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Abstract

Background: Chronic pain refers to pain that persists for over three months. Chronic pain may restrict activities of daily living, including
work, learning, social life, and can lead to anxiety, depression, and sleep disturbance. Imaging data have demonstrated that central
sensitization often occurs in the brain of patients with chronic pain, which arises from imbalanced neurotransmission in the central
nervous system. Transient receptor potential vanilloid 1 (TRPV1) is an ion channel to serve as an inflammatory detector in the brain.
We aim to determine the properties of acupoint catgut embedding (ACE) on cold stress-induced mice fibromyalgia (FM) and surveyed
the character of TRPV1 and linked molecules in chronic FM pain. Methods: Intermittent cold stress (ICS) was used to induce mice
FM model. Mice were subgrouped into normal mice, ICS-induced FM group, FM mice with ACE, and FM in Trpv1−/− group. ACE
is a novel acupuncture technique that provides convenience and continuous nerve stimulation that has been reported effective on pain
management. Results: Our behavioral experiments showed similar levels of pain response among all groups before treatment. After
ICS, prolonged mechanical and thermal pain was initiated (mechanical threshold: 1.96 ± 0.12 g; thermal latency: 4.86 ± 0.21 s) and
were alleviated by ACE treatment and TRPV1 gene deletion. Inflammatory mediators were increased in the plasma of FM mice, while
TRPV1 and related kinases were amplified in the hypothalamus and cerebellum. These changes were ameliorated in the ACE-treated and
Trpv1−/− groups. Conclusions: These novel findings suggest that chronic FM pain can be modulated by ACE or TRPV1 gene deletion.
The analgesic effect of ACE through the TRPV1 pathway may reflect its potential as a therapeutic target for FM treatment.

Keywords: fibromyalgia; acupoint catgut embedding; TRPV1; phosphorylated endoplasmic reticulum kinase (pERK); medial prefrontal
cortex (mPFC); somatosensory (SSC)

1. Introduction

Acute pain typically accompanies injury, such as
wounds, tissue damage, or fractures. Various pharmacolog-
ical agents are available to relieve acute pain. In contrast,
chronic pain persists long after recovery from the injury
or damage. About 1/4 of adults suffer from chronic pain,
identified as discomfort sustained for over three months,
and accounts for a high proportion of insurance claims [1].
Chronic pain can result from various etiologies including
arthritis, cancer pain, low back pain, headaches, muscle
pain, and fibromyalgia (FM). FM is presently described
as a complex disease characterized by chronic widespread
muscle pain, fatigue, insomnia, anxiety, and depression
[2]. FM is a growing issue affecting individuals, insur-
ance providers, healthcare systems, economies, and soci-
eties. There are no curative therapies for FMandmethods to
relieve FM pain are lacking due to its unclear fundamental
mechanisms. The occurrence of FM is around 2–8% of peo-
ple, depending on the analytic principles used [2]. New di-

agnostic principles for FM to includewidespread pain index
(WPI) and symptom severity scale (SS). TheWPI examines
19 common body pain parts for two weeks. The SS cal-
culates the degree of fatigue, waking, and cognitive symp-
toms. FM is characterized as WPI ≥7 and SS ≥5 or WPI
3–6 and SS ≥9 in the last three months. Recently, three
medications of FM were permitted by the U.S. Food and
Drug Administration (FDA), including duloxetine (Cym-
balta), milnacipran (Savella), and pregabalin (Lyrica) [3–
5].

Acupuncture is an ancient Chinese medicine tech-
nique that involves implanting a steel needle into an acu-
point. Acupuncture is helpful in managing FM due to its
ability to reduce pain, anxiety, depression, and insomnia
[6,7]. In addition, electroacupuncture (EA) has been de-
scribed to attenuate numerous kinds of pain [8–12]. Re-
cently, acupoint catgut embedding (ACE) was developed
as a novel technique to establish constant acupoint stimula-
tion. ACE treatment has been shown to be more effective
and its benefits prolonged than acupuncture or EA in man-
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aging obesity [13]. ACE has the advantages of long-term
effects and low cost, and has been broadly utilized in the
management of acute or chronic pain [14,15]. Recent arti-
cles showed that ACE activates the immune system because
the absorbable chromic catgut sutures are recognized as a
non-self protein [16]. ACE can induce long-term immune
responses such as macrophage phagocytosis and neutrophil
infiltration [17]. ACE can also reliably diminish postoper-
ative pain and decrease analgesic medicine intake [18].

