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Declining fertility due to ovarian dysfunction is a critical concern for population sustainability. Acupuncture shows potential for ovar-

ian functional restoration, primarily mediated through its neuromodulatory effects on the hypothalamic-pituitary-ovarian (HPO) axis.

Accumulating evidence from clinical and animal studies suggests that acupuncture modulates ovarian function through multiple neu-

roendocrine pathways. Specifically, acupuncture regulates hypothalamic activity by influencing the release of reproduction-associated

neuropeptides (e.g., kisspeptin, neuropeptide Y, and gonadotropin-releasing hormone) and neurotransmitters (e.g., gamma-aminobutyric

acid, serotonin, glutamate, and dopamine). Additionally, it may affect peripheral-to-central sensory nerve pathways as well as sympa-

thetic and parasympathetic neural activity, which collectively enhance ovarian function. In this article, we comprehensively reviewed

the neuroendocrine regulatory pathways through which acupuncture exerts its therapeutic effects in ovarian diseases, thereby providing

a deeper understanding of the mechanisms involved and the directions for future research.
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1. Introduction

Ovarian disorders refer to a category of pathological
conditions affecting ovarian structure, function, or hormone
secretion, which may lead to reproductive dysfunction, en-
docrine imbalances, and systemic complications. Delayed
childbearing, exposure to environmental pollution, and the
increasing incidence of malignant diseases in younger in-
dividuals are contemporary factors affecting female ovar-
ian health [1]. Current clinical treatments for ovarian dis-
eases include hormone therapy, ovulation induction with
medications, insulin sensitizers, and other pharmacologi-
cal approaches. Among these, estrogen and progesterone
replacement therapy is the classic intervention for prema-
ture ovarian failure and ovarian insufficiency, and it is cur-
rently the first-line recommendation in major clinical guide-
lines [2]. However, long-term estrogen exposure may in-
crease the risk of venous thrombosis and ovarian cancer.
Discontinuation of hormone replacement therapy may lead
to a recurrence of symptoms associated with ovarian func-
tion decline, and this underlying decline is often irreversible
[3]. Assisted reproductive technologies utilize various cry-
opreservation techniques to protect reproductive cells and
ovarian tissue, helping infertile couples achieve pregnancy

[4]. However, following ovarian tissue cryopreservation
and transplantation, significant follicular loss occurs due to
ischemia, which shortens the lifespan of the transplanted
tissue [5,6]. Approximately 80% of follicles are lost during
ovarian tissue cryopreservation and transplantation proce-
dures. For women of advanced age or those with low ovar-
ian reserve, ovarian cryopreservation may accelerate ovar-
ian failure [7]. Although in vitro fertilization and intracyto-
plasmic sperm injection improve the chances of conception,
they also increase the risk of scar tissue formation, infec-
tions, bleeding, and uterine rupture in future pregnancies, in
addition to being costly [8,9]. Currently, no single therapy
stands out as superior, and a range of interventions, includ-
ing acupuncture, are being tested worldwide.

As a minimally invasive modality, acupuncture car-
ries minimal risks of physical trauma or infection when
performed under strict aseptic protocols, with reported ad-
verse events typically being mild and self-limiting [10—13].
Clinical observations up to May 2023 indicate that com-
pared with clomiphene monotherapy, adjunctive acupunc-
ture therapy reduces the incidence of luteinized unruptured
follicle syndrome (LUFS) and ovarian hyperstimulation
syndrome (OHSS) while alleviating clomiphene-associated
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adverse effects such as nausea, vomiting, headache, and
dermatitis [14]. Nevertheless, methodological heterogene-
ity among existing studies necessitates further validation of
acupuncture’s safety profile and adverse event rates in ovar-
ian disorder management through rigorously controlled tri-
als. Acupuncture modulates the neuroendocrine function
of the hypothalamic-pituitary-ovarian (HPO) axis [15,16]
by influencing hypothalamic and circulating neuropeptides
(e.g., kisspeptin [ 17] and S-endorphin [ 18]) and neurotrans-
mitters (e.g., gamma-aminobutyric acid (GABA) and sero-
tonin (5-HT) [19]). Recent studies have explored pathways
underlying acupuncture-mediated HPO axis modulation for
ovarian functional improvement. Notably, each ovarian
follicle is predominantly innervated by a single sympa-
thetic nerve fiber, with ovarian innervation playing a critical
role in folliculogenesis. Electroacupuncture (EA) enhances
neurovascular density around mature follicles, as demon-
strated by a study [20]. Sympathetic pathways may mediate
EA’s effects on ovarian hemodynamics: low-frequency EA
reflexively augments ovarian blood flow (OBF) via sym-
pathetic activation under physiological conditions, whereas
high-frequency EA reduces OBF as a passive response to
systemic circulatory adjustments [21]. Ablation of sympa-
thetic innervation and spinal cord transection abolishes EA-
induced ovarian hemodynamic regulation, suggesting that
supraspinal pathways govern acupuncture’s ovarian neuro-
modulatory effects [22]. Another mechanism of action of
EA in the treatment of ovarian diseases is acupoint-ovarian
signaling through spinal segmental and supraspinal nerve
circuits. The regulatory pathway involves transmitting lo-
cal stimulation effects from the acupuncture sites to the
hypothalamic nuclei, which affects ovarian function [23].
Considering the existing evidence, this review provides a
detailed summary of the regulatory effects of acupuncture
on the neuroendocrine network and potential neural path-
ways from cutaneous stimulation to target organs. Such a
summary can deepen our understanding of the mechanisms
of acupuncture and offer insights and directions for multi-
target treatment strategies for ovarian diseases.

