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recurrent kind of orofacial pain, it is estimated that 33% 
of people have some symptoms in both the chewing mus-
cles and face [3]. This condition is usually associated with 
temporomandibular joint dysfunction (TMD), which 
involves the periauricular area, chewing muscles, and 
related structures [4].

The International Classification of Orofacial Pain,1st 
edition (ICOP) divides myofascial orofacial pain into pri-
mary myofascial orofacial pain and secondary myofascial 
orofacial pain. Among them, Secondary myofascial orofa-
cial pain includes myofascial orofacial pain attributed to 
tendonitis, myofascial orofacial pain attributed to myosi-
tis, myofascial orofacial pain attributed to muscle spasm 

Introduction
Orofacial pain is a condition that affects the mineral-
ized and soft tissue of the face and oral cavity [1]. Orofa-
cial pain may be classified according to reported history 
and symptoms, including pain of musculoskeletal ori-
gin, dental pain, primary headache, neuropathy, neural-
gia, etc [2]. Myofascial orofacial pain is the second most 
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Abstract
Patients who suffer from myofascial orofacial pain could affect their quality of life deeply. The pathogenesis of 
pain is still unclear. Our objective was to assess Whether Voltage-gated calcium channel α2δ-1(Cavα2δ-1) is related 
to myofascial orofacial pain. Rats were divided into the masseter tendon ligation group and the sham group. 
Compared with the sham group, the mechanical pain threshold of the masseter tendon ligation group was 
reduced on the 4th, 7th, 10th and 14th day after operation(P < 0.05). On the 14th day after operation, Cavα2δ-1 
mRNA expression levels in trigeminal ganglion (TG) and the trigeminal spinal subnucleus caudalis and C1-C2 spinal 
cervical dorsal horn (Vc/C2) of the masseter tendon ligation group were increased (PTG=0.021, PVc/C2=0.012). Rats 
were divided into three groups. On the 4th day after ligating the superficial tendon of the left masseter muscle 
of the rats, 10 ul Cavα2δ-1 antisense oligonucleotide, 10 ul Cavα2δ-1 mismatched oligonucleotides and 10 ul 
normal saline was separately injected into the left masseter muscle of rats in Cavα2δ-1 antisense oligonucleotide 
group, Cavα2δ-1 mismatched oligonucleotides group and normal saline control group twice a day for 4 days. 
The mechanical pain threshold of the Cavα2δ-1 antisense oligonucleotides group was higher than Cavα2δ-1 
mismatched oligonucleotides group on the 7th and 10th day after operation (P < 0.01). After PC12 cells were 
treated with lipopolysaccharide, Cavα2δ-1 mRNA expression level increased (P < 0.001). Cavα2δ-1 may be involved 
in the occurrence and development in myofascial orofacial pain.
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[1]. It is generally assumed that myofascial orofacial pain 
related to TMD may originate from trigger points (TP), 
which are characterized by hypersensitivity of a taut band 
or palpable nodule and pain due to local muscle contrac-
tion, which can decrease the range of motion [3]. At pres-
ent, the pathogenesis of myofascial orofacial pain is still 
unclear.

The treatment of myofascial orofacial pain is gener-
ally based on inactivating the TP [5]. There is no definite 
treatment method. And therefore, some potential meth-
ods have been used, including botox injections, passive 
stretching, ischemic compression, massage, transcutane-
ous electrostimulation nerve stimulation, infrared laser, 
biofeedback, ultrasound, and cognitive behavioral ther-
apy [3, 6, 7].

Research models for myofascial orofacial pain include 
injection of glutamate, CFA, hypertonic saline, etc. into 
the masseter muscle, but these models maintain pain for 
only 1–3 weeks [8, 9]. Recently, it has been found that the 
myofascial orofacial pain model established by ligating 
the tendon of anterior superficial part of masseter muscle 
(TASM) can provide a long-lasting pain hypersensitivity 
and can better simulate the long-term existence of myo-
fascial orofacial pain status [10, 11].

Calcium Channel α2δ-1(Cavα2δ-1) is a subunit of volt-
age-gated Ca2 + channels (VGCCs) [12]. A large number 
of studies have shown that Cavα2δ-1 plays an impor-
tant role in neuropathic pain. In models of neuropathic 
pain, the level of Cavα2δ-1 mRNA and protein on the 
injured side was significantly increased, and the increase 
in Cavα2δ-1 was related to the onset of allodynia [13]. 
Whether the change of Cavα2δ-1 expression is related to 
the development of myofascial orofacial pain is unclear.

Therefore, in this study, experiments of establishing 
myofascial orofacial pain model in vivo and experiments 
on PC12 neuron cell lines in vitro were used to clarify the 
role of Cavα2δ-1 in the occurrence and development in 
myofascial orofacial pain.