Transient Receptor Potential Vanilloid (TRPV) is an
ion channel chiefly located on the neuronal membrane.
TRPV can be activated by vanilloid compounds and has six
subtypes. TRPV1 was first recognized as a receptor of cap-
saicin, the major constituent of chili pepper [19]. TRPV1
exists in the dorsal root ganglion, spinal cord, and trigem-
inal ganglion for pain sensation and transmission. In pe-
ripheral regions, TRPV1 greatly exists in A- and C-type
sensory neurons to detect inflammation and painful stim-
uli. TRPV1 was also described to exists in the central nerve
system (CNS) for thermoregulation, synaptic transmission,
and detection of inflammation [19]. Furthermore, TRPV1
is expressed in non-neuronal astrocytes or glial cells for
pain signaling [20]. TRPV1 is expressed in several brain
areas including thalamus, somatosensory cortex, prefrontal
cortex, hippocampus, amygdala, hypothalamus (Hypo),
and cerebellum (CB). TRPV1 activation sequentially acti-
vates kinases, such as protein kinase A (PKA), phospho-
inositide 3-kinases (PI3K), protein kinase C (PKC), and
Ca2+/calmodulin-dependent kinase II (CaMKII) [21,22].
Furthermore, these kinases then trigger mitogen‑activated
protein kinase (MAPK), pAkt, pmTOR, and further in-
crease transcriptional factors, such as cAMP-response el-
ement binding protein (CREB) and nuclear factor kappa-
light-chain-enhancer of activated B cells (NFκB). These
kinases also play a role in sensitizing peripheral afferents
resulting in mechanical and thermal hyperalgesia [21,22].
A recent article indicated that immune cells release several
factors to activate individual receptors on the membrane of
the nerve terminals during pain development and treatment
[23].

The plan of the current study was to verify our hy-
potheses that FM is related to augmenting TRPV1 signaling
in the mouse brain and that ACE ameliorates both mechani-
cal and thermal nociception through suppression of TRPV1
pathway. To address these questions, we used a mouse
FM through intermittent cold stress (ICS). Consistent with
our hypothesis, mice subjected to ICS exhibited significant
chronic mechanical and thermal pain that could be abridged
by ACE or TRPV1 gene deletion. TRPV1 pathway was am-
plified in the mouse Hypo and CB and can be relieved by
ACE and TRPV1 gene loss. These data suggest the thera-
peutic effect of ACE is connected with TRPV1 in themouse
brain. We propose that the TRPV1 signaling pathway is a
potential target for FM treatment.

2. Materials and Methods
2.1 Experimental Animals

The treatment of mice was permitted by China Med-
ical University Committee (CMUIACUC-2022-424), Tai-
wan, subsequent the guideline for the practice of exper-
imental animals (National Academy Press). The current
work is indicated according to the ARRIVE guidelines. To-
tally, 40 female mice were used in the current study, con-
taining 30 normal mice (BioLASCO, Co., Ltd, Taipei, Tai-
wan) and 10 Trpv1−/− mice. The animals were hosted in
the experimental animal center (12/12 h) with all diet and
water provided free. The estimatedmodel size of 10mice in
each group was designed for an α value of 0.05 with the in-
fluence of 80%. Mice used in the present study and their
misery were minimalized. The experimental staffs were
blind to group distribution through the examinations. An-
imals were further subgrouped into four groups: Normal
mice (Group 1: Normal); ICS-initiated FM group (Group
2: FM); FM cured with ACE group (Group 3: FM + ACE),
and FM in Trpv1−/− group (Group 4: FM + Trpv1−/−).