2. Neuroendocrinology and Ovarian
Function

The interaction between the central nervous system
(CNS) and endocrine system helps maintain ovarian func-
tion, including follicular development, maturation, and
ovulation [24]. The neuroendocrine control of ovarian
function is regulated by the HPO axis, with multiple inter-
nal and external cues integrated through neural networks
in the brain. Gonadotropin-releasing hormone (GnRH) re-
leased from the hypothalamus serves as the ultimate brain
signal regulating reproduction, and neuropeptides in the hy-
pothalamus play an indispensable role in the regulation of
GnRH [17,25]. Kisspeptin neurons in the arcuate nucleus
co-express kisspeptin, neurokinin B (NKB), and Dynor-
phin (DYN) [26]. NKB belongs to the tachykinin family

and primarily interacts with neurokinin-3 receptor to acti-
vate kisspeptin release [27]. DYN inhibits kisspeptin se-
cretion by binding to the kappa opioid receptor [28]. The
activating effect of NKB and inhibitory effect of DYN
are essential for the coordination of kisspeptin secretion
[27,29]. Kisspeptin acts directly on GnRH neurons via G
protein-coupled receptor 54 (GPR54), causing the pulsatile
release of GnRH from the pituitary portal blood system
to the anterior pituitary gland [30,31]. Specific hormone-
producing cells in the anterior pituitary release follicle-
stimulating hormone (FSH) and luteinizing hormone (LH)
into the bloodstream, thereby regulating gonadal activity
[32]. However, dysregulated hypothalamic DYN secretion
leads to increased GnRH pulses, which in turn induces ex-
cessive LH secretion, irregular follicular development, and
ovulatory difficulties, causing disorders such as polycystic
ovary syndrome (PCOS) and precocious puberty [33,34].
Conversely, insufficient hypothalamic GnRH pulse secre-
tion results in underdeveloped breasts, immature vulva, and
primary amenorrhea, affecting the normal development and
release of oocytes, and potentially leading to infertility or
recurrent miscarriage [35]. Additionally, the abnormal cen-
tral feedback effect of estradiol (E) can disrupt the bal-
anced operation of the HPO axis, resulting in reduced fer-
tility and gradual decline in the functions of multiple organs
[36,37]. This issue has been discussed in greater detail in
articles by Sang et al. [38] and Dufour et al. [39].

In addition to neuropeptides, neurotransmitters such
as GABA, glutamate (Glu), and serotonin (5-HT) help
regulate GnRH secretion in the hypothalamus [40-42].
In red seabream, it has been well established that 5-HT,
GABA, and neuropeptide Y promote the release of GnRH
[43]. Inhibition of the GABA content in the median emi-
nence of female monkeys by either antisense oligodeoxynu-
cleotides or dinucleotides against GAD67 mRNA, which
encodes glutamic acid decarboxylase 67, acutely inacti-
vates GABA type A receptors or reduces GABA mRNA
levels, leading to immediate GnRH release and early onset
of menarche and ovulation [44]. Additionally, dopamine
shares many signaling components with GnRH receptors.
While GnRH activates phospholipase C [45], dopamine is
known to exert inhibitory effects by preventing the pro-
duction of inositol 1,4,5-trisphosphate and diacylglycerol,
thus counteracting the GnRH-induced increase in intra-
cellular calcium concentration and reducing protein ki-
nase C and mitogen-activated protein kinase (MAPK) ac-
tivity [46]. Interestingly, MAPK activity is considered
a mediator of GnRH-induced stimulation of gonadotropin
subunit gene transcription [47]. Furthermore, Glu acti-
vates N-methyl-D-aspartate receptors [48], protein kinases
(calcium/calmodulin-dependent protein kinase) [49], phos-
phatidylinositol 3-kinase [50], and MAPK pathways [51].
These pathways collectively promote the synthesis and re-
lease of GnRH. Notably, the dynamic balance between
central neurotransmitters and endocrine cells in regulating
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sex hormone levels and the occurrence of ovarian function
involves Glu, which inhibits the release of hypothalamic
and blood GnRH [52], while GABA and 5-HT promote
GnRH release [43]. These findings elucidate the pivotal
role of GnRH dysregulation-induced gonadal steroid imbal-
ance within the HPO axis in the pathogenesis of ovarian dis-
orders, while highlighting the dynamic interplay between
hormone receptor expression profiles and disease progres-
sion.

3. Neuroendocrine Regulation of the HPO
Axis by Acupuncture

Previous studies have focused on the regulation of
GnRH secretion by acupuncture, which influences the re-
lease of LH and FSH by the pituitary gland [17,53,54].
However, there has been little research on the effects of
acupuncture on the upstream regulation of GnRH. GnRH
secretion is regulated by the three key neurotransmitters se-
creted by the upstream neurons (kisspeptin, neuropeptide
Y (NPY), and DYN) [39], and by various other neurotrans-
mitters such as GABA, Glu, 5-HT, and dopamine (DA) [55—
59]. The following section summarizes the role of acupunc-
ture in regulating the neuroendocrine balance in the HPO
axis from the perspective of neuropeptides and neurotrans-
mitters.

