations are

described in detail in the figure legends. EphrinB1-Fc

and EphB1-Fc (Sigma, St. Louis, MO, USA) were dis-

solved in phosphate-buffered saline (PBS).

Model of MTrPs

We used an animal model that was previously reported

by Huang el al.17,18

The schematic outline of the experimental workflow is

showed in Figure 3(a). An active MTrP rat model was

established by bluntly striking the left gastrocnemius

muscle (GM) of SD rats followed by the performance

of eccentric-based exercises for 8weeks. The rats recov-

ered for 4weeks. Briefly, the marked left gastrocnemius

muscles of the MTrP group were hit with a hand-made

stick device that dropped from a height of 20 cm and had

a kinetic energy of 2.352 J. The next day, the rats were

placed on a treadmill (Sans, Nanjing, China) for 1.5 h

with a downward angle of -16� and a speed of 16m/min.

The weight, limb movement, TB changes and behaviour

of the rats were monitored. Active MTrPs were identi-

fied according to the 2017 International Consensus on

Diagnostic Standards for Trigger Points of MPS: 1)

mechanical sensitivity on TBs showing a rapid decrease;

2) a palpated TB; and 3) ability to elicit local twitch

responses (LTRs) by needling.

Before the experiment, basic withdrawal threshold to

mechanical stimulation was measured for all rats as

described previously. The withdrawal threshold was mea-

sured once weekly and checked after the 12th week. A TB

palpation examination was performed once weekly for

12weeks before the pharmacological experiment according

to a previous study. The pharmacological experiment was

started on the first day of week 13. The rats were randomly

divided into three groups of 12 rats: MPS groupþPBS,

MPS groupþEphB1-Fr, and Control groupþPBS.
The effect of the EphB1 inhibitor EphB1-Fr (Sigma)

on the hindlimb withdrawal threshold to mechanical

stimulation was studied in animals with MTrPs in TB

and control animals. EphB1-Fr was dissolved in 1M

PBS (2mg/ml, i.m.) (30ml� 3 points) and intramuscularly

administered to animals with MTrPs (n¼ 6) or control

animals (n¼ 6). After the intramuscular administration

of EphB1-Fr, the mechanical withdrawal thresholds

were measured at 0.5 h, 1 h, 2 h, 4 h, and 8 h using a

Randal-Selitto apparatus. The effect of the administra-

tion of the same volume of the vehicle (1M PBS), which

was used as a control, was also measured.

Western blot analysis

Muscle tissues near the injection site in the left gastroc-

nemius were rapidly removed and stored in liquid nitro-

gen. The tissue samples were lysed in lysis buffer

supplemented with protease and phosphatase inhibitors.

The lysed homogenate was centrifuged at 12,000 rpm at

4 �C for 15minutes. The supernatants were collected,

dissolved in 4� sample buffer and denatured at 100 �C
for 10minutes. The proteins were separated using 10%

SDS-PAGE and transferred to PVDF membranes. The

membranes were blocked with 5% skim milk powder for

1.5 h at room temperature and incubated overnight at

4 �C with the following primary antibodies: anti-Eph

receptor B1 and Eph receptor B2 (phospho Y594 and

Y604) (Abcam, ab61791, 1:1000). The membranes were

washed with Tris-buffered saline Tween-20 (TBST) and
incubated for 1.5 hours with the secondary antibody

(1:5000) at room temperature. The blots were developed

using a chemiluminescent reagent (Millipore).

Statistical analyses

Statistical analyses were performed using one-way anal-

ysis of variance (ANOVA) with repeated measures, two-

way ANOVA with repeated measures followed by

Holm-Sidak multiple comparison tests if warranted,

Student’s t-test, or non-parametric test where appropri-

ate. A p-value of <0.05 was considered significant. All

data are expressed as the means� standard errors

(SEMs). The data were analysed using GraphPad

Prism 7.0 statistical software.
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Results

Baseline sample characteristics

Clinical and anthropometric data were obtained from 11

MPS patients and seven healthy controls. No significant

differences in age, gender, height, weight, or body mass

index (BMI) were found between the groups. The pre-

sent pain intensity in the patients with MPS was signif-

icantly greater compared to the healthy subjects

(P< 0.001; Table 1).