2.2 FM Induction and Multiplex Enzyme-Linked
Immunosorbent Assay

All animals were accommodated at 24 ± 1 °C before
FM induction. In this ICSmodel, the animals were placed at
± 1 °C temperature overnight (starting from 4 PM–10AM).
Animals were next transported to 24± 1 °C temperature for
a 30-minute duration in the nextmorning. The animals were
further relocated back to 4 ± 1 °C temperature for another
30 minutes. The challenge of environmental temperatures
induced a murine FM model. Normal mice were placed in
the same place at room temperature. After all experimen-
tal treatment of FM at day 14, the mice plasma was col-
lected by retro-orbital sinus puncture and examined through
examined multiplex enzyme-linked immunosorbent assay
(ELISA: lot. MA1M191126, Quansys Biosciences, Logan,
UT, USA) through Q-view 1.5 (Quansys Biosciences, Lo-
gan, UT, USA).

2.3 ACE Treatment
ACE mice had received ACE treatment at the bilat-

eral stomach 36 (ST36) acupoint at days 0 and 7. Like
human anatomy, the ST36 acupoint is sited longitudinally
at 3 mm under the apex of patella bone intersecting hori-
zontally 1 mm lateral to anterior the tibia bone at the cen-
tral of the tibialis anterior muscle. Sterilized needle 0.6 ×
25 mm (160925, Terumo Corporation, Tokyo, Japan), steel
needle 0.35× 40 mm (SuzhouMedical Appliance, Suzhou,
China), or catgut suture 0.2× 4 mm (CP Medical Inc, Nor-
cross, GA, USA) were utilized for ACE. Mice were en-
gaged into a chamber for anesthesia. Both ST36 acupoints
were decontaminated with 75% alcohol and the commer-
cial syringe needle was implanted, followed by the catgut
inserted at the 5 mm depth.
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Fig. 1. Mechanical, thermal pain, and inflammatory cytokines in normal, FM, FM+ACE, and FM+Trpv1−/− groups. (A) Me-
chanical force obtained via von Frey examinations. (B) Thermal time observed via the Hargreaves’ test. (C) IL-1α, IL-1β, IL-2, IL-5.
(D) IL-6, IL-9, IL-10, IL-12(p70). (E) IL-13, IL-17A, TNF-α, IFN-γ. (F) MCP-1, and MIP-1α. MIP-1β, RANTES. *shows statis-
tical differences compared with normal mice. #shows statistical differences compared with FM groups. n = 10 in four groups. FM,
fibromyalgia; ACE, acupoint catgut embedding; Trpv1, Transient receptor potential vanilloid 1.

2.4 Pain Behavior Test
Mechanical or thermal nociceptive performances were

measured 7 periods from day 0 to 14 after FM induc-
tion. We first verified the von Frey filament examination,
mechanical pain was tested by calculating the strength of
replies to stimuli within 3 performances of von Frey test
(IITC Life Science Inc, Los Angeles, CA, USA). Animals
were then placed to a steel net (75 × 25 × 45 cm) and then
quarantined under plastic cage (10 × 6 × 11 cm). Animals
were examined with von Frey at center plantar of hind paw.
The values were calculated as gram and were documented
when the mice withdraw the paw. Besides, the Hargreaves’
examination was achieved to quantity the thermal hyperal-

gesia via conniving the latency to thermal stimuli with three
tests through Hargreaves’ test (IITC Life Sciences, Los An-
geles, CA, USA). Animals were then engaged in a flexible
cage on the top of IITC analgesiometer. The thermal exam-
iner was placed under the IITC analgesiometer. Animals
were placed to the behavior room for more than 30 minutes
earlier examinations. The tests were performed when the
individuals were quiet rather than grooming or sleeping.