Methods
Animal experiment
Rearing rats
Thirty healthy 8-week-old male rats were selected (Bei-
jing Weitong Lihua Technology Co., Ltd.) weighing 200–
250 g and raised in the Laboratory of Animal Center of 
China Medical University. The feeding conditions were 
as follows: temperature (22 ± 2) ℃, relative humidity 40 
-60%,12/12  h day and night alternating light, water and 
food ingested freely. The rats were acclimated in this 
environment for 3–5 days before the experiment. The 
experimental operation and animal feeding were in com-
pliance with the basic regulations for animal experiments 
and animal ethics (2,018,067).

Establishment a myofascial orofacial pain model
Twelve rats were randomly divided into the masseter 
tendon ligation group and the sham group, with 6 rats 
in each group. The masseter tendon ligation group and 
the sham group were anesthetized with 2% pentobarbital 
sodium (50  mg/kg, intraperitoneal injection). Then the 
rats were fixed on the operating table to keep a head-up 
posture. In the masseter tendon ligation group, a 3 mm 
long anterior-posterior incision was made along the 
mucogingival junction of the first molar on the left side 
of the rats. TASM was separated carefully and gently. 
TASM was ligated by two chrome bowels (4.0), and the 
distance between them was 2 mm. Finally, the wound was 
sutured in layers, and apply an appropriate amount of 
antibiotics (gentamicin) to the wound. Rats in the sham 
group received the same operation except for ligation of 
TASM.

Behavioral testing
The rats of the masseter tendon ligation group and 
the sham group were placed in a quiet environment 
to keep the rats in a stable state. These rats were tested 
for mechanical pain threshold before operation and on 
the 4th,7th,10th and 14th days after operation. The von 
Frey filaments were applied vertically to the left masseter 
muscle area of the rats, and the mechanical pain thresh-
old was tested. The positive reaction was to recede the 
body or dodge the head, scratch the face asymmetrically 
or bite the von Frey filaments. The von Frey filaments 
stimulation intensity started from 3.22  g, and when a 
positive reaction was caused, the von Frey filament of 
the adjacent lighter level was replaced. When a negative 
reaction was caused, the von Frey filament of the adja-
cent stronger level was replaced. The interval between 
each stimulation is 10 s, and the stimulation was repeated 
five times in total. The measurement was continued until 
the first negative and positive cross-reaction occurred. 
First the response frequencies to a series of von Frey fila-
ment forces [(number of responses/number of stimuli) 
*100%] were calculated, and then the stimulus-response 
frequency curve (S-R curve) was drawed. After a non-
linear regression analysis, the EF50 value was obtained 
according to the S-R curve, which was defined as the 
effective von Frey filament force (g) that produced 50% of 
the response frequency. A decrease in EF50 indicated the 
presence of mechanical allodynia. The mechanical stimu-
lus response threshold(EF50)was calculated by Up-Down 
Calculators.

Quantitative real-time polymerase chain reaction(qRT-PCR)
On the 14th day after operation, the rats of the masse-
ter tendon ligation group and the sham group were anes-
thetized with 2% sodium pentobarbital (100 mg/kg), and 
the rats in both groups were sacrificed by decapitation. 
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The head of the rat was fixed on a wooden board, the 
skull and brain tissue of the rat were exposed. The left 
trigeminal ganglion, trigeminal spinal subnucleus cauda-
lis and C1-C2 spinal cervical dorsal horn (Vc /C2) were 
obtained. The total RNA was extracted in trigeminal 
ganglion and Vc/C2 tissue according to the instructions 
of Trizol reagent, and determine the concentration and 
purity of total RNA. cDNA was formed by reverse tran-
scription using TaKaRa’s reverse transcription kit. The 
target cDNA was amplified using TaKaRa PCR kit. The 
PCR amplification conditions were: pre-denaturation at 
95 ℃ for 30  s, 95 ℃ for 5  s, 61.4 ℃ for 30  s, 72 ℃ for 
30 s, a total of 40 cycles, and 72 ℃ for 3 min.

The primer sequence was as follows:
Cavα2δ-1-forward:5’-​T​G​A​G​T​T​G​T​T​T​C​C​A​G​C​A​C​C​T​

G-3’;
Cavα2δ-1-reverse:5’-​C​T​C​T​T​C​T​C​C​T​C​C​A​T​C​C​G​T​G​

A-3’;
GAPDH-forward:5’-​A​C​C​A​C​A​G​T​C-​C​A​T​G​C​C​A​T​C​A​

C-3’;
GAPDH-reverse: 5’-​T​C​C​A​C​C​A​C​C​C​T-​G​T​T​G​C​T​G​T​

A-3’;
Calculate the relative expression of the target gene 

using the 2−ΔΔCt method. The mRNA expression levels of 
Cavα2δ-1 were compared in the masseter tendon ligation 
group and the sham group.