3.1 Regulation of Neuropeptides

Kisspeptin, encoded by the Kiss/ gene, acts on the
hypothalamus and is a key neuropeptide involved in the
regulation of GnRH and reproductive processes [30,60].
Studies have shown that acupuncture at Guanyuan (CV4)
and Zigong (EX-CA1) can regulate the GnRH/kisspeptin-
GPR54 signaling pathway in the hypothalamus of ovariec-
tomized female rats [61]. This mechanism mimics the ef-
fect of administering small doses of E5 to increase the se-
cretion of GnRH, GPR54, and kisspeptin-1 in the hypotha-
lamus of ovariectomized rats, thereby exciting the hypotha-
lamic kisspeptin-GPR54 signaling pathway [31]. This pro-
motes the expression of corticotropin-releasing hormone
mRNA and release of corticotropin-releasing hormone in
the hypothalamus, leading to increased peripheral blood E,
levels and improved functional activity of the HPO axis in
ovariectomized rats [62]. This may be one of the mech-
anisms underlying the improvement of ovarian dysfunc-
tion by acupuncture. Additionally, after electroacupuncture
treatment, increased Kisspeptin protein expression was de-
tected in the ovaries of PCOS rats, and the levels of serum
sex hormones (LH and FSH), ovarian granulosa cells, and
secretory function of theca cells were improved [37,63].
This suggests that the improvement in ovarian function in
PCOS rats by electroacupuncture may be related to the
kisspeptin/kissIr system. Thus, acupuncture can promote
the secretion of kisspeptin in the hypothalamus, activate
the HPO axis, and stimulate the release of hormones such
as GnRH, LH, and FSH, thereby facilitating follicular de-
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velopment and ovulation, which plays a therapeutic role in
the treatment of ovarian diseases (Fig. | and Table 1, Ref.
[20,64-81])).

Neuropeptide Y (NPY), which is widely distributed
in the central nervous (e.g., hypothalamus and amygdala)
and peripheral nervous systems, is closely associated with
metabolic cues and fertility regulation [82] (Table 2, Ref.
[15,17,63,83—87]). During labor, NPY levels continuously
increase from birth until cervix dilatation occurs. Ad-
ditionally, a surge of immunoreactive NPY is released
from the portal vein into the pituitary portal circulation be-
fore puberty, followed by a surge of LH [88]. Notably,
acupuncture has been reported to exert multifaceted ther-
apeutic effects in ovarian disorders through NPY. Mech-
anistic studies demonstrate that EA significantly enhances
hypothalamic-ovarian axis function in PCOS rodent models
by downregulating hypothalamic NPY mRNA and NPY2
receptor expression. This, in turn, suppresses sympathetic
hyperactivity and reduces adipose tissue NPY overexpres-
sion, thereby ameliorating polycystic ovarian morphology
and endocrine dysregulation [83,84]. Moreover, molec-
ular profiling reveals that EA modulates prostaglandin
PGF2a/PGE2 ratio via NPY-COX-2 crosstalk, inhibiting
granulosa cell proliferation while promoting corpus lu-
teum regression [85]. Emerging clinical evidence indi-
cates acupuncture elevates follicular fluid NPY levels, po-
tentially regulating local steroidogenic microenvironments
[89]. These findings suggest that acupuncture may serve as
a multi-pronged regulatory strategy for PCOS and ovarian
dysfunction through central neuromodulation, sympathetic
inhibition, and direct ovarian NPY network regulation.

The hypothalamus releases GnRH in a pulsatile man-
ner to act on the anterior pituitary, which constitutes the
final common pathway for the central regulation of fertility
[90] (Tables 1,2). Research has found that electroacupunc-
ture at the CV4 acupoint can promote the expression of
GnRH and Kiss] mRNA, and significantly increase serum
LH and E, levels. An increase in LH and FSH recruits and
stimulates the growth and maturation of follicles, whereas
insufficient levels of LH and FSH disrupt the growth of
dominant follicles, leading to the impaired development
of primordial follicles [17]. However, excessive expres-
sion can stimulate androgen synthesis in ovarian follicular
cells, causing hyperandrogenism, which leads to hirsutism,
acne, and alopecia in patients with PCOS. Acupuncture at
CV4 can reverse the serum levels of LH and FSH in pa-
tients with PCOS [91]. In an ovariectomized rat model,
electroacupuncture increased hypothalamic GnRH mRNA
expression and mRNA levels of pituitary GnRH receptor,
thereby correcting the dysfunction of the HPG axis [92]. In
addition, acupuncture CV4, Qihai (CV6), Zhongji (CV3),
bilateral Dahe (KI12), bilateral Shenshu (BL23), bilateral
Zusanli (ST36), bilateral Sanyinjiao (SP6) and bilateral
Taichong (LR3) in combination with GnRH analogue im-
proved clinical pregnancy rates and improves pregnancy
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Fig. 1. Acupuncture modulates ovarian neuroendocrine regulation through the HPO axis. Acupuncture modulates NK3 and Dynor-

phin receptors on kisspeptin/neurokinin B/dynorphin (KNDy) neurons in the hypothalamus, thereby regulating GnRH release and influ-

encing LH, FSH, progesterone (P4), and estradiol (E2) levels in the hypothalamic-pituitary-ovarian (HPO) axis. Figure created with

BioRender (https://www.biorender.com). 71, increase; |, decrease. Kiss/, kisspeptin 1; KissI R, kisspeptin 1 receptor; NKB, neurokinin

B; NK3R, neurokinin 3 receptor; DYN, Dynorphin; LH, luteinizing hormone; FSH, follicle-stimulating hormone; GnRH, gonadotropin-

releasing hormone; P4, progesterone.

outcomes in IVF-ET RIF patients [93]. Thus, acupuncture
at specific acupoints bidirectionally affects hypothalamic
GnRH release and hormone levels, resulting in effective
treatment of ovarian disorders and improved success rates
of assisted reproductive technologies.