2.5 Western Blot Analysis

Animals were sedated under isoflurane and suffered
cervical dislocation. Mice Hypo and CB samples were sep-
arated to draw out proteins and further kept at –80 °C re-
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Fig. 2. TRPV1 and linked kinases in the mice hypothalamus. The western blot signals of Normal, FM, ACE, and Trpv1−/−. (A)
TRPV1, pPKA, pPI3K, pPKC, pAkt, and pmTOR. (B) pERK, pp38, pJNK, pCREB, and pNFκB. *shows statistical differences com-
pared with normal mice. #shows statistical differences compared with FM groups. n = 10 in four groups. n = 6 in four groups. (C)
Immunofluorescence signals of TRPV1, pERK, or colocalized labeling in the mice hypothalamus (green, red or yellow). Scale bar = 100
µm. n = 4 in four groups.

frigerator for protein mining. All extracted samples were
standardized with radioimmunoprecipitation (RIPA) with:
1% NP-40, 50 mM Tris-HCl, 0.02% NaN3, 250 mM NaCl,
1 mM Na3VO4, 5 mM EDTA, 50 mM NaF, and 1× pro-
tease blocker set (AMRESCO, Radnor, PA, USA). Total
components were undergoing 8% SDS-Tris electrophore-
sis and conveyed to commercial polyvinylidene difluoride
(PVDF). The membrane was rinsed with 3% bovine serum
albumin (BSA, Merck, St. Louis, MO, USA) in TBS-T
buffer (100 mM NaCl, 10 mM Tris pH 7.5, 0.1% Tween
20), nurtured with a primary antibody in TBS-T for 1
hour against anti-tubulin (∼55 kDa, 1:5000, Merck, St.
Louis, MO, USA), TRPV1 (∼95 kDa, 1:1000, Alomone,
Jerusalem, Israel), pPKA (∼40 kDa, 1:1000, Alomone,
Jerusalem, Israel), pPKC (∼100 kDa, 1:1000, Millipore,
St. Louis, MO, USA), pPI3K (∼125 kDa, 1:1000, Mil-
lipore, St. Louis, MO, USA), pERK1/2 (∼42–44 kDa,
1:1000, Millipore, St. Louis, MO, USA), pp38 (∼41 kDa,
1:1000, Millipore, St. Louis, MO, USA), pJNK (∼42
kDa, 1:1000, Millipore, St. Louis, MO, USA), pAkt (∼60
kDa, 1:1000, Millipore, St. Louis, MO, USA), pmTOR

(∼180 kDa, 1:500, Millipore, St. Louis, MO, USA),
pNFκB (∼65 kDa, 1:1000, Millipore, St. Louis, MO,
USA), and pCREB (∼55 kDa, 1:1000, Millipore, St. Louis,
MO, USA) in TBS-T (1% BSA). The PVDF membranes
were then edited for incubation with individual antibod-
ies. Peroxidase-conjugated anti-mouse, anti-rabbit, or anti-
goat antibodies (1:5000) were utilized as a secondary an-
tibody (Merck, St. Louis, MO, USA). The western blot
signals were imagined with improved chemiluminescent
(PIERCE) with LAS-3000 Fujifilm (Fuji Photo Film Co.,
Ltd., Tokyo, Japan). Visible bands concentrations of pre-
cise molecular weight were counted with Image J software
(NIH, Bethesda, MD, USA). The β-actin band was used as
control.

2.6 Immunofluorescence

Animals had been anaesthetized with isoflurane and
intracardially filled with 0.9% normal saline and then 4%
paraformaldehyde. The mice brain was instantly cut apart
and next fixedwith 4% paraformaldehyde in refrigerator for
2–3 days. The brains were next engaged in 30% sucrose in 4
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Fig. 3. The intensities of TRPV1 and associated factors in CB5. The western blot signals of Normal, FM, FM+ACE, and Trpv1−/−

groups. We found intensifications of (A) TRPV1, pPKA, pPI3K, pPKC, pAkt, and pmTOR. (B) pERK, pp38, pJNK, pCREB, and
pNFκB. *shows statistical differences compared with normal mice. #shows statistical differences compared with FM groups. n = 10 in
four groups. n = 6 in all groups. (C) Immunofluorescence labeling of TRPV1, pERK, and colocalized labeling in CB5 (green, red or
yellow). Scale bar = 100 µm. n = 4 in four groups.

