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Objective: To investigate the effect of ginger moxibustion at “Shenque” (CV8) and “Guanyuan” (CV4) acupoints on primary
dysmenorrhea (PD) rats and explore the possible anti-inflammatory and analgesic mechanism.

Methods: Forty female Sprague-Dawley (SD) rats were randomly divided into five groups: blank group (BG), model group (MG),
ginger moxibustion group (GMG), antagonist capsazepine group (CPZG), and ibuprofen group (IG). PD models were established via
cold stimulation combined with estradiol benzoate and oxytocin administration. GMG received ginger moxibustion, CPZG was
pretreated with CPZ before ginger moxibustion, and 1G received ibuprofen via gavage. Post-intervention, rat pain thresholds and
writhing scores were measured; uterine pathology was observed via HE staining; Enzyme-linked immunosorbent assay (ELISA),
immunohistochemistry (IHC), immunofluorescence (IF), and Western blotting (WB) were used to measure relevant biomarkers.
Results: Ginger moxibustion significantly elevated pain thresholds and reduced writhing scores (vs MG, P<0.01). Capsazepine
partially reversed these effects (vs GMG, P<0.05). Ginger moxibustion up-regulated TRPV1 and SP expression at acupoints (vs MG,
P<0.01), whereas capsazepine suppressed their expression (vs GMG, P<0.01). Ginger moxibustion decreased uterine NE levels while
increasing NE concentrations in both the spinal cord and locus coeruleus (vs MG, P<0.01); Following CPZ antagonism, uterine NE
increased while central NE decreased (vs GMG, P <0.05). Ginger moxibustion downregulated serum TNF-a, IL-6 and uterine PGF,,
(vs MG, P <0.01), while upregulating f2-AR expression; It promoted M2-type polarization of macrophages (increased CD206 and
M2/MO ratio, decreased CD86 and M1/MO ratio, P <0.01), with CPZ partially reversing this effect.

Conclusion: Ginger moxibustion at “Shenque” (CV8) and “Guanyuan” (CV4) acupoints exerts synergistic analgesic and anti-
inflammatory effects by activating the TRPV1 channels in acupoint areas, initiating the bidirectional regulation of the locus coeruleus-
spinal cord-uterus norepinephrine (NE) pathway, and inducing M2 polarization of macrophages.
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Introduction

Primary dysmenorrhea (PD) is a common gynecological disorder clinically characterized by lower abdominal pain during
or around menstrual periods, which may be accompanied by symptoms such as lower abdominal distension, lumbar
soreness, headache, nausea, and diarrhea that may affect daily life and work. According to international epidemiological
studies, the incidence of PD ranges from 45% to 95%, making it a significant public health issue.'* The pathogenesis of
PD remains not fully elucidated, but modern medicine largely attributes it to be the excessive prostaglandin secretion
triggering uterine smooth muscle contractions and reduced uterine blood flow.* Current clinical guidelines for PD
recommend Nonsteroidal Anti-inflammatory Drugs (NSAIDs) as first-line treatments; however, these medications can
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produce side effects on cardiovascular, gastrointestinal, hepatic, and renal functions.>® Hence, it is of great necessity to
explore safe, effective non-pharmacological therapies without toxic side effects. Traditional Chinese Medicine (TCM)
posits that cold stimulation constitutes the primary etiological factor for dysmenorrhea, inducing uterine spasms and
pain.” Moxibustion, as an external therapy in TCM, is widely used in the treatment of PD and has few adverse
reactions.* ' A 2025 network meta-analysis of non-pharmacological therapies for PD revealed that moxibustion
demonstrate greater efficacy than acupuncture in improving VAS scores of PD."!