Antisense oligodeoxynucleotide treatment
Eighteen male rats were randomly divided into Cavα2δ-1 
antisense oligonucleotides group, Cavα2δ-1 mismatched 
oligonucleotides group and normal saline control group, 
each with 6 rats. The antisense and mismatch oligo-
nucleotides of Cavα2δ-1 were synthesized, which had 3 
nucleotide phosphorothioate modifications at the 5’and 
3’ ends respectively, which were purified by a high-purity 
salt-free method. Cavα2δ-1 antisense and mismatch oli-
gonucleotides had 3 nucleotide phosphorothioate modi-
fications at the 5’ and 3’ ends, respectively, and were 
purified with High Purity Salt Free method. The anti-
sense oligonucleotide sequence of Cavα2δ-1 was ​A​G​C​
C​A​T​C​T​T​C​G​C​G​A​T​C​G​A​A​G, and the mismatch oligo-
nucleotide sequence was ​C​G​A​T​A​C​C​T​C​G​C​T​G​G​C​T​A​A​
A​G. These sequences were dissolved in sterile saline. On 
the 4th day after the anterior superficial tendon of the 
left masseter muscle was ligated, the rats that injected 
Cavα2δ-1 antisense oligonucleotides into the left mas-
seter muscle were defined as the Cavα2δ-1 antisense oli-
gonucleotides group, 10 ul each time, twice a day for 4 
days. The rats that injected Cavα2δ-1 mismatched oligo-
nucleotides into the left masseter muscle were defined as 
the Cavα2δ-1 mismatched oligonucleotides group, 10 ul 
each time, twice a day for 4 days. The rats that injected 
normal saline into the left masseter muscle were defined 
as the normal saline control group,10 ul each time, twice 

a day for 4 days. The mechanical pain threshold of three 
groups was measured before operation, the 4th, 7th, 10th 
and 14th day after operation.

Cell experiment
Cell culture
PC12 cells at passage 5 were placed in a DMEM high-
glucose medium system containing 10% fetal bovine 
serum,100 U/mL penicillin and 100 ug/mL streptomycin, 
and cultured in a CO2 constant temperature incubator 
with a volume fraction of 5% at 37 ℃.After the cells grew 
to the logarithmic phase, the cell was digested to obtain 
a cell suspension, and the cell density was adjusted to 2 * 
104 cells/ml to inoculate a 6-well plate.

Lipopolysaccharides (LPS) treatment of PC12 cells
The control group: PC12 cells was cultured with the 
above-mentioned medium for 36 h.

The LPS treatment group: 24  h after PC12 cells were 
cultured with the above-mentioned medium, PC12 cells 
were treated with 5 ug/ml LPS for 12 h.

Quantitative real-time polymerase chain reaction(qRT-PCR)
The total RNA in the control group and the LPS treat-
ment group was extracted according to the instruc-
tions of Trizol reagent, and the concentration and purity 
of total RNA were determined. cDNA was formed by 
reverse transcription using TaKaRa’s reverse transcrip-
tion kit. The target cDNA was amplified using TaKaRa 
PCR kit. The PCR amplification conditions were: pre-
denaturation at 95 ℃ for 30 s, 95 ℃ for 5 s, 61.4 ℃ for 
30  s, 72 ℃ for 30  s, a total of 40 cycles, and 72 ℃ for 
3 min.

The primer sequence was as follows:
Cavα2δ-1-forward:5’-​T​G​A​G​T​T​G​T​T​T​C​C​A​G​C​A​C​C​T​

G-3’;
Cavα2δ-1-reverse:5’-​C​T​C​T​T​C​T​C​C​T​C​C​A​T​C​C​G​T​G​

A-3’;
GAPDH-forward:5’-​A​C​C​A​C​A​G​T​C-​C​A​T​G​C​C​A​T​C​A​

C-3’;
GAPDH-reverse: 5’-​T​C​C​A​C​C​A​C​C​C​T-​G​T​T​G​C​T​G​T​

A-3’;
Calculate the relative expression of the target gene 

using the 2−ΔΔCt method. The mRNA expression levels 
of Cavα2δ-1 were compared in the control group and the 
LPS treatment group.