Current research evidence demonstrates that (-
endorphin (8-EP), an endogenous opioid peptide, serves
as a crucial neuromodulator in the female gonadal axis
(Table 2). [B-EP has been identified in follicular fluid
from both normal and polycystic ovaries, with significantly
higher concentrations observed in follicular fluid compared
to plasma levels during ovulation in healthy females [15].
Given that acupuncture affects -endorphin production,
which may influence GnRH secretion, it can be hypothe-
sized that acupuncture may play a role in inducing ovula-
tion by influencing GnRH secretion through increased -

endorphin production [94]. Sabbieti et al. [95] revealed via
in vitro pituitary cell culture experiments in amphibians that
B-EP directly binds to pituitary receptors, stimulating LH
secretion. Complementary findings by Gregoraszczuk and
Stomczynska [96] demonstrated 3-EP’s direct ovarian ac-
tion in suppressing progesterone production. As a putative
inter-system messenger coordinating neural, endocrine, and
immune functions, 5-EP plays a pivotal role in maintaining
physiological homeostasis (Table 2).

3.2 Regulation of Neurotransmitters

Neurotransmitters such as norepinephrine (NE),
GABA, 5-HT, Glu, and dopamine may interfere with the
pulsatile secretion of GnRH, leading to dysregulation of
the HPO axis. A randomized controlled trial involving
patients with PCOS demonstrated that 16 weeks of EA
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Table 1. Effect of acupuncture and moxibustion on female reproductive hormones.

Acupuncture type  Animal type Acupoint Disease Target Alterations in signaling ~ Reference
EA Rat CV3, CV4 PCOS Ovary and serum  AMH| FSH?T E21 T [64]
EA Rat ST29, SP6 PCOS Serum FSHTLH| T| [65]
EA Rat ST29, SP6 PCOS Serum Pt [20]
EA Rat ST29, SP6 PCOS Serum T| FAI] LH| [66]
LH/FSH| AMH|
INHB| FINS| Eo1
FSH? SHBG?T
EA Rat ST29, SP6, LR3, PC6 PCOS Serum P1 Ep1 DHT] [67]
MA Rat CV4, RN3, CV6, SP6, PCOS Serum LH| AMH| FSH1 T} [68]
EX-CA1 Eot
EA Rat ST29, SP6 PCOS Serum T| LH| FSH? [69]
LH/FSH|
Mox Rat BL23, CV4,CV8 POI Serum E21 FSH| LH| AMH? [70]
EA Rat CV4, ST36, SP6 POF Serum E;1 E21 Es? TSHT T} [71]
DHEA| 17-OHP|
21D|
EA Rat CV4, EX-CA1, CV6 PCOS Serum FSH1 LH1 T1 Eo1 Pt [72]
Mox Rat CV4, RN12, BL23 DOR Serum Eo? AMH? FSH| LH| [73]
MA Rat Option 1: CV4, SP6, POF Serum E21 FSHT LH? [74]
CV3, ST29; Option 2:
GB20, DU16, BL10,
GB12; Option 3: CV4,
SP6, BL23, LR3, GV20;
Option 4: CV4, SP6
MA Rat CV4, SP6, ST36, BL20, POF Serum Eo1 FSH| LH| [75]
BL23, EX-CAl
EA Rat ST36, SP6, PC6 PCOS Serum E|T| P| LH| FSH| [76]
Mox Rat CV4, SP6 POF Serum FSH| LH| Eot [77]
Mox Rat ST36 10 months Serum FSH?T E2? [78]
EA Mice CV4, ST36, SP6 POF Serum Ei1 E21 Est [79]
EA Rat CV4, EX-CA1, SP6 Thin en- Uterus ER? PR? [79]
dometrium
EA Rat SP6, LR3, ST36 Controlled Uterus ER? PR? [80]
ovarian
hyperstimu-
lation
EA Mice CV4, SP6 SAMPS8 Serum E2>t GnRH| LH| [81]

FSH|

EA, electroacupuncture; MA, Manual-acupuncture; Mox, moxibustion; CV4, Guanyuan; SP6, Sanyinjiao; ST36, Zusanli; CV3, Zhongji;
ST29, Guilia; GB20, Fengchii; DU16, Fengfu; BL10, Tianzhu; GB12, Wangu; BL23, Shenshu; LR3, Taichong; GV20, Baihui; DU2, Yaoshu;
KI3, Taixi; EX-CAL1, Zigong; LI4, Hegu; LR3, Taichong; PC6, Neiguan; BL20, Pishu; ST25, Tianshu; ST29, Guilai; T, testosterone; FSH,
follicle-stimulating hormone; LH, luteinizing hormone; INS, insulin; AMH, anti-Miillerian hormone; INHB, inhibin B; DHT, dihydrotestos-

terone; FGLU, fasting blood glucose; FINS, fasting blood insulin; HOMA-IR, homeostasis model assessment-insulin resistance; E;, estrone;

Es, estriol; TSH, thyroid-stimulating hormone; T, testosterone; DHEA, dehydroepiandrosterone; 17-OHP, 17-hydroxyprogesterone; 21D,

21-deoxycortisol; SHBG, sex hormone-binding globulin; P, progesterone; FAI, free androgen index; PCOS, polycystic ovary syndrome; POI,

premature ovarian insufficiency; POF, premature ovarian failure; 1, increase; |, decrease.

significantly elevated serum NE levels while reducing
5-HT concentrations. Although GABA levels showed
a downward trend, no statistically significant intergroup
difference was observed [19]. Sequencing of the anterior
ventral periventricular nucleus (AVPV) of the hypothala-
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mus in early-reproductively senescent female rats showed
that EA significantly affected neuroactive ligand-receptor
interactions, glutamatergic, and ~-aminobutyric acid-
mediated synaptic functions. EA achieved this effect by
modulating 1255 differentially expressed genes in the
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Table 2. Summary of neuropeptide classification based acupuncture for ovarian diseases.