It has confirmed that moxibustion, a thermal stimulation, activating Transient Receptor Potential Vanilloid Subfamily
Member 1 (TRPV1) channel is one of the certain mechanism.'> TRPV1 is a non-selective cation channel whose
activation elevates intracellular cation concentrations, particularly calcium, participating in multiple physiological and
pathological processes including pain, inflammation and immunity.'*'* Previous studies have revealed that inflammation
serves as a crucial pathological alteration in PD, potentially associated with the induction of central sensitization that
contributes to chronic pain development.'>!” Recent studies have shown that the sympathetic nervous system can
modulate inflammation by releasing NE to activate immune cell receptors.'®'® Meanwhile, some scholars have found
that NE can induce macrophage polarization to the M2-type to achieve anti-inflammatory and tissue repair effects, which
may involve the NE-mediated activation of f2-adrenergic receptors (B2-AR) promoting fatty acid uptake, conversion,
and storage so as to potentiating M2-type functional capabilities.”® The Locus Coeruleus (LC) is the largest noradrenergic
neuron group in the central nervous system, and it may be a new target for anti-inflammation and analgesia.>'*** Besides,
previous studies have demonstrated that moxibustion activates TRPV1 to produce analgesic effects in PD rats and
alleviates uterine inflammation, while NE-induced macrophage transformation is closely associated with inflammation
regulation.'®** Therefore, it is speculated that the anti-inflammatory and analgesic effects of moxibustion are closely
related to the activation of TRPV1 channels at acupoints and the regulation of NE expression in the central nervous
system and target organs as well as macrophage polarization.

In this study, ginger moxibustion at “Shenque” (CV8) and “Guanyuan” (CV4) acupoints was used to treat PD rats.
Comparing with Ibuprofen and CPZ (Antagonist of TRPV1), and observing the therapeutic effects were through HE
staining, immunohistochemistry, immunofluorescence, ELISA assays, and Western blotting, we evaluated therapeutic
efficacy on PD. We further investigated the regulatory effects of acupoint TRPV1 channels on central nervous system
modulation, target organ NE expression, and macrophage polarization.

Methods

Experimental Animals

Specific pathogen-free (SPF)-grade female nulliparous Sprague-Dawley (SD) rats (weighing 160-180 g; 6—8 weeks)
were purchased from Beijing Vital River Laboratory Animal Technology Co., Ltd. (License No. SCXK (Jing)
2021-0006). The rats were allowed free access to food (standard rat chow: 15-20 g/rat/day) and water at a controlled
temperature of 18-26°C, relative humidity of 45-60%, and a 12-hour light/dark cycle. This study was conducted in
accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals (NIH Publication
No. 80-23, Revised 1996) and the International Association for the Study of Pain’s Ethical Guidelines for Studies
Involving Conscious Animals. The experimental protocol was approved from the Laboratory Animal Ethics Committee
of Hebei University of Chinese Medicine (Approval No. DWLL202203115).

Establishment and Treatment of PD Model Rats

Based on the conventional sample size standard in the field of PD animal model research (6—8 animals per group), this
study set 8 rats for each experimental group to ensure sufficient statistical power. Ultimately, all 40 rats successfully
completed the experiment and were included in the analysis.'>'"** Forty experimental rats were acclimatized for three
days. Rats in the diestrus phase were screened via vaginal smear cytology based on cell morphology, type, and quantity,
and were randomly divided into five groups using a random number table: blank group (BG), model group (MG), ginger
moxibustion group (GMQ), antagonist capsazepine group (CPZG), and ibuprofen group (IG), with 8 rats in each group.
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Figure | Intervention and modeling methods for each group of rats.

As illustrated in Figure 1, all groups, except the blank group, underwent daily cold stimulation on an ice surface
(20 min/day) for 12 consecutive days. Concurrently, the rats received subcutaneous injections of estradiol benzoate
(Cat: No. 20240102, Hefei Xinkexin Animal Pharmaceutical Co., Ltd.) at 0.4 mg/rat/day, with additional doses of
0.8 mg/rat on days 4 and 15. One hour after the last estradiol benzoate injection, oxytocin (Cat: No. 20240227, Jiangxi
Bolai Pharmacy Co., Ltd.) was administered intraperitoneally at 2 U/rat. Successful model establishment was
confirmed by the following behavioral responses: pronounced shivering, huddling, reduced activity with a curled
posture, writhing reactions, abdominal retraction, and trunk/hindlimb extension, accompanied by pelvic and unilateral
limb rotation.