Statistical analysis
The data was analyzed by Sigmaplot 14, SPSS 16.0 and 
Graphpad prism 5. The mechanical stimulus response 
threshold(EF50)was analyzed by a two-way repeated 
analysis of variance (ANOVA). Cavα2δ-1 mRNA levels 
were analyzed by two independent samples t test. P < 0.05 
indicated that the difference was statistically significant.
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Results
Experiment results of animal behavior
On the 14th day after operation, compared with the 
sham group, the masseter tendon on the ligated side of 
the masseter tendon ligation group changed significantly 
(Fig.  1.). The color of the tendon became dark yellow, 
indicating mechanical damage.

Compared with preoperatively, the mechanical pain 
threshold of rats in the masseter tendon ligation group 
was significantly reduced on the 4th, 7th, 10th and 14th 
days after operation(P < 0.001, Fig.  2.).Compared with 
preoperatively, the mechanical pain threshold of rats in 
the sham group did not change significantly on the 4th, 
7th, 10th and 14th days after operation (P > 0.05, Fig. 2).
The preoperative mechanical pain threshold of the mas-
seter tendon ligation group was not significantly dif-
ferent from that of the sham group (P > 0.05, Fig.  2).
The mechanical pain threshold of the masseter tendon 

ligation group was lower than that of the sham group on 
the 4th, 7th, 10th and 14th days after operation (P < 0.001, 
Fig.  2), confirming the successful establishment of the 
myofascial orofacial pain model.

Cavα2δ-1 mRNA expression levels in trigeminal ganglion 
and Vc/C2 in rats of the masseter tendon ligation group 
and the sham group
Compared with the sham group, Cavα2δ-1 mRNA 
expression levels in the trigeminal ganglion of the masse-
ter tendon ligation group were significantly increased on 
the 14th postoperative day (P = 0.021, Fig. 3.).

Compared with the sham group, Cavα2δ-1 mRNA 
expression levels in the Vc/C2 tissue of the masseter ten-
don ligation group were significantly increased on the 
14th postoperative day (P = 0.012, Fig. 4.).

Fig. 2  Mechanical pain threshold of the masseter tendon ligation group and the sham group. * vs. the sham group P < 0.05; # vs. before ligation P < 0.05

 

Fig. 1  (A) the sham group (B) the masseter tendon ligation group
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Behavioral experimental results of TASM rats after 
Cavα2δ-1 blockade treatment
Compared with the 4th day after the operation, the 
mechanical pain threshold of the rats in the Cavα2δ-1 
antisense oligonucleotide group increased on the 7th and 
10th days after the operation, and the difference was sta-
tistically significant (P < 0.001, Fig.  5.). The mechanical 
pain threshold of the Cavα2δ-1 antisense oligonucleotide 
group was higher than that of the Cavα2δ-1 mismatched 
oligonucleotide group on the 7th and 10th postopera-
tive day, and the difference was statistically significant 
(P < 0.001, Fig.  5.). There was no significant difference 
in the preoperative and postoperative mechanical pain 
thresholds between the Cavα2δ-1 mismatch oligonucle-
otide group and the normal saline control group (P > 0.05, 
Fig. 5).

Changes of Cavα2δ-1 expression levels after treatment of 
PC12 cells with LPS
Compared with the control group, the expression levels 
of Cavα2δ-1 mRNA in the LPS treatment group were sig-
nificantly increased (P < 0.001, Fig. 6.).

Discussion
Orofacial pain and headaches are highly prevalent dis-
eases but are usually difficult to treat. Headaches are 
classified as migraine, tension-type, trigeminal auto-
nomic cephalgia (e.g., cluster headache), etc. Headaches 
or other facial pain have a larger differential [2]. It was 
supported by neurophysiological studies that a dysfunc-
tion of pain control systems in a role of the brainstem and 
headaches in their pathogenesis. Abnormal sensitization, 
lower cortical pre-activation and loss of habituation were 
seen in migraine. Decreased pain thresholds and altered 
pain perception were found In cluster headaches (CH) 
[14, 15]. A CH attack lasts between 15 and 180 min, and 
multiple attacks per day may occur, whereas the duration 

Fig. 6  Cavα2δ-1 mRNA expression levels in the control group and the LPS 
treatment group. * vs. the control group P < 0.001

 

Fig. 5  Mechanical pain threshold of Cavα2δ-1 antisense oligonucleotide 
group, Cavα2δ-1 mismatched oligonucleotides group and the normal 
saline control group. * vs. Cavα2δ-1 mismatched oligonucleotides group 
P < 0.05; # vs. the 4th day after the operation P < 0.05

 

Fig. 4  Cavα2δ-1 mRNA expression levels in Vc/C2 in the masseter tendon 
ligation group and the sham group. * vs. the sham group P = 0.012

 

Fig. 3  Cavα2δ-1 mRNA expression levels in trigeminal ganglion in the 
masseter tendon ligation group and the sham group. * vs. the sham group 
P = 0.021
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of a migraine attack is between 4 and 72  h, and recur-
rence is defined as a headache within 22 h of initial suc-
cessful treatment of a migraine attack (2-hour headache 
response) [16].