Acupuncture type  Animal type Acupoint Disease Target Alterations in signaling ~ Reference
EA Rat CVe6, SP6, ST36 PCOS Hypothalamus kisspeptin| GnRH | [86]

(ARC) and serum LH| E2?
EA Rat Cv4 PCOS Hypothalamus kisspeptin| GnRH | [17]

(ARC) and serum DYN| KissIt Art E1 1

KissIr] T| LH|

EA Rat SP6, ST36, CV6 PCOS Hypothalamus NPY| GnRH| [84]

(ARC) and serum
EA Rat The abdominal and PCOS Mesenteric adipose NPY| GnRH| NGF| [83]

hindlimb muscles, in tissue ADRB3|
somatic segments
corresponding to the
innervation of the
ovaries
EA Rat CV4, SP6 OHSS Ovary and serum PGE2| COX-2] [85]
PKA/CREB|
EA Rat CV4 PCOS Ovary and serum LH| T| kisspeptin| [63]
Ea?
EA Women — POF Ovary B-EPT [15]
EA Rat GB26 PCOS Hypothalamus and kisspeptin| LH| E2 | [87]
serum T|

CV6, Qihai; GB26, Daimai; ST36, Zusanli; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; DYN, Dynorphin;
Ar, androgen receptor; OVX, ovariectomized; SAMPS, senescence-accelerated mouse-prone 8; ADRB3, beta(3)-adrenergic receptor; NGF,

nerve growth factor; NPY, neuropeptide Y; OHSS, ovarian hyperstimulation syndrome; 1, increase; |, decrease.

AVPV that are associated with neurotransmitter trans-
porters and Kyoto Encyclopedia of Genes and Genomes
pathways. In particular, the mRNA expression of genes
closely related to LH peaks, such as Pgr, Adral and the
neurotransmitter transporters Slcl7a6, Sle32al, Gad?2 and
Kissl, were significantly altered after EA. Modulation
of these genes ultimately promoted the release of LH in
early-reproductively senescent female rats, effectively
ameliorating the disturbed state of their hormone lev-
els [97]. In addition, there is evidence that explains
the relationship between GnRH and neurotransmitters.
The cyclical fluctuations of inhibitory neurotransmitters
(dopamine, GABA, and (-endorphin (5-EP)) support
an interactive relationship between GnRH and neuro-
transmitters. For example, inhibitory neurotransmitters,
which suppress GnRH release, exhibit lower concen-
trations during proestrus and estrus when GnRH surges
occur but higher concentrations during metestrus and
diestrus as GnRH declines [25]. Conversely, excitatory
neurotransmitter Glu exhibits elevated concentrations
during proestrus/estrus coinciding with GnRH surges and
decreased concentrations during metestrus/diestrus [98].
Current research suggests that while human trials show
non-significant GABA variations, EA may indirectly reg-
ulate emotional states and HPO axis function through NE
upregulation and 5-HT downregulation. Animal studies
emphasize HPO axis suppression via central GABA and
dopamine elevation, whereas clinical observations asso-

ciate 5-HT reduction with mood modulation. Glu appears
to synergistically regulate the HPO axis by enhancing
GnRH pulsatility. Mechanistic interspecies variations
exist; animal models highlight inhibitory neurotransmit-
ter dominance, whereas human studies reflect dynamic
equilibrium within excitatory/inhibitory neurotransmitter
networks (Table 3, Ref. [19,99-101]).

4. Neuroendocrine Pathways in the
Regulation of Ovarian Function by
Acupuncture

One of the main mechanisms of acupuncture involves
stimulation of receptors at the acupuncture site, transmis-
sion of neural impulses through the corresponding affer-
ent nerves to the dorsal horn of the spinal cord, and then
to the hypothalamus, eventually influencing neurotransmit-
ter release and modulating the function of the HPO axis
[102]. Meanwhile, acupuncture activates the sympathetic
and vagal pathways, which is one of the mechanisms that
regulate the neuroendocrine system and maintains the bal-
ance of ovarian hormone levels [103]. We summarized the
schematic diagram of the complex pathway of action of
acupuncture stimulation from peripheral-central-ovarian as
shown in Fig. 2.

4.1 Local Mechanisms of Acupoint Efficacy

Acupuncture involves biomechanical interactions be-
tween the inserted needle and the multi-layered tissue mi-
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Table 3. Summary of neurotransmitter classification based acupuncture for ovarian diseases.