From days 10 to 15, the blank and model groups underwent mock handling without any intervention. In the GPM
group, the acupoints “Shenque” (CV8) and “Guanyuan” (CV4) were localized according to the “Experimental
Acupuncture Science” rat acupoint standards. Starting from day 10, 75 min post-modeling, a ginger slice (20 mm
diameter, 3 mm thickness) was placed over the acupoints, followed by an ignited moxa cone (2 cm diameter, 1.5 cm
height) for 10 min, maintaining a local temperature of 43°C. The treatment was performed once daily for six consecutive
days. The CPZ group followed the same GPM protocol but received an additional pre-moxibustion intervention: 10 min
before each session, 50 pL of capsazepine (CPZ; Cat: No. 138977-28-3, MCE, Wuhan) at 0.5 mg/mL was injected into
each acupoint (total 100 pL per rat).>> In the ibuprofen group, from days 4 to 15, ibuprofen tablets (Cat: No. 230202,
Guangdong Huanan Pharmaceutical Group Co., Ltd.) were administered via gavage (prepared at 125 mg/100 mL in

saline, 6.25 mg/kg/day) 75 min post-modeling, once daily for 12 days.

Behavioral Observation

Within 10-30 minutes after intraperitoneal oxytocin injection on day 12 (administered to all groups except BG), BG
received an equivalent volume of normal saline. Writhing responses were observed and scored according to the following
criteria: Grade 0, normal behavior; Grade 1, body tilting or unilateral rotation; Grade 2, hind limb extension; Grade 3,
abdominal turning with hind limb extension. Writhing score = (Grade 0x0 points) + (Grade 1x1 point) + (Grade 2x2
points) + (Grade 3x3 points). Simultaneously, the abdominal mechanical pain threshold of rats was measured using a Von
Frey electronic algesimeter (BIO-EVF4-S, BIOSEB, China). Measurements were taken three times per rat, with the
average value recorded.
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Histopathological Examination

After perfusion, the uterine tissues were fixed in 4% paraformaldehyde, dehydrated in a graded ethanol series, embedded
in paraffin, and sectioned to a thickness of 4 um. The sections were stained with hematoxylin and eosin (HE) to evaluate
histopathological changes. Observations were performed using a light microscope (DFC450C, Leica, China) at 200x
magnification.

Enzyme-Linked Immunosorbent Assay (ELISA)
Serum levels of TNF-a, IL-4, IL-6, and IL-10, uterine PGF,,, and NE in the uterus, lumbar spinal cord, and locus
coeruleus were measured using ELISA Kkits.

- Rat IL-4 ELISA Kit (Cat: No. D731009, BBI, Shanghai)

- Rat IL-6 ELISA Kit (Cat: No. D731010, BBI, Shanghai)

- Rat IL-10 ELISA Kit (Cat: No. D731011, BBI, Shanghai)

- Rat TNF-a ELISA Kit (Cat: No. D731168, BBI, Shanghai)

- Rat PGF,, ELISA Kit (Cat: No. D731028, BBI, Shanghai)

- NE ELISA Kit (Cat: No. D751020, BBI, Shanghai)

Protein concentrations were determined using a Lowry assay kit (Cat: PC0030, Solarbio, Beijing). All procedures
were performed according to the manufacturer’s protocols.

Immunohistochemistry

Following perfusion, the acupoint skin and uterine tissues were fixed in 4% paraformaldehyde, dehydrated, and paraffin-
embedded. For immunohistochemical staining, 4 pm sections were dewaxed in xylene and rehydrated using graded
ethanol. After antigen retrieval and blocking, the sections were incubated overnight at 4°C with primary antibodies
against TRPV1 (Cat: No.bs-23926R, 1:300, Bioss, Beijing) or f2-AR (Cat: No. bs-0947R, 1:300, Bioss, Beijing).
Secondary antibodies were applied at room temperature, followed by DAB staining and hematoxylin counterstaining
of the cells. The slides were observed under a light microscope (DFC450C, Leica, China) at 200x magnification. The
integrated optical density (IOD) was quantified using the ImageJ software.