Correlations

EphB1 (r¼ 0.723, n¼ 11, P< 0.05), EphB2 (r¼ 0.610,

n¼ 11, P< 0.05), and EphB3 levels (r¼ 0.670, n¼ 11,

P< 0.05) in the M group significantly correlated with the

numerical rating scale (NRS) in the MTrPs (Figure 1).

The intramuscular injection of EphrinB1-Fc causes

muscle hyperalgesia

Muscle hyperalgesia was induced via the intramuscular

injection of various doses of EphrinB1-Fc (0.02mg/ml,
0.2mg/ml, 2mg/ml and PBS, 30m) into the left

gastrocnemius muscle of SD rats. Thirty minutes after

injection, the nociceptive threshold decreased in a dose-

dependent manner, and the pain response lasted for at

least 4 hours. Twenty-four hours after injection, the noci-

ceptive threshold returned to baseline levels (Figure 2(a)).

EphB1-Fc is a specific inhibitor of EphB1, and the intra-

muscular injection of EphB1-Fc (2mg/ml, 30ml) partially
blocked the EphrinB1-Fc-induced nociceptive threshold

decrease (Figure 2(b)). These results suggest that the

EphrinB1-Fc-induced pain response was partially caused

by the activation of EphB1 receptors in muscles.

Mechanical hyperalgesia, TB analysis and muscle

histology in an animal model of MTrPs

Starting from the third week, the mechanical withdrawal

thresholds measured using the Randall-Selitto apparatus

in the TB sites of the MPS group (n¼ 10) were signifi-

cantly lower than the control group (n¼ 5), and this

difference lasted for 12weeks (Figure 3(b)). No changes

in the palpation or mechanical threshold were found in

the control group. Two weeks after the first strike, the

TBs were palpated subcutaneously in the middle

Figure 1. Correlation of p-EphB1, p- EphB2, p-EphB3 with numerical rating scale (NRS) in MPS patients derived from MTrPs site (n¼ 11).
Higher levels of muscle (a) p-EphB1(r¼ 0.723, n¼ 11, P< 0.05); (b) p-EphB2(r¼ 0.610, n¼ 11, P< 0.05); (c) p-EphB3(r¼ 0.670, n¼ 11,
P< 0.05) were correlated with higher values of NRS. NRS, numerical rating scale.

Figure 2. The intramuscular injection of EphrinB1-Fc caused dose- and time-dependent hyperalgesia. The paw withdrawal threshold was
measured 0.5 h,1 h, 2 h, 4 h, 8 h and 24 h after the injection of EphrinB1-Fc. (a) Mechanical pain hypersensitivity was induced by the
intramuscular injection of EphrinB1-Fc (0.02, 0.2 or 2 mg/ml), but the pain threshold did not change in the control group. The hyperalgesia
induced by EphrinB1-Fc injection lasted for at least 4 hours, and 24 hours after injection, the withdrawal threshold returned to the baseline
level of the control group (n¼4 rats in each group). (b) EphB1-Fc (2 mg/ml) pretreatment partially prevented the mechanical hypersensitivity
induced by EphrinB1-Fc (2 mg/ml) (n¼ 6 rats in each group).
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gastrocnemius and were palpated weekly intervals from

week 5 to 12 in the MPS group (n¼ 10) (Figure 3(c)).
Microscopic analysis of haematoxylin and eosin staining

revealed that the muscle fibres in the control group were

uniform in size, polygonal, and regularly arranged in the

cross-sectional space (Figure 3(d)). Large, round muscle

cells (contracture knots) were observed in the cross-

sections of the MTrPs, and obvious inflammatory cell infil-

tration was also detected (black arrows in Figure 3(d)).

p-EphB1 increased from damaged muscle cells and

the effects of an EphB1 inhibitor on muscular

mechanical hyperalgesia

The expression of the p-EphB protein in the MTrPs was

significantly upregulated compared to the control group on

western blots (Figure 4(a)). The intramuscular administra-

tion of EphB1-Fr (n¼ 6) (2mg/ml 30ml� 3 points) resulted

in significant recovery of mechanical hyperalgesia in the

MPS group, as detected using a Randall-Selitto apparatus

(Figure 4(b)), and this recovery continued for almost

4hours. The intramuscular administration of PBS as a con-

trol did not induce any significant changes in the MTrP sites

in the MPS (n¼ 6).