Myofascial orofacial pain is one of the highest inci-
dence rates and the most intricate kinds of orofacial 
chronic pain to treat [9]. This study established a myofas-
cial orofacial pain model by ligating the anterior superfi-
cial masseter tendon, which is unique in that it provides a 
durable pain hypersensitivity response that better mimics 
myofascial orofacial pain. In this study, the mechanical 
pain threshold of the masseter tendon ligation group was 
significantly lower than that of the sham operation group, 
confirming the successful establishment of the myofascial 
orofacial pain model.

The trigeminal ganglion is the first-order neuron of 
orofacial pain conduction, and Vc /C2 is the second-order 
neurons of orofacial pain conduction [17, 18]. In rats with 
myofascial orofacial pain, Cavα2δ-1 mRNA expression 
levels were elevated in the trigeminal ganglion and Vc /
C2 on the injured side. After treatment with Cavα2δ-1 
antisense oligonucleotide, the pain of myofascial orofa-
cial pain was relieved, suggesting that Cavα2δ-1 may be 
involved in the development of orofacial myofascial pain.

Cavα2δ-1 is a subunit of voltage-gated Ca2 + chan-
nels (VGCCs). VGCCs mediate the release of hormones 
and neurotransmitters, membrane excitability, synaptic 
and neuronal structural plasticity, muscle contraction. 
Cavα2δ-1 is widely distributed in the central and periph-
eral nervous systems, skeletal muscle, smooth muscle, 
cardiac muscle and endocrine tissues [19, 20].

Recent literatures indicate that Cavα2δ-1 is related to 
the occurrence and development of neuropathic pain. In 
spinal nerve injury, the expression level of Cavα2δ-1 on 
the injured side is up-regulated, and the upregulation of 
Cavα2δ-1 is related to neuropathic pain. Transgenic mice 
overexpressing Cavα2δ-1 have lower pain threshold, 
while intramedullary injection of Cavα2δ-1 inhibitory 
ligand gabapentin can significantly reduce pain sensation 
[21, 22]. The results of this study showed that in the myo-
fascial orofacial pain model, Cavα2δ-1 mRNA expression 
levels were elevated in trigeminal ganglion and Vc /C2 on 
the injured side. After Cavα2δ-1 antisense oligonucle-
otide treatment, the pain degree of myofascial orofacial 
pain was reduced, which was consistent with the role 
of Cavα2δ-1 in neuropathic pain reported in the litera-
tures. However, the specific mechanism of Cavα2δ-1 in 
the development of myofascial orofacial pain remains 
unclear.

Cavα2δ-1 is coupled to N-methyl-d-aspartate recep-
tor (NMDAR) and mediates neuropathic pain caused 
by nerve injury [23]. Overexpression of Cavα2δ-1 can 
enhance the activity of presynaptic and postsynaptic 
NMDAR in spinal dorsal horn neurons, which can cause 

pain hypersensitivity. When Cavα2δ-1 is ablated or 
knocked down, the synaptic NMDAR activity increased 
by nerve injury becomes normalized. Cavα2δ-1 directly 
interacts with NMDAR through its C-terminal, increas-
ing pre-synaptic NMDAR activity. The enhanced pre-
synaptic NMDAR activity increases the release of 
glutamate from the primary afferent end to the spinal 
dorsal horn neurons, which promotes the development 
of neuropathic pain [24–26]. In addition, gabapentinoids 
reduce pain hypersensitivity by acting on α2δ-1–bound 
NMDARs [16].