Immunofluorescence

Tissue processing was performed following the same protocol described in Section 2.5. For immunofluorescence, the
sections were incubated overnight at 4°C with primary antibodies against CD86 (Cat: No. 26903-1-AP, 1:400,
Proteintech, Wuhan) or CD206 (Cat: No. 18704-1-AP, 1:400, Proteintech, Wuhan), followed by secondary antibodies
conjugated with D-594 fluorophore. After additional antigen retrieval, the sections were incubated with F4/80 primary
antibody (Cat: No. 28463-1-AP, 1:400, Proteintech, Wuhan) overnight at 4°C, followed by D-488-conjugated secondary
antibodies. The nuclei were counterstained with DAPI-containing antifade mounting medium. Fluorescence images were
captured using a microscope (DM750, Leica, China) at 100x magnification, and 10D was quantified with Imagel
software.

Western Blotting Analysis
Protein extracts from the acupoint skin and uterine tissues were analyzed using the following primary antibodies:

- TRPV1 (Cat: No.bs-23926R, 1:1000, Bioss, Beijing)

- B2-AR (Cat: No.bs-0947R, 1:1000, Bioss, Beijing)

- GAPDH (Cat: No.bs-10900R, 1:10000, Bioss, Beijing) as loading control

Immunoreactive bands were visualized by film development, scanned (Epson Perfection V39, Japan), and quantified
using the ImageJ software. The band intensities were normalized to GAPDH.

Statistical Analysis
Statistical analyses were performed using Prism 10.1.2 software. Measurement data conforming to normal distribution
with homogeneous variance were expressed as mean =+ standard deviation (SD) and analyzed by one-way analysis of
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variance (ANOVA) followed by Tukey’s test. For data not conforming to normal distribution, the rank-sum test was used
to compare medians and interquartile ranges (IQR). Categorical data were analyzed using the chi-square test.
A significance level of P < 0.05 was adopted.

Results

Comparison of Behavioral Indicator

As shown in Figure 2, Compared with BG, rats in MG exhibited increased writhing scores and decreased pain thresholds
(P <0.01). Compared with MG, rats in GMG, CPZG, and IG showed decreased writhing scores and increased pain
thresholds (P <0.01). Compared with GMG, rats in the CPZG demonstrated increased writhing scores and decreased pain
thresholds (P <0.05, P <0.01).

HE Staining of Uterine Tissues of Rats

As shown in Figure 3. In BG, the morphology of the uterine tissue was regular, the endometrial epithelial cells were
arranged neatly in columns, and no inflammatory cell infiltration was observed in the tissue. In MG, congestion of the
endometrium, a large number of vacuolar degeneration and necrosis, and inflammatory cell infiltration, mainly by
neutrophils, were visible in the uterine tissue of rats. In GMG, the uterine tissue structure was similar to that of the
blank group, with occasional congestion and necrosis. In CPZG and IG, the morphology of the uterine tissue of rats was
relatively regular, vacuolar degeneration and death of endometrial epithelial cells were reduced, and a small amount of
inflammatory cell infiltration was visible.

Comparison of PGF,, Content in the Uterus of Rats

PGF,,, is a key indicator for evaluating PD. As shown in Figure 4, compared with BG, the PGF,,, content in the uterus of rats
in MG increased (P < 0.01). Compared with MG, the PGF,, content in the uterus of rats in GMG, CPZG, and IG decreased
(P <0.05 or P <0.01). Compared with GMG, the PGF,, content in the uterus of rats in the CPZG increased (P < 0.01).
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Figure 2 Behavioral Indicators in Rats Across Groups, (A) Comparison of writhing scores in rats. (B) Comparison of pain thresholds in rats. (*P<0.01 vs BG; "P<0.01 vs
MG; “P<0.05, “4P<0.01 vs GMG.).

CPZG IG

- 4

Figure 3 The HE staining results of the uteruses of rats in each group (magnification 200x). The yellow, blue, red, and black arrows represent vacuolar degeneration,
neutrophil infiltration, hyperemia, and necrosis, respectively.
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Figure 4 The content of PGF,, in the uterus of each group of rats. (**P<0.01 vs BG; #P<0.05, #P<0.01 vs MG; 22P<0.01 vs GMG.).