Acupuncture type Animal type Acupoint Disease Target Alterations in signaling Reference
EA Women CV3,CV6 Perimenopause Serum NE1 5-HT| GABA| [19]
EA Rat CV4, SP6 Reproductive aging Brain and serum LH? hormone [99]
receptor Pgrt
adrenoceptor Adralat
neurotransmitter
transporters Slc17a61
Slc32al? glutamate
decarboxy-
lase Gad21 KissI1
MA Rat CV4, SP6, EX-CA1 Menopausal Serum ACTH? 5-HT| NE| [100]
EA Rat CV4, CV3, SP6, ovX Serum GABA? 8-EP1 LH| E21 [101]
EX-CA1l

DA, Dopamine; 5-HT, 5-hydroxytryptamine; NE, Noradrenaline; 3-EP, 3-endorphin; OVX, ovariectomized; 1, increase; |, decrease.

ST29

CV4 o,
Gug o " EX-CA1

SP6

hlppoca pU

—— spinothalamic tract

PVN

. VMH

MPA D
@ & ArC

follicle

Fig. 2. Peripheral-central-target-organ afferent pathways in the regulation of ovary by acupuncture. The primary acupoints used

for treating female reproductive disorders are identified on the left. The peripheral-central neural conduction mechanisms involved

in acupuncture stimulation are illustrated on the right. Figure created with BioRender (https://www.biorender.com). SP, Substance

P; CGRP, calcitonin gene-related peptide; VR1, Vanilloid receptor subtype 1; DRG, dorsal root ganglion; CG, coeliac ganglia; PVN,

Paraventricular Hypothalamic Nucleus; VMH, Ventromedial Hypothalamic Nucleus; MPA, medial preoptic area; MPO, medial preoptic

nucleus; MPOL, medial preoptic nucleus, medial part; ARC, arcuate hypothalamic nucleus; SCH, suprachiasmatic nucleus.

croenvironment of acupoints, which includes skin, muscle,
and connective tissue. During needle manipulation, me-
chanical signals are generated through dynamic tissue re-
sponses such as collagen fiber deformation, elastic stretch-
ing of the fascial network, and interstitial fluid redistribu-
tion. This may be one of the mechanisms by which the
needling effect is produced. These responses may trigger
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distinct mechanical conduction pathways depending on the
needling technique (e.g., lifting-thrusting, twisting, or elec-
troacupuncture). This cause is one of the mechanisms by
which the effects of needling are produced. For example, a
study demonstrated that acupuncture at the CV4 acupoint
activates both myelinated a-fibers and unmyelinated C-
fibers, suggesting integrated signaling from mechanosen-
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sitive and nociceptive afferents [104]. Fascia’s intercon-
nected web-like structure further amplifies mechanical sig-
nal propagation beyond the immediate needling site, po-
tentially contributing to systemic effects. Acupuncture in
the regions innervated by the same somatic nerves as the
ovaries reduces sympathetic nervous system activity, lead-
ing to decreased secretion and release of ovarian andro-
gens [83]. Additionally, mast cells are thought to be the
key functional cells in the connective tissue of the acu-
points, and the local effects of acupuncture depend on mast
cell degranulation to release neuropeptides (such as SP,
calcitonin gene-related peptide (CGRP), and vanilloid re-
ceptor subtype 1 (VR1)) and neurotransmitters (histamine
(HA), acetylcholine (Ach), and 5-HT), which are widely
distributed in the peripheral sensory afferent nerves [105].
Immunohistochemical studies have shown the presence of
CGRP, SP, and VRI1 in the skin of the CV4 acupoint area
in mice, primarily in the epidermis, dermis, and subcuta-
neous tissue, and often clustered around blood vessels and
hair follicles. Following acupuncture, there is an increase
in the expression of CGRP, SP, and VRI-positive fibers
[106]. Furthermore, increased levels of SP have been ob-
served locally at acupoints commonly used to treat ovarian
diseases, such as SP6, CV6, and ST36 [107]. Neuropep-
tides released during mast cell degranulation may underlie
the initial mechanisms of acupuncture to ameliorate ovarian
diseases [108].

4.2 Specificity of Acupuncture Segments in the Spinal Cord

The spinal cord plays a pivotal role in transmitting
sensory information during acupuncture, acting as a ‘hub’
that links the peripheral and central nervous systems [109].
Studies indicate that the spinal nerve segments related to
the reproductive system are primarily located in the T10-
L2 and L6-S2 regions [110-112]. After injecting PRV into
the ovary, PRV expression was detected in the dorsal root
ganglia of the T12-L2 spinal segments [113]. In an experi-
mental study using Evans blue dye to detect plasma extrava-
sation points in the skin of rats with ovarian inflammation,
researchers found that ovarian inflammation can lead to the
appearance of plasma extravasation points in specific areas
of the body surface. These areas not only correspond to
the spinal ganglion segments that innervate the ovaries but
also are concentrated in acupoint regions such as CV4-EX-
CA1 and BL23-GV4, which are known to be used for treat-
ing ovarian diseases [102]. These findings suggest that the
therapeutic effects of acupoints on ovarian dysfunction may
arise from neuroanatomical convergence, where disease-
sensitive acupoints share spinal segmental innervation with
ovarian regulatory pathways.

Acupoint specificity implies that different spinal
nerve segments are associated with different acupoints and
thereby potential therapeutic applications in various types
of disorders. Clinically, acupoints commonly used to treat
ovarian disorders are predominantly located in the lumbar-

abdominal region and lower limbs, including CV4, SP6,
ST36, and EX-CAL1 [114]. For instance, studies investigat-
ing the nerve segment distribution of the CV4 point in rats
found that an injection of cholera toxin B subunit-coupled
horseradish peroxidase (HRP) into the CV4 point and sub-
sequent acupuncture led to labeled cells in bilateral T11—
L3 dorsal root ganglia, with the highest number of labeled
cells observed in the L2 segment, suggesting that L2 is the
primary pathway for signal transmission from the CV4 acu-
point to the spinal cord [115]. Studies have also indicated
that the nerve segments for SP6 are between L2 and S3 and
those for ST36 are between L4 and S3, which are proxi-
mal to the nerve segments governing reproductive organs,
and exert comprehensive regulatory effects on the neuroen-
docrine network [23]. The nerve segments for EX-CA1 are
between T12 and L1, and can effectively modulate the HPO
axis in endocrine disorders [23,116].