Cavα2δ-1 interacts with thrombospondin 4 and also 
contributes to the development of neuropathic pain. 
Thrombospondin 4 is a class of oligomeric extracellular 
matrix glycoproteins [27]. In the spinal cord injury pain 
model, thrombospondin 4 interacts with Cavα2δ-1 to 
promote dysexcitatory synaptogenesis and is involved in 
pain. Blockade or downregulation of Cavα2δ-1 blocked 
thrombospondin 4-induced pain in in vivo experiments 
in sciatic nerve-ligated mice and in vitro in neuronal 
cell cultures. Blockade or knockout of thrombospon-
din 4 blocked behavioral hypersensitivity induced by 
overexpression of Cavα2δ-1. Thrombospondin 4 regu-
lates Cavα2δ-1 through T-type calcium channels, which 
induces increased frequency and amplitude of excitatory 
postsynaptic currents and increased expression of the 
presynaptic marker VGlut2 and the postsynaptic marker 
PSD95. Thrombospondin 4 acts only on newly created 
synapses. Therefore, gabapentin, early use of the ligand 
of Cavα2δ-1, can block thrombospondin 4-induced syn-
aptogenesis and neuropathic pain [28, 29]. In dorsal root 
ganglia, Thrombospondin 4 promotes peripheral sensory 
system hypersensitivity by reducing HVA and increasing 
LVA in DRG neurons through T-type calcium channels 
[30]. In Cavα2δ-1-overexpressing transgenic mice, EGF-
LIKE domain-induced pain-induced in vivo experiments 
in rats, and in vitro experiments in retinal ganglion cells 
(RGC), Thrombospondin 4 may interact with the von 
Willebrand factor A (VWA) domain of Cavα2δ-1 through 
its EGF-LIKE domain to reduce HVA ICa in primary 
neurons and increase LVA ICa, which can promote the 
formation of excitatory synapses in sensory neurons and 
hypersensitivity reactions [31–33].

The factors leading to constant pain after TASM liga-
tion involve cellular changes at the site of injury, such as 
mechanical breakdown of collagen fibers, inflammatory 
responses, damage of peripheral nociceptors, etc [11]. 
LPS is a component of the cell wall of Gram-negative bac-
teria and is a potent inducer of inflammatory responses 
[34, 35]. PC12 cells were derived from rat pheochromo-
cytoma. Rat Pheochromocytoma is a Gangliocytoma 
[36]. Endotoxin LPS can induce a normal animal immune 
system response. In vitro models of lipopolysaccharide-
induced PC12 cells are commonly used for inflammation 
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studies [37]. In the present study, the expression level of 
Cavα2δ-1 mRNA was increased in LPS treatment group.

In this study, a model of myofascial orofacial pain was 
established by ligating the anterior superficial tendon of 
the unilateral masseter muscle, and the role of Cavα2δ-1 
in the occurrence and development of orofacial myofas-
cial pain was innovatively studied, to provide an experi-
mental basis for the treatment of myofascial orofacial 
pain.

Limitations of this study
However, this study does have certain limitations. The 
study was for a short interval, and further studies are 
demanded to evaluate its long-term effect. And the 
detailed mechanism of Cavα2δ-1 involved in myofascial 
orofacial pain requires further investigation and will be 
explored in future research, to provide an experimental 
basis for the treatment of myofascial orofacial pain.

Conclusion
Cavα2δ-1 may be involved in the occurrence and devel-
opment in myofascial orofacial pain.

Acknowledgements
We thank all participants in this study and the contributing teachers.

Author contributions
Y.L. was a major contributor to writing the manuscript. Y.L. and X.Z. formulated 
overarching research goals and aims. Y.L., J.W., and L.L. provided data. All 
authors read and approved the final manuscript.

Funding
Not applicable.

Data availability
The datasets used and/or analysed during the current study available from the 
corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The mice involved in this study were housed and bred at the Experimental 
Animal Center of School and Hospital of Stomatology, China Medical 
University. All the rats were male. Our experiments are reported in accordance 
with ARRIVE guidelines and approved by School and Hospital of Stomatology, 
China Medical University, Ethics No. 2018067. The experimental operation and 
animal feeding complianced the basic regulations for relevant guidelines (e.g. 
the revised Animals (Scientific Procedures) Act 1986 in the UK and Directive 
2010/63/EU in Europe).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 February 2024 / Accepted: 6 May 2024

References
1.	 International Classification of Orofacial Pain, 1st edition (ICOP). Cephalalgia: 

an international journal of headache. 2020, 40(2):129–221.
2.	 Pak RJ, Ku JB, Abd-Elsayed A. Neuromodulation for Craniofacial Pain and 

headaches. Biomedicines 2023, 11(12).
3.	 Vier C, Almeida MB, Neves ML, Santos A, Bracht MA. The effectiveness of 

dry needling for patients with orofacial pain associated with temporoman-
dibular dysfunction: a systematic review and meta-analysis. Braz J Phys Ther. 
2019;23(1):3–11.

4.	 Gonçalves DA, Dal Fabbro AL, Campos JA, Bigal ME, Speciali JG. Symptoms of 
temporomandibular disorders in the population: an epidemiological study. J 
Orofac Pain. 2010;24(3):270–8.

5.	 Zhuang X, Tan S, Huang Q. Understanding of myofascial trigger points. Chin 
Med J. 2014;127(24):4271–7.

6.	 Cummings TM, White AR. Needling therapies in the management of 
myofascial trigger point pain: a systematic review. Arch Phys Med Rehabil. 
2001;82(7):986–92.