°C refrigerator for 2–3 days. Themice tissue was fixed with
optimal cutting temperature compound and quickly stored
at –80 °C refrigerator. Mice brains were sliced and then
placed on glass slides (20 µm). The tissues were further
rinsed with 3% BSA, 0.1% Triton X-100, and 0.02% NaN3

(1 h). The tissues were then nurtured through the first an-
tibody (1:100, Alomone, Jerusalem, Israel), anti-TRPV1 or
anti-phosphorylated endoplasmic reticulum kinase (pERK)
primed in 1% BSA in 4 °C refrigerator. Tissue slices were
further nurtured with the secondary antibody (1:500), 488-
conjugated AffiniPure donkey anti-rabbit IgG (Merck, St.
Louis, MO, USA), 594-conjugated AffiniPure donkey anti-
goat IgG (Merck, St. Louis, MO, USA) for 2 h at room
temperature. The tissues were further examined with a mi-
croscope (BX-51, Olympus, Tokyo, Japan) with 20 × ob-
jective. The photos were examined with Image J software
(NIH, Bethesda, MD, USA).

2.7 Statistical Analysis

Statistical differences were accomplished by using the
SPSS software (SPSS 21, IBM Corp., Chicago, IL, USA).

All results are offered as the mean with standard error
(SEM). Shapiro-Wilk examination was achieved to exam-
ination the familiarity of results. Statistical differences in
four groups were confirmed via the analysis of variance
(ANOVA) test and a post hoc Tukey’s test. p < 0.05 were
identified as statistical differences.

3. Results
3.1 ICS Induced Mechanical and Thermal Chronic Pain
Which Could Be Relieved by ACE or TRPV1 Gene Loss

We induced a mice FM and determined their anal-
gesic outcome of ACE and TRPV1 gene deletion. All mice
showed similar mechanical threshold tendencies, which
was normally distributed at baseline and was not statisti-
cally different among all groups. Cold stress reliably in-
duced mechanical hyperalgesia (Fig. 1A, red circle, D14:
1.96 ± 0.13, * p ˂ 0.05, n = 10) via von Frey filament
test. Mechanical hyperalgesia was markedly alleviated by
ACE treatment and TRPV1 gene deletion (Fig. 1A, blue and
green circles, D14: 4.05± 0.14 and 4.26± 0.17, # p ˂ 0.05,
n = 10, respectively). ICS also induced thermal hyperalge-
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Fig. 4. TRPV1 and associated kinases in CB6. The western blot signals of Normal, FM, FM+ACE, and Trpv1−/−. (A) TRPV1, pPKA,
pPI3K, pPKC, pAkt, and pmTOR. (B) pERK, pp38, pJNK, pCREB, and pNFκB. *shows statistical differences compared with normal
mice. #shows statistical differences compared with FM groups. n = 10 in four groups. n = 6 in all groups. (C) Immunofluorescence
labeling of TRPV1, pERK, and colocalized labeling in CB6 (green, red or yellow). Scale bar = 100 µm. n = 4 in four groups.

sia, as observed in the Hargraves’ test (Fig. 1B, red circle,
D14: 4.86 ± 0.2, * p ˂ 0.05, n = 10). Furthermore, ACE
decreased thermal hyperalgesia in the FM mice (Fig. 1B,
blue and green circles, D14: 7.15 ± 0.38 and 7.96 ± 0.17,
# p ˂ 0.05, n = 10, respectively).