Furthermore, electroacupuncture at different points
can target different aspects of the same disease, for instance,
electroacupuncture at ST36 exhibits advantages in improv-
ing hormone levels and synthesis of sex hormone-binding
globulin, whereas that at SP6 shows relatively pronounced
improvements in ovarian tissue morphology and androgen
receptor expression. Electroacupuncture at CV4 demon-
strated significant benefits in both areas, and has consider-
able therapeutic advantages [117]. In conclusion, the neu-
roanatomical precision of acupuncture manifests through its
segment-specific regulation of ovarian steroidogenesis. Se-
lective acupoint stimulation achieves segmental neuromod-
ulation within thoracolumbar spinal circuits, establishing an
evidence-based approach for optimizing ovarian hormonal
homeostasis.

4.3 Central Brain Region Responses

The neural activity in brain regions is closely associ-
ated with reproductive hormone levels. EA precisely reg-
ulates neuroendocrine signaling of the HPO axis and can
treat ovarian lesions. The pathogenesis of primary dysmen-
orrhea, premenstrual syndrome (PMS), and premature ovar-
ian insufficiency (POI) is associated with abnormalities in
the central brain arca where EA regulates the HPO axis.
Using resting-state functional magnetic resonance imag-
ing to observe brain changes in patients with diminished
ovarian reserve (DOR), the study found increased Ampli-
tude of low-frequency fluctuations (ALFF) values in the left
inferior temporal gyrus (ITG) and middle temporal gyrus
(MTG) in DOR patients, along with decreased ALFF val-
ues in the bilateral superior frontal gyrus (SFG), middle
frontal gyrus (MFQG), and left inferior frontal gyrus (IFG)
compared to healthy controls. Acupuncture treatment in-
creased ALFF values in the left SFG, MFG, and supplemen-
tary motor area (SMA), and enhanced functional connectiv-
ity between the left SFG and the bilateral calcarine sulcus
and lingual gyrus [118]. In patients with PMS, a decrease
in functional connectivity density was noted in the dorsolat-
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eral prefrontal cortex and anterior part of the inferior frontal
gyrus, with increased connectivity in the medial prefrontal
cortex. Furthermore, connectivity between the prefrontal
cortex and thalamus was reduced, indicating impaired co-
operation between the right ventricle and right prefrontal
cortex, which may affect HPO function [119]. Differences
in functional connectivity between the hypothalamus and
whole brain areas in patients with premature ovarian insuf-
ficiency and healthy volunteers, and increased connectivity
between the right ventricle and left anterior frontal gyrus,
right anterior frontal gyrus, and left insula after acupunc-
ture treatment in patients with premature ovarian insuffi-
ciency were observed [120]. Thus, acupuncture can mod-
ulate the strength of the functional connectivity in the hy-
pothalamus and/or whole brain regions to improve repro-
ductive endocrine function.

Animal experiments have provided a more detailed
description of the brain regions involved in acupuncture
modulation of the HPO axis. Two weeks after ovariec-
tomy, the distribution of Fos protein-labeled neurons was
observed in brain regions, including the medial preoptic
nucleus (MPN), lateral preoptic nucleus, and suprachias-
matic nucleus. Electrical acupuncture at CV4 resulted in
abundant specific Fos-labeled cells in the lateral preop-
tic nucleus, paraventricular nucleus (PAV [ventral part]),
and suprachiasmatic nucleus, especially in the arcuate nu-
cleus (ARC), PAV, and MPN, with no labeling observed
in the MPN [121]. Furthermore, acupuncture at Danzhong
(CV17), Zhongwan (RN12), and CV4 stimulated the neu-
rons associated with unknown sexual arousal in the me-
dial preoptic area, ARC, and ventral part, with the highest
stimulation observed in the medial preoptic area, followed
by the arcuate and paraventricular nuclei [23]. Studies on
HRP virus tracing and GnRH immunohistochemistry indi-
cate substantial overlap between HRP-traced neurons as-
sociated with sexual arousal stimulation and sites express-
ing positive GnRH immunoreactivity [115]. These findings
highlight that the hypothalamus is the pivotal brain region
in the acupuncture treatment of ovarian disease, with po-
tential central targets in the amygdala and hippocampal re-
gions. Acupuncture can restore the HPO axis function by
modulating cooperative interactions between the hypotha-
lamus and multiple brain regions.