7.	 Ramos-Herrada RM, Arriola-Guillén LE, Atoche-Socola KJ, Bellini-Pereira SA, 
Castillo AA. Effects of botulinum toxin in patients with myofascial pain related 
to temporomandibular joint disorders: a systematic review. Dent Med Probl. 
2022;59(2):271–80.

8.	 Bai X, Zhang X, Li Y, Lu L, Li B, He X. Sex differences in peripheral mu-opioid 
receptor mediated analgesia in rat orofacial persistent pain model. PLoS ONE. 
2015;10(3):e0122924.

9.	 Martínez-García M, Migueláñez-Medrán BC, Goicoechea C. Animal models 
in the study and treatment of orofacial pain. J Clin Experimental Dentistry. 
2019;11(4):e382–90.

10.	 Araújo-Filho HG, Pereira EWM, Campos AR, Quintans-Júnior LJ, Quintans JSS. 
Chronic orofacial pain animal models - progress and challenges. Expert Opin 
Drug Discov. 2018;13(10):949–64.

11.	 Guo W, Wang H, Zou S, Wei F, Dubner R, Ren K. Long lasting pain hypersensi-
tivity following ligation of the tendon of the masseter muscle in rats: a model 
of myogenic orofacial pain. Mol Pain. 2010;6:40.

12.	 Deng M, Chen SR, Chen H, Pan HL. α2δ-1-Bound N-Methyl-D-aspartate 
receptors mediate morphine-induced Hyperalgesia and analgesic toler-
ance by potentiating glutamatergic input in rodents. Anesthesiology. 
2019;130(5):804–19.

13.	 Bauer CS, Rahman W, Tran-van-Minh A, Lujan R, Dickenson AH, Dolphin AC. 
The anti-allodynic alpha(2)delta ligand pregabalin inhibits the trafficking of 
the calcium channel alpha(2)delta-1 subunit to presynaptic terminals in vivo. 
Biochem Soc Trans. 2010;38(2):525–8.

14.	 Abanoz Y, Abanoz Y, Gündüz A, Savrun FK. Trigeminal somatosensorial 
evoked potentials suggest increased excitability during interictal period in 
patients with long disease duration in migraine. Neurosci Lett. 2016;612:62–5.

15.	 May A, Schwedt TJ, Magis D, Pozo-Rosich P, Evers S, Wang SJ. Cluster head-
ache. Nat Reviews Disease Primers. 2018;4:18006.

16.	 Al-Karagholi MA, Peng KP, Petersen AS, De Boer I, Terwindt GM, Ashina M. 
Debate: are cluster headache and migraine distinct headache disorders? J 
Headache Pain. 2022;23(1):151.

17.	 Shinoda M, Kubo A, Hayashi Y, Iwata K. Peripheral and central mechanisms of 
Persistent Orofacial Pain. Front NeuroSci. 2019;13:1227.

18.	 Messlinger K, Russo AF. Current understanding of trigeminal gan-
glion structure and function in headache. Cephalalgia: Int J Headache. 
2019;39(13):1661–74.

19.	 Kim JY, Abdi S, Huh B, Kim KH. Mirogabalin: could it be the next generation 
gabapentin or Pregabalin? Korean J pain. 2021;34(1):4–18.

20.	 Lanzetti S, Di Biase V. Small molecules as modulators of Voltage-gated 
Calcium Channels in neurological disorders: state of the art and perspectives. 
Molecules 2022, 27(4).

21.	 Zhou C, Luo ZD. Nerve injury-induced calcium channel alpha-2-delta-1 
protein dysregulation leads to increased pre-synaptic excitatory input 
into deep dorsal horn neurons and neuropathic allodynia. Eur J Pain. 
2015;19(9):1267–76.

22.	 Gong N, Park J, Luo ZD. Injury-induced maladaptation and dysregulation of 
calcium channel α(2) δ subunit proteins and its contribution to neuropathic 
pain development. Br J Pharmacol. 2018;175(12):2231–43.

23.	 Huang Y, Chen SR, Chen H, Luo Y, Pan HL. Calcineurin inhibition causes α2δ-1-
Mediated Tonic activation of synaptic NMDA receptors and Pain Hypersensi-
tivity. J Neuroscience: Official J Soc Neurosci. 2020;40(19):3707–19.

24.	 Deng M, Chen SR, Pan HL. Presynaptic NMDA receptors control nociceptive 
transmission at the spinal cord level in neuropathic pain. Cell Mol Life Sci. 
2019;76(10):1889–99.