Comparison of TRPVI and SP Expression in the Acupoint Areas of Rats

As shown in Figures 5 and 6, compared with BG, the expression of TRPV1 and SP in the acupoints of rats in MG was
significantly increased (P < 0.01). Compared with MG, the expression of TRPV1 and SP in GMG and CPZG was
increased (P < 0.05 or P < 0.01), whereas TRPV1 and SP expression at acupoints was significantly suppressed in CPZG
compared with GMG (P <0.05 or P <0.01).

Comparison of NE content in the uterus, spinal cord, and locus coeruleus nucleus and

B2-AR expression in the uterus of rats
As shown in Figure 7, compared with BG, the NE content in the uterus of MG increased (P < 0.01), and the NE content
in the spinal cord and locus coeruleus nucleus decreased (P < 0.05 or P < 0.01). Compared with MG, the NE content in
the uterus of GMG, CPZG, and IG decreased (P < 0.05 or P < 0.01), and the NE content in the spinal cord and locus
coeruleus nucleus increased (P < 0.05 or P < 0.01). Compared with GMG, the NE content in the uterus of rats in CPZG
increased (P < 0.05), and the NE content in the spinal cord and locus coeruleus nucleus decreased (P < 0.05).

As shown in Figure 8, compared with BG, the expression of uterine B2 - AR in MG was decreased (P < 0.01).
Compared with MG, the expression of uterine B2 - AR in GMG, CPZG, and IG was increased (P < 0.05 or P < 0.01).
Compared with GMG, the expression of uterine B2 - AR in CPZG was decreased (P < 0.05 or P < 0.01).

Comparison of Macrophage Distribution in Each Group of Rats

CD86 is a marker of M1 polarization of macrophages. The ratio of M1/M0 macrophages was compared by co-staining
with CD86 and F4/80. As shown in Figure 9, compared with BG, the expression of CD86 in the uterus and the M1/MO
ratio in MG increased (P < 0.01). Compared with MG, the expression of CD86 in the uterus and the M1/M0 ratio in
GMG, CPZG, and IG decreased (P < 0.05 or P < 0.01). Compared with GMG, the expression of CD86 in the uterus and
the M1/MO ratio in CPZG of rats increased (P < 0.05).

CD206 is a marker of M2 macrophage polarization. Co-staining of CD206 and F4/80 was used to compare the M2/
MO ratio of macrophages. As shown in Figure 10, compared with BG, the expression of CD206 in the uterus and the M2/
MO ratio in MG decreased (P < 0.01). Compared with MG, the expression of CD206 in the uterus and the M2/MO ratio in
GMG, CPZG, and IG increased (P < 0.05 or P < 0.01). Compared with GMG, the expression of CD206 in the uterus and
the M2/MO ratio in CPZG of rats decreased (P < 0.01).
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Figure 5 Expression of TRPVI in acupoint areas of rats in each group. (A) Immunohistochemical staining image. The arrow represents the positive expression area
(magnification 200x). (B) Western blot band. (¥P<0.01 vs BG; #P<0.05, P<0.01 vs MG; “P<0.05, “*P<0.01 vs GMG; ns: not significant.).

Comparison of Serum Inflammatory Factor Levels in Each Group of Rats

As shown in Figure 11, compared with BG, the levels of TNF-a and IL-6 in the serum of rats in MG increased (P <
0.01), while the levels of IL-4 and IL-10 in the serum decreased (P < 0.01). Compared with MG, the levels of TNF-a and
IL-6 in the serum of GMG, CPZG and IG decreased (P < 0.05 or P < 0.01), and the levels of IL-4 and IL-10 in the serum
increased (P < 0.05 or P < 0.01). Compared with GMG, the levels of TNF-a and IL-6 in the serum of rats in CPZG (P <
0.05), while the levels of IL-4 and IL-10 in the serum decreased (P < 0.05).