4.4 Acupuncture Regulation of the HPO Axis via
Autonomic Nervous Pathways

Acupuncture treatment of ovarian disorders involves
complex neuroendocrine interactions. Acupuncture can in-
fluence the autonomic nervous system (ANS) and subse-
quently regulate the HPO axis by stimulating specific acu-
points [122]. The sympathetic nerve fibers of the ovaries
primarily originate from the celiac ganglion. A portion of
these fibers projects to the ovarian blood vessels through
the ovarian plexus, while another portion passes through the
ovarian nerve (SON) to innervate the ovarian follicles [95].
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Acupuncture can modulate ovarian blood flow by stim-
ulating ovarian sympathetic nerve reflexes, and ongoing
acupuncture treatment positively affects hyperandrogene-
mia, menstrual cycles, and ovulation rates in women with
PCOS [123]. Studies have shown that electroacupuncture
increases ovarian blood flow and mean arterial pressure.
After severing the ovarian sympathetic nerves, the ovarian
blood flow response and mean arterial pressure are signif-
icantly decreased, indicating that the electroacupuncture-
induced increase in ovarian blood flow was mediated by a
reflex through the ovarian sympathetic nerves [124]. Addi-
tionally, SON removal reduces serum E, and progesterone
levels, and the number of developing follicles. When uni-
lateral SON denervation is performed, the number of folli-
cles decreases in the denervated ovary, whereas compen-
satory follicle numbers increase in the innervated ovary
[20].

In addition to sympathetic innervation via the SON
and ovarian plexus, the ovary receives parasympathetic in-
nervation through the vagus nerve [125]. Research has
shown that electroacupuncture modulates the vagus nerve
to stimulate a7nAChR on macrophages, thereby inhibiting
intracellular inflammatory pathways such as nuclear factor
kappa-light-chain-enhancer of activated B cells, improv-
ing the inflammatory state in patients with PCOS [126].
Furthermore, transcutaneous auricular vagus nerve stim-
ulation regulates the HPO axis through the auricular va-
gus nerve-nucleus of the solitary tract-hypothalamus cir-
cuit or by modulating ovarian blood flow and Eo secretion
through the auricular vagus nerve-nucleus of the solitary
tract-central nuclei-ovarian vagus nerve pathway, thus im-
proving insulin resistance in PCOS. However, further an-
imal experiments are required to confirm these findings.
In summary, by modulating the autonomic nervous sys-
tem, particularly the activity of the sympathetic and vagus
nerves, acupuncture can improve ovarian function by re-
ducing inflammation, enhancing blood flow, and regulat-
ing the immune system. These findings support the role
of the spinal ganglion-ovarian pathway of sympathetic and
parasympathetic innervation in acupuncture treatment of
ovarian disorders.

5. Conclusion

This review is the first to summarize the mechanism
underlying the therapeutic effects of acupuncture in ovarian
disease from the perspective of neuroendocrine and neural
pathways. Acupuncture modulates GnRH pulses, thereby
balancing GnRH and its downstream hormones (LH, FSH,
and E5). It regulates the release of hypothalamic neuropep-
tides and neurotransmitters, thus modulating hormone lev-
els in the HPO axis and maintaining reproductive homeosta-
sis. Furthermore, acupuncture involves two main neural
pathways. The first one is the somatosensory nerve path-
way, where signals travel from acupoints to the dorsal root
ganglia and spinal cord and then to the central structures
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(such as the preoptic area, ARC, and paraventricular hy-
pothalamic nucleus (PVN)) before acting on the ovaries.
The other pathway involves the autonomic nervous system,
including the sympathetic and vagal nerves, which improve
blood flow to the ovaries, inflammation, and hormone lev-
els, thus regulating HPO axis function. These mechanisms
suggest promising therapeutic targets for acupuncture in the
treatment of ovarian diseases.

This study acknowledges several limitations: (1)
Mechanistic research dimensionality constraints: while
existing studies have confirmed acupuncture’s multi-
pathway regulation of the HPO axis through neuropep-
tides (Kisspeptin and NPY), neurotransmitters (GABA and
5-HT), and the autonomic nervous system, the molec-
ular mechanisms and specific regulatory networks re-
main to be systematically elucidated. It is recom-
mended to integrate cutting-edge methodologies—such
as neurotropic viral tracing (e.g., transsynaptic pseudora-
bies virus), TESOS-based three-dimensional ultrastructural
imaging, and whole-brain functional connectivity mapping
(fcMRI)—to systematically delineate the precise structural
and functional networks bridging acupoints, central neu-
ral circuits, and ovarian physiology. (2) Deficient cross-
system synergy mechanisms: current investigations on neu-
roendocrine regulatory mechanisms in ovarian disorders,
particularly interaction patterns under distinct pathological
conditions, are predominantly hormone-centric. It is imper-
ative to leverage convergent methodologies, such as organ-
on-a-chip-based neuron-ovary co-cultures and CRISPR-
based screening in conditional knockout models, to decode
the multidimensional crosstalk between neuroendocrine
circuits and immune effectors mediating acupuncture-
driven amelioration of ovarian pathologies. (3) Insufficient
experimental standardization: current animal studies inves-
tigating acupuncture for ovarian dysfunction exhibit signif-
icant methodological heterogeneity, such as diverse POI
modeling approaches (e.g., cyclophosphamide, cisplatin,
busulfan) with inconsistent dosage regimens and treatment
durations, coupled with the prevalent use of fixed acupoint
combinations and suboptimal stimulation parameters in
acupuncture interventions. To address these limitations, we
recommend establishing pathology-specific standardized
modeling guidelines (e.g., POI vs. PCOS) and implement-
ing integrated evaluation frameworks incorporating multi-
omics biomarkers (anti-Miillerian hormone (AMH), ovar-
ian transcriptomic profiles) and functional imaging modal-
ities such as ultrasound-based dynamic follicular monitor-
ing. By implementing these comprehensive strategies, we
will be able to systematically and multidimensionally ana-
lyze the regulatory mechanism of acupuncture on ovarian
diseases.
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