3.2 Inflammatory Cytokines Intensely Augmented in the
FM Mice and Can Be Alleviated by ACE Treatment or
TRPV1 Gene Loss

Neuroinflammation was detected in the blood and
cerebral spinal fluid in FM patients. Accordingly, we de-
termined the concentration of inflammatory cytokines in
mouse plasma through multiplex ELISA technique. We
measured interleukin-1 alpha (IL-1α), IL-1β, IL-2, IL-5,
IL-6, IL-9, IL-10, IL-12(p70), IL-13, IL-17A, tumor necro-
sis factor alpha (TNF-α), interferon gamma (IFN-γ), mono-
cyte chemoattractant protein 1 (MCP-1), macrophage in-
flammatory protein 1 alpha (MIP-1α), MIP-1β, and regu-
lated on activation, normal T cell expressed and secreted
(RANTES). Inflammatory cytokines were low in normal
mice at basal conditions. IL-1α, IL-1β, IL-2, IL-5, IL-6,
IL-12, IL-17A, TNF-α, IFN-γ, and MCP-1 were increased

at 14 days after FM induction (Fig. 1C–F, red column, * p
< 0.05, n = 10). ACE meaningfully reduced inflammatory
cytokines levels (Fig. 1C–F, blue column, # p < 0.05, n =
10). These cytokines were next reduced in Trpv1−/− group
(Fig. 1C–F, # p < 0.05, n = 10, green column).

3.3 Antinociceptive Effect of ACE or TRPV1 Gene
Deletion Involved TRPV1 in the Mice Hypothalamus

Hypothalamic dysfunction was reported in FM pa-
tients. We performed Western blot to count the protein in-
tensities of molecules in the TRPV1 in the mice hypotha-
lamus. The level of TRPV1 was detected in mice hypotha-
lamus and increased in FM mice (Fig. 2A, black column,
* p ˂ 0.05, n = 6). Further data showed that ACE reliably
reversed the overexpression of TRPV1 (Fig. 2A, black col-
umn, # p ˂ 0.05, n = 6). TRPV1 was disappeared in hy-
pothalamus of Trpv1−/− mice. The level of pPKA, pPI3K,
and pPKCwere amplified in FM group (Fig. 2A, * p ˂ 0.05,
n = 6) and were reduced by ACE treatment or TRPV1 gene
deletion (Fig. 2A, # p ˂ 0.05, n = 6). The level of pAkt and
pmTOR were increased in the hypothalamus (Fig. 2A, * p
˂ 0.05, n = 6) but decreased in AC-treated and Trpv1−/−
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mice (Fig. 2A, # p ˂ 0.05, n = 6). A similar pattern re-
garding pERK, pp38, and pJNK was also observed in the
FM mice. By contrast, this increase was attenuated in mice
treated with ACE or Trpv1−/− mice (Fig. 2B, # p ˂ 0.05, n
= 6). pCREB and pNFκBwere both increased in the mouse
hypothalamus (Fig. 2B, * p ˂ 0.05, n = 6) and were reduced
by ACE or TRPV1 gene loss (Fig. 2B, # p ˂ 0.05, n = 6).

We next used immunofluorescence staining to mea-
sure TRPV1 in the hypothalamus. We detected low lev-
els of TRPV1 in normal mice and increased levels in FM
mouse hypothalamus (Fig. 2C, green color, n = 4). ACE
and TRPV1 loss consistently abolished the augmentation
of TRPV1 (Fig. 2C, green color, n = 4). A similar tendency
was also observed in pERK appearance (Fig. 2C, red color,
n = 4). TRPV1 and pERK colocalization increased in the
FM mice but was diminished in ACE and Trpv1−/− mice
(Fig. 2C, yellow color, n = 4).

3.4 ACE or Loss of TRPV1 Attenuated FM through TRPV1
in the Mouse CB5

We investigated protein levels in the CB5. TRPV1
protein was significantly augmented after FM induction
(Fig. 3A, * p ˂ 0.05, n = 6). In contrast, it was diminished
by ACE handling and TRPV1 gene deletion, compared to
the FM group. (Fig. 3A, # p ˂ 0.05, n = 6). We observed
similar overexpression patterns of pPKA, pPI3K, and pPKC
compared to the normal group that was attenuated in the
ACE and Trpv1−/− individuals (Fig. 3A, # p ˂ 0.05, n =
6). pERK, pp38, pJNK, pCREB, and pNFκB levels were
amplified after FM induction in the CB5 region (Fig. 3B,
* p ˂ 0.05, n = 6). These effects were relieved after ACE
treatment or TRPV1 gene deletion (Fig. 3B, # p ˂ 0.05, n =
6). Using immunofluorescence, we showed TRPV1 is ex-
pressed in the CB5 of normal mice. TRPV1 was increased
after FM induction in the mouse CB5 (Fig. 3C, green color,
n = 4). The level was then reduced by ACE and TRPV1
gene deletion groups (Fig. 3C, green, n = 4). A comparable
finding was perceived for pERK (Fig. 3C, red color, n = 4).
Colocolization of overexpressed TRPV1 or pERK had been
detected in the CB5 of FM mice (Fig. 3C, yellow color, n =
4). The amplified pattern was decreased in ACEor TRPV1
groups (Fig. 3C, yellow color, n = 4).