Discussion

Pathological Mechanism of PD and Basis for Ginger Moxibustion Intervention

The pathogenesis of PD is complicated with neurological, endocrine, genetic, immunological, psychological, and
lifestyle factors.’*® Modern research widely recognizes prostaglandins (PGs) as the primary cause of PD, among which
PGF,, can trigger abnormal uterine contractions, leading to uterine hypoxia and pain.”’ As a first-line treatment for PD,
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Figure 6 Expression of SP in acupoint areas of rats in each group. (A) Immunohistochemical staining image. The arrow represents the positive expression area
(magnification 200%). (B) Western blot band. (**P<0.01 vs BG; #P<0.05, #P<0.01 vs MG; 2P<0.05 vs GMG; ns: not significant.).

Ibuprofen alleviates uterine pain by inhibiting cyclooxygenase (COX) activity, blocking prostaglandin synthesis, and
thereby reducing uterine contractions and ischemic conditions.'

In TCM theory, PD is classified under the category of “menstrual abdominal pain”, with the core pathogenesis being
“obstruction leads to pain”, primarily caused by external factors such as cold-dampness evil obstructing qi and blood.***!
A famous classic of TCM called “Jingyue Quanshu” states: “When cold congeals in the uterus, menstrual flow contains
blood clots accompanied by severe abdominal pain”, highlighting the critical role of cold pathogens in PD
pathogenesis.*> Modern research has also demonstrated that cold stimulation causes abnormal hemorheology and
increased uterine arterial blood flow resistance in PD patients, providing objective support for the “obstruction leads
to pain” mechanism induced by cold pathogens.® As an external therapy of TCM, ginger moxibustion combines the
warming effect of moxibustion with the acrid-warm medicinal properties of ginger, thereby enhancing its efficacy in
warming meridians, dispelling cold, dredging collaterals, and alleviating pain.***> According to the basic theory of
meridians and collaterals, both the Conception Vessel (passing through Shenque CV8) and Thoroughfare Vessel (passing
through Guanyuan CV4) originate from the uterus. Ginger moxibustion stimulates acupoints along the Conception
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Figure 7 The NE content in the uterus, spinal cord, and locus coeruleus of rats in each group. (A) NE levels in the uterus. (B) NE levels in the spinal cord. (C) NE levels in
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Vessel, regulating qi and blood flow in both the Conception and Thoroughfare Vessels and achieving the therapeutic
principle that “free flow prevents pain”.*

This study replicated a PD model using cold stress combined with estradiol benzoate and oxytocin administration.
Results demonstrated a lowered pain threshold and elevated writhing scores in rats. Pathological examination revealed
significant inflammatory cell infiltration in uterine tissues alongside increased uterine PGF,,, levels. Interventions using
ginger moxibustion at the “Shenque” (CV8) and “Guanyuan” (CV4) acupoints, as well as ibuprofen administration, both
reversed the aforementioned indicators. This demonstrates that ginger moxibustion yields favorable therapeutic outcomes

in treating PD.

TRPVI Serves as the Key Molecule Mediating the Effects of Ginger Moxibustion
TRPV1 is primarily expressed in subsets of small-diameter unmyelinated (C) and medium-diameter myelinated (Ad)
nociceptors, which can be activated by multiple stimuli such as acidic conditions (pH < 6.0), noxious heat (>43°C),
peptide toxins, and various endogenous or exogenous ligands.'® The expression of TRPV1 in the skin and subcutaneous
tissue of acupoints is higher than that in non-acupoint regions, and its expression is further upregulated after acupuncture
and moxibustion stimulation.®” It has been verified that moxibustion induces stimulation conduction by activating
TRPV1 and HSP expression in acupoint tissues, thereby initiating or activating multiple central endogenous analgesic
systems to produce analgesic effects.®® Furthermore, upon TRPV 1 activation at acupoints by acupuncture and moxibus-
tion stimulation, it triggers local calcium influx and ATP release, activating sensory afferent fibers (C/Ad fibers) to exert
analgesic and neuroinflammatory regulation effects.>® Besides, there exists dense nerve fibers nearby acupoints which
play a role in the transmission of acupuncture signal. For instance, acupuncture and moxibustion can activate TRPV1
channels at acupoints to release neuropeptides such as CGRP and SP, which is involved in the regulation of neural signals
aiming at the function of analgesic and anti-inflammatory.*® Not only that, activation of TRPV1 channels can also induce
mast cell degranulation, which may be pivotal to the anti-inflammatory and analgesic effects triggered by moxibustion.*’

This study further revealed that ginger moxibustion significantly increased the expression of TRPV1 and SP proteins
at the “Shenque” (CV8) and “Guanyuan” (CV4) acupoints. However, the TRPV1 antagonist CPZ partially reversed its
analgesic and anti-inflammatory effects, manifested by phenomena such as rebound in uterine PGF,, levels and elevation
of serum pro-inflammatory factors. These results confirm that the TRPV1 channel serves as a critical mediator in ginger
moxibustion for treating PD, with its mediated neural signals regulating downstream effects.