Discussion

This study demonstrated the following results:

1. The p-EphB1/p-EphB2/p-EphB3 levels in biopsies

from MTrP sites in the trapezius muscle strongly cor-

related with pain intensity in MPS patients;
2. The intramuscular injection of EphrinB1-Fc pro-

duced muscle hyperalgesia partially via activation of

EphB receptors; and

Figure 3. A rat model of taut band-associated persistent muscle pain. (a) Schematic illustration for the experimental design and
procedures. (b) Time course of the mechanical withdrawal threshold of the stroked and control animals measured using the Randall-Selitto
apparatus compared with the control group. The results are presented as the means� SEMs. * * P< 0.01. (c) The time course of the
incidence rate of palpable TBs in the MPS and control groups. (d) HE staining of the GM showing the histology of the stroked and
control animals.
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3. p-EphB expression was increased in MTrP sites,

and the injection of EphB1-Fr reduced pain behav-

iours in a rat MPS model.

It is important to subject patients with clinical

chronic pain to basic tests for classifying pain intensity

and sensitivity, including the identification of pain

areas and tenderness points. Proteins and other objec-

tive biomarkers in different tissues should be identified

to promote and improve the diagnosis of chronic pain

and elucidate the underlying mechanism. Notably, p-

EphB1/p-EphB2/p-EphB3 levels in muscle biopsies

from MTrP sites in the trapezius muscle were higher

in MPS patients than healthy controls, and a signifi-

cant correlation was found between pain intensity and

p-EphB1/p-EphB2/p-EphB3 expression in patients

with MPS. Several studies showed that acute and

chronic pain change the expression and phosphoryla-

tion of EphB at the central level.9 However, the new

findings from our study show that p-EphB expression

in MTrP sites is significantly related to the present

pain intensity in MPS patients, which indicates that

Eph is involved in pain regulation at the peripheral

level.

The secretion of sensitizers (e.g., cytokines, chemo-

kines, and growth factors) participates in peripheral

hypersensitivity and the maintenance of various types

of pain.19 The Eph family is associated with the initia-
tion, development and maintenance of pain sensitization

at the peripheral level.10 Cao et al. confirmed that

activation of the peripheral EphrinB/EphB signalling

pathway caused hyperalgesia via MAPK-mediated

mechanisms.10 Peripheral injection of EphB1-Fc in a for-

malin model of inflammatory pain inhibited EphB
receptors to reduce hyperalgesia. Eph phosphorylation

also regulates NMDA function in peripheral sensory

neurons to mediate pain.20 As shown in our previous

study, the phosphorylation level of EphB at MTrP

sites was significantly higher than normal controls. To
further verify whether EphB participated in the periph-

eral sensitization process of MTrPs, we established a

model of MTrPs according to a previously published

article. Long-lasting decreases in the mechanical with-

drawal threshold with the development of TB and sim-

ilar morphological changes in MTrPs in humans were
found using this model, which indicates the success of

the model. We did not perform electrophysiology studies

because the accuracy of previous electrophysiological

Figure 4. The expression level of p-EphB1 was upregulated in M group and the peripheral effect of the EphB1 inhibitor EphB1-Fr on
muscle hyperalgesia. The mechanical withdrawal threshold was measured before and 0.5, 1, 2, 4 h and 8 h after EphB-Fr (2 mg/ml 30ml� 3
points) injection into the MTrP site in the GM of the M group and after the injection of vehicle (PBS).

Table 1. Anthropometric data and data from the health questionnaire.

Variables CON (n¼ 11) MPS (n¼ 7) Statistics (p-value)

Age (years) 53.57� 9.64 45.73� 8.43 p< 0.05

Height (cm) 1.69� 0.06 1.66� 0.06 p> 0.05

Weight (kg) 69.86� 9.79 65� 10.72 p> 0.05

BMI (kg/m2) 24.33� 1.7 23.58� 2.74 p> 0.05

Pain intensity 0� 0 4.36� 1.03 p< 0.05

Abbreviations: BMI, body mass index; NA, not applicable.