Page 8 of 8Lu et al. BMC Oral Health          (2024) 24:552 

25.	 Chen J, Li L, Chen SR, Chen H, Xie JD, Sirrieh RE, MacLean DM, Zhang Y, 
Zhou MH, Jayaraman V, et al. The α2δ-1-NMDA receptor complex is critically 
involved in neuropathic Pain Development and Gabapentin therapeutic 
actions. Cell Rep. 2018;22(9):2307–21.

26.	 Zhou JJ, Li DP, Chen SR, Luo Y, Pan HL. The α2δ-1-NMDA receptor coupling is 
essential for corticostriatal long-term potentiation and is involved in learning 
and memory. J Biol Chem. 2018;293(50):19354–64.

27.	 Rahman MT, Muppala S, Wu J, Krukovets I, Solovjev D, Verbovetskiy D, Obiako 
C, Plow EF, Stenina-Adognravi O. Effects of thrombospondin-4 on pro-
inflammatory phenotype differentiation and apoptosis in macrophages. Cell 
Death Dis. 2020;11(1):53.

28.	 Park J, Yu YP, Zhou CY, Li KW, Wang D, Chang E, Kim DS, Vo B, Zhang X, Gong 
N, et al. Central mechanisms Mediating Thrombospondin-4-induced Pain 
States. J Biol Chem. 2016;291(25):13335–48.

29.	 Yu YP, Gong N, Kweon TD, Vo B, Luo ZD. Gabapentin prevents synaptogenesis 
between sensory and spinal cord neurons induced by thrombospondin-4 
acting on pre-synaptic ca(v) α(2) δ(1) subunits and involving T-type ca(2+) 
channels. Br J Pharmacol. 2018;175(12):2348–61.

30.	 Pan B, Guo Y, Wu HE, Park J, Trinh VN, Luo ZD, Hogan QH. Thrombospondin-4 
divergently regulates voltage-gated Ca2 + channel subtypes in sensory 
neurons after nerve injury. Pain. 2016;157(9):2068–80.

31.	 Park JF, Yu YP, Gong N, Trinh VN, Luo ZD. The EGF-LIKE domain of thrombo-
spondin-4 is a key determinant in the development of pain states due to 
increased excitatory synaptogenesis. J Biol Chem. 2018;293(42):16453–63.

32.	 Eroglu C, Allen NJ, Susman MW, O’Rourke NA, Park CY, Ozkan E, Chakraborty 
C, Mulinyawe SB, Annis DS, Huberman AD, et al. Gabapentin receptor 

alpha2delta-1 is a neuronal thrombospondin receptor responsible for excit-
atory CNS synaptogenesis. Cell. 2009;139(2):380–92.

33.	 Lana B, Page KM, Kadurin I, Ho S, Nieto-Rostro M, Dolphin AC. Thrombos-
pondin-4 reduces binding affinity of [(3)H]-gabapentin to calcium-channel 
α2δ-1-subunit but does not interact with α2δ-1 on the cell-surface when 
co-expressed. Sci Rep. 2016;6:24531.

34.	 Candelli M, Franza L, Pignataro G, Ojetti V, Covino M, Piccioni A, Gasbarrini A, 
Franceschi F. Interaction between Lipopolysaccharide and Gut Microbiota in 
Inflammatory Bowel diseases. Int J Mol Sci 2021, 22(12).

35.	 Fattori V, Rasquel-Oliveira FS, Artero NA, Ferraz CR, Borghi SM, Casagrande 
R, Verri WA Jr. Diosmin treats Lipopolysaccharide-Induced Inflamma-
tory Pain and Peritonitis by blocking NF-κB activation in mice. J Nat Prod. 
2020;83(4):1018–26.

36.	 Xie W, Wulin H, Shao G, Wei L, Qi R, Ma B, Chen N, Shi R. Polygalasaponin F 
inhibits neuronal apoptosis induced by oxygen-glucose deprivation and 
reoxygenation through the PI3K/Akt pathway. Basic Clin Pharmacol Toxicol. 
2020;127(3):196–204.

37.	 Sun Y, Liu B, Zheng X, Wang D. Notoginsenoside R1 alleviates lipopolysaccha-
ride-triggered PC-12 inflammatory damage via elevating microRNA-132. Artif 
Cells Nanomed Biotechnol. 2019;47(1):1808–14.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	﻿The role of voltage-gated calcium channel α2δ-1 in the occurrence and development in myofascial orofacial pain
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Animal experiment
	﻿Rearing rats
	﻿Establishment a myofascial orofacial pain model
	﻿Behavioral testing
	﻿Quantitative real-time polymerase chain reaction(qRT-PCR)
	﻿Antisense oligodeoxynucleotide treatment


	﻿Cell experiment
	﻿Cell culture
	﻿Lipopolysaccharides (LPS) treatment of PC12 cells