Locus Coeruleus-Spinal Cord NE Pathway Mediates Central Analgesia and Peripheral
Anti-Inflammatory Synergy

C/Ad nerve fibers, as primary signal conduits for TRPV1, play a vital role in nociceptive transmission.** Their afferent
signals ascend through the spinal cord to the periaqueductal gray (PAG), subsequently projecting to the LC.***
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Activated TRPV 1 receptors can induce neuronal excitation in the LC and upregulate c-Fos expression.** In our previous
study, we demonstrated that mild moxibustion at Shenque (CV8) and Guanyuan (CV4) alleviated PD by modulating
central sensitization, evidenced by reduced TRPV1, CD11B, and c-Fos expression in the spinal dorsal horn and
hypothalamus.'” The LC is a key noradrenergic nucleus within the brainstem.*® Activation of the locus coeruleus-
spinal cord noradrenergic pathway may exert analgesic effects by increasing spinal NE levels, and it might be related to
the NE-mediated suppression of microglial and astrocyte activation in the spinal cord, consequently reducing pro-
inflammatory factor expression while enhancing anti-inflammatory factor expression.*”*® A study oriented in post-
operative pain has confirmed that electroacupuncture activates the LC-NE pathway projecting to the spinal cord,
releasing NE to enhance inhibitory neurotransmitters within the spinal cord, ultimately producing analgesic effects.
However, inhibiting locus coeruleus activity blocked electroacupuncture-induced analgesic effects by optogenetics
experiments further demonstrated that.*” Furthermore, NE released by postganglionic sympathetic nerve fibers acts on
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target organs through a dual-receptor mechanism (B-AR for anti-inflammatory effects, a-AR for pro-inflammatory
effects), dynamically regulating immune function.’® Studies have found that NE promotes fatty acid uptake and storage
via macrophage B2-AR, inducing M2 polarization (characterized by elevated CD206 and IL-10 levels) and suppressing
inflammation.® Acupuncture and moxibustion exert organ-specific immunomodulation through neural transmission via
the synergistic action of the cholinergic anti-inflammatory pathway and the NE pathway.**

This study demonstrated that ginger moxibustion exerted a site-specific modulation of NE levels, which underlay its
synergistic analgesic and anti-inflammatory actions. Specifically, ginger moxibustion displayed its effects through
a coordinated mechanism that regulated the expression of NE at distinct locations—elevating central NE to promote
analgesia while optimizing the peripheral NE environment to foster anti-inflammation—thus illustrating the holistic

regulatory advantage of acupuncture and moxibustion therapy.

M2-Type Macrophage Polarization Serves as the Core Mechanism Underlying Ginger

Moxibustion’s Improvement of Uterine Inflammation

The severity of uterine inflammation is closely correlated with the occurrence and progression of PD. Inflammation can
directly trigger uterine smooth muscle and vascular contraction by releasing prostaglandins, leukotrienes, and cytokines,
leading to uterine hypoxia and pain; or by influencing neurotransmitters to further regulate pain perception, thereby
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forming a feedback loop between inflammation and pain.?*-*'~> Moxibustion exerts its anti-inflammatory effects through
multidimensional regulation of complex inflammatory networks by modulating molecular components (inflammatory
factors, free radicals), cellular activities (immune cell activation), and systemic integration (neuro-endocrine-immune
axis), representing a feasible therapeutic approach with significant potential.”*>> Although existing studies have
extensively explored the analgesia mechanisms of moxibustion, it remains insufficient in the perspective of anti-
inflammatory for PD treatment.”®>®