The health questionnaire included questions concerning pain intensity. The results from the statistical analysis between the 2 groups

are presented in the column furthest to the right.
*Denotes statistical significance.
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results remains controversial. The hypersensitive site in a
palpable TB is more reflective of its nature. Our model
used intramuscularly administered EphB-Fr, which is a
specific inhibitor of EphB kinase, at the MTrP site to
inhibit the activity of EphB. Many studies using21,22 pain
models reported that EphB-Fr was effective for the
treatment of inflammatory pain and the inhibition of
hyperalgesia. EphB-Fr inhibited muscle hyperalgesia in
the present model.

The possibility that EphB played a role in the central
nervous system cannot be excluded in our research.
However, the effect of EphB-Fr was more likely due to
inhibition of the EphB signalling pathway in the sur-
rounding nociceptors because an inhibitory effect was
observed after the injection of EphB-Fr into the hyper-
irritable site. Several studies found Eph receptors and
Ephrins in the nerve endings of humans and animals.10

Therefore, the current study was not able to determine
whether EphB receptors were activated at nerve endings
by exogenous EphrinB1-Fc. However, EphB and EphA
receptors are expressed on DRG sensory neurons,21,23

which indicates that these sensory neurons in muscle
have the potential ability to react to exogenous or
endogenous EphrinB. All of these results suggest that
this phenomenon may reasonably occur in peripheral
sensory nerve endings. The Eph receptor and Ephrins
are also expressed in peripheral T cells and muscle
cells24,25 and may also function in inflammatory
responses, and Ephrins/Eph receptors interact with a
variety of membrane receptors to increase the release
of various chemokines, neurotransmitters or growth fac-
tors, which simulates the conditions of peripheral noci-
ceptor sensitization and pain.9 Eph enhanced the
function of NMDA and upregulated its expression in
the dorsal root ganglion, trigeminal ganglion or periph-
eral sensory neurons.20,26 The ionic NMDA receptor is
an important part of the nociceptive signalling mecha-
nism in the spinal dorsal horn and peripheral sensory
neurons, and it is closely related to the main mechanism
of pain development.27 Therefore, the Ephrin B/EphB
signal may contribute to the sensitization of primary
muscle afferents and the persistent muscle mechanical
hyperalgesia observed in the present study.

Previous studies showed that the essence of MTrPs is
the abnormal contraction of sarcomeres. Gerwin pro-
posed that muscle pain may arise from ischaemia-
induced inflammation in the muscle as a result of capil-
lary compression by the taut bands. The widely accepted
theory for the MTrP mechanism is based on the hypoth-
esis28 that the excessive release of acetylcholine (ACh)
from the motor nerve junction is the main cause of its
contraction, which results in hypoxia, ATP energy crisis,
the release of sensitizing substances, and pain. Once the
cycle of abnormal contraction is broken, pain may be
relieved. Our study showed that the expression of

p-EphB on the muscle cell membrane of contracture sar-
comeres was significantly increased (article under review).
Several studies showed that Eph was located in the neu-
romuscular junction of the motor nerve in skeletal
muscle, where it regulated the function of ACh,29,30

which controls muscle contraction. Although a few stud-
ies showed that Eph receptors regulated skeletal muscle
contraction, many studies showed that Eph receptors reg-
ulated vascular and airway smooth muscles.11,12

Therefore, increased expression of EphB1 may enhance
the activity of the motor endplate via upregulation of
motor nerve fibre terminals and promote the formation
of TBs where the MTrPs are located. Based on the role of
EphrinB/EphB in peripheral sensitization, EphB1 may be
involved in the mechanism of MTrP formation.

In summary, EphrinB1 induced muscle hyperalgesia via
its high affinity receptor EphB1. Because EphB1 was also
involved in the MTrP sites in MPS patients and an MTrP-
like persistent muscle pain model, peripheral EphB1
administration may be a promising approach for the treat-
ment of MPS. We will further investigate whether Eph
affects skeletal muscle contraction and explore its possible
molecular mechanisms in future research.

This study has some limitations. (1) We did not per-
form a correlation analysis between p-EphB1 levels and
pressure pain thresholds. (2) We did not determine
whether the activation of Eph led to the abnormal con-
traction of muscle fibres in our animal experiments,
which requires further study. (3) The excessive number
of noxious pinches in the animal experiments may be a
harmful stimulation with unknown physiological effects.
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