3.5 Increased TRPV1 Pathway Occurred in FM Mouse
CB6 and CB7 that Can Be Reduced by ACE Treatment and
TRPV1 Gene Loss

Our data determined the TRPV1 and correlated ki-
nases in the CB6 and CB7 in mice. TRPV1 proteins were
significantly augmented after FM stimulation, compared
with normal mice (Figs. 4,5A, black column, * p ˂ 0.05, n
= 6). TRPV1 proteins were reduced in the ACE group and
were not detected in Trpv1−/− mice (Figs. 4,5A, black col-
umn, # p ˂ 0.05, n = 6). FMmice showed augmented pPKA,
pPI3K, or pPKC protein in the CB6 and CB7 (Figs. 4,5A,
* p ˂ 0.05, n = 6). These proteins were reduced in the

EA and Trpv1−/−groups (Figs. 4,5A, # p ˂ 0.05, n = 6).
Similar results were observed for pAkt-pmTOR molecules
(Figs. 4,5A, * p ˂ 0.05, n = 6). EA and Trpv1−/− also re-
duced aforementioned molecules (Figs. 4,5A, # p ˂ 0.05, n
= 6). Overexpression of pERK, pp38, and pJNK was ob-
tained in FM group (Figs. 4,5B, * p ˂ 0.05, n = 6) and was
abrogated by EA and TRPV1 loss (Figs. 4,5B, # p ˂ 0.05, n
= 6). Our data specified a similar profile for the expression
of pCREB and pNFκB (Figs. 4,5B, * p ˂ 0.05, n = 6).

We used immunofluorescence to determine the local-
ization of TRPV1 and pERK in CB6 and CB7 following
FM induction. TRPV1 levels were significantly increased
in the CB6 and CB7 in FM mice (Figs. 4,5C, green flu-
orescence, n = 4), while the result was diminished in the
ACE and Trpv1−/− groups (Figs. 4,5C). These expression
profiles were also observed for pERK (Figs. 4,5C, red flu-
orescence, n = 4). A parallel trend was similarly detected
for TRPV1 and pERK colocalization (Figs. 4,5C, yellow
fluorescence, n = 4).

4. Discussion
We reveal that the FM model mimics the clinical

symptoms of chronic mechanical and thermal nociception
in FM mice. We then presented that ACE at ST36 site reli-
ably attenuated either mechanical or thermal pain. Similar
decreases in pain-related behaviors were also found in mice
lacking TRPV1 receptors. TRPV1 and related kinases were
all increased in the mice Hypo and CB, which are brain ar-
eas involved in pain modulation. These molecules were se-
quentially diminished by ACE and TRPV1 gene deletion,
signifying that the therapeutic effect of ACE is linked with
TRPV1 in the mice Hypo and CB. Our data provide sugges-
tion that TRPV1 signaling pathway molecules could poten-
tially be beneficial targets for FM treatment.