Macrophage polarization plays a critical role in inflammatory responses. M1-type macrophages are typically
associated with pro-inflammatory reactions, while M2-type macrophages are involved in anti-inflammatory processes
and tissue repair. Therefore, promoting M2-type polarization of macrophages is of significant importance for alleviating
inflammatory responses in lesion sites.”> M2-type macrophages primarily secrete anti-inflammatory factors and neuro-
protective mediators, which inhibit pain signal transmission by binding to receptors on nociceptive neurons.*® Studies
have indicated that anti-inflammatory cytokines (e.g., IL-10) released by M2-type macrophages can counteract the effects
of TNF-a on sodium channels in dorsal root ganglia, playing a crucial role in suppressing neuropathic pain.®' Within the
peritoneal immune microenvironment, macrophages can also participate in the pathogenesis of uterine pain by secreting
Netrin-1, which influences nerve fiber growth and distribution. Furthermore, polarization toward M2 macrophages

reduces neuroinflammation and pain by modulating neuro-immune interactions.**%*

B2-AR activation elevates intracel-
lular cAMP/PKA levels, subsequently phosphorylating and activating the nuclear transcription factor PPARy.?® Activated
PPARYy directly binds to the M2-type gene promoter, driving macrophage polarization toward the M2 phenotype. This
manifests as increased release of the anti-inflammatory factor IL-10 and enhanced tissue repair capabilities.®*

In this study, the endometrium of PD model rats exhibited inflammatory cell infiltration and a surge in serum pro-
inflammatory factors (TNF-a, IL-6). While Ibuprofen demonstrated some regulatory effects on inflammatory factors, it
showed no significant impact on uterine f2-AR expression or macrophage polarization. Ginger moxibustion reduced
local NE levels in the uterus, releasing inhibition of B2-AR internalization while upregulating its expression;
Furthermore, the GMG exhibited decreased CD86+ (M1-type) macrophages and increased CD206+ (M2-type) macro-
phages in the uterus, with a reduced M1/MO ratio and elevated M2/MO ratio, confirming it promotes M2-type polariza-
tion of macrophages through 2-AR mediation. TRPV1 antagonist CPZ partially reversed these effects, indicating that
TRPV1 activation by ginger moxibustion plays a pivotal role in regulating uterine inflammation and mediating analgesia.

This study assessed macrophage polarization using classical surface markers, including CD86 and CD206, as well as
the M1/MO0 and M2/MO ratios. Although macrophage activation states are highly plastic and complex, making it difficult
for a single marker to fully capture their functional profile, however, the combination of markers used here—together
with the reversal effect seen with CPZ treatment—has provided strong support for the hypothesis that ginger moxibustion
promoting M2 polarization of uterine macrophages through TRPV1 receptor activation.

Study Limitations and Future Perspectives

This study has several limitations: (1) The model validation metrics lacked indicators such as cold coagulation and blood
stasis syndrome scores and hemorheological parameters; (2) The use of CPZ may nonspecifically affect other ion
channels like Transient Receptor Potential Ankyrin 1 (TRPA1). Future research should refine experimental designs by
employing TRPV1 knockout rat models for further validation; (3) Given the high plasticity of macrophage activation
states, future studies could incorporate additional markers (such as M1-associated iINOS, TNF-o and M2-associated
Argl, YM1/2) combined with functional assays to verify dissect phenotypes more precisely. (4) Additionally, the current
study has not utilized optogenetics to inhibit or specifically activate the Locus Coeruleus to observe effects on PD. Future
studies will employ neural tracing techniques to clarify direct Locus Coeruleus-uterus projections and apply optogenetics
to verify their necessity in ginger moxibustion effects.

Conclusion

Ginger moxibustion at “Shenque” (CV8) and “Guanyuan” (CV4) acupoints exerts synergistic analgesic and anti-
inflammatory effects via a multi-target mechanism: activating acupoint TRPV1, regulating the locus coeruleus-spinal
cord-uterus NE pathway bidirectionally, and inducing uterine macrophage M2 polarization through f2-AR upregulation,
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providing new insights into how this traditional therapy alleviates PD by integrating neural signaling, neurotransmitter
regulation, and immune modulation.
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