Peripheral nerve stimulation (PNS) is extensively used
in several clinical scenarios, especially for pain control.
ACE shares similar effects as PNS and transcutaneous elec-
trical nerve stimulation for chronic pain management. PNS
is utilized in several chronic pain situations, such as pe-
ripheral nerve injury, local pain syndrome, and FM [24,25].
Gilmore et al. [26] reported that chronic neuropathic pain
is an underdiagnosed nociceptive condition following elim-
ination. They verified the possibility of inserting fine-wire
PNS inserts into the sciatic and femoral nerves for pain con-
trol. They suggest that PNS may deliver noteworthy pain
assistance and facilitate recovery in chronic neuropathic
pain patients. They also showed that 60-day PNS stim-
ulation achieves continuous control of chronic pain [26].
A recent article showed that PNS works through both pe-
ripheral and central mechanisms. In its central mecha-
nism, PNS can activate dorsal horn interneurons to block
pain signals, attenuating central sensitization and hyperal-
gesia. In the spinal cord, PNS may increase the release
of neurotransmitters, including Gamma-aminobutyric acid
(GABA), glycine, serotonin, and cannabinoid pathways
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Fig. 5. TRPV1 and associated kinases in CB7. The western blot signals of Normal, FM, FM+ACE, and Trpv1−/−. (A) TRPV1, pPKA,
pPI3K, pPKC, pAkt, and pmTOR. (B) pERK, pp38, pJNK, pCREB, and pNFκB. *shows statistical differences compared with normal
mice. #shows statistical differences compared with FM groups. n = 10 in four groups. n = 6 in four groups. (C) Immunofluorescence
staining of TRPV1, pERK, and double staining in the mice CB7 (green, red or yellow). Scale bar = 100 µm. n = 4 in four groups.

[27]. PNS in peripheral sites can attenuate nociceptive af-
ferent signals via changes in the local microenvironment,
decrease in neurotransmitters and inflammatory cytokines,
and frequency of neural discharge [28,29].

Cui et al. [30] showed that ACE can alleviate the over-
expression of N-methyl-D-aspartate receptor (NMDA),
pCaMKII, pERK, and pCREB by CFA-treated rats. The
shot of the serotonin 1A receptor agonist mimicked the
properties of ACE and was further blocked by the serotonin
1A receptor blocker WAY-100635 [30]. Du et al. [31] re-
ported that ACE has analgesic effects measured as with-
drawal thresholds and can decrease paw edema in a mouse
inflammatory pain model. ACE markedly ameliorated the
increased protein level of the sigma receptor in the mouse
lumbar spinal cord. ACE also attenuated the increase in
pERK and pp38, and injection of the sigma receptor agonist
PRE084 significantly reversed the phenomena [31]. Our re-
cent publications show that EA can relieve mice FM pain
through TRPV1 pathway [8,10]. The current study further
determined that ACE has an analgesic effect through sup-
pression of TRPV1 activity similar to EA. These results in-
dicate the beneficial effect of ACE for continuous and pro-
longed treatment for FM.

Recently, we showed that EA can relieve both acute
and chronic pain through the TRPV1 pathway. In this
study, we provide evidence that cold stress chronic pain
may be associated with increased TRPV1 in the mouse
brain and that ACE exerts its analgesic effect via suppres-
sion of TRPV1 activity in these areas. To address this issue,
we induced chronic pain by cold stress and observed pain-
related behaviors in mice. Consistent with our hypothesis,
cold stress meaningfully convincedmechanical and thermal
hyperalgesia, and ACE reliably reversed this nociception.
In addition, chronic pain induction increased TRPV1 sig-
naling pathway and correlated kinases in the mouse Hypo
and CB. Furthermore, ACE and TRPV1 gene deletion dra-
matically reduced these molecular changes, suggesting that
TRPV1-induced central sensitization can be reversed.

5. Conclusions
We demonstrate that the antinociceptive effect of ACE

is dependent on TRPV1 pathway in the mouse brain and
that TRPV1 signaling pathways participated in pain con-
trol in the FM model (Fig. 6). We thereby propose that
these could be possible novel targets for the management
of chronic pain.
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Fig. 6. Schematic diagram of TRPV1 and related factors altered by ACE. The summary picture shows the crucial effect of analgesic
mechanisms involving TRPV1 and related factors in mice FM pain. ACE or Trpv1−/−can significantly attenuate the overexpression of
TRPV1 signaling pathway in the mice brain.
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