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1. Introduction

Premature ovarian failure (POF), also known as 
premature ovarian insufficiency (POI), is a multifactorial 
and heterogeneous disease. It is characterized by 
amenorrhea, infertility, lower estrogen levels, and 
elevated gonadotropin levels in women as a result of 
ovarian failure before the age of 40. These conditions 
significantly impair female reproductive function and 
quality of life (1,2). Clinical diagnostic criteria are 
amenorrhea (lasting ≥ 4 months), reduced estradiol 
(E2) levels, abnormally high follicle-stimulating 
hormone (FSH) levels (more than 4 weeks between 
consecutive tests, FSH > 40 IU/L), and a significant 
reduction in fertility (3,4). Worldwide, the rate of 

POF is between 0.9% and 1.2% (5). Only 5–10% of 
these women can conceive naturally and give birth 
(6). The causes of POF are complex, and the exact 
mechanisms are unclear. The generally accepted causes 
currently include genetic factors, autoimmune factors, 
medical factors such as surgery, radiotherapy, and 
chemotherapy, and environmental factors (7,8). As the 
pace of life has accelerated, psychological pressure 
on women has increased, and many adverse factors 
such as tumor radiotherapy have increased over the 
past few years, the incidence of POF has increased 
yearly and it tends to affect younger women (9). POF 
not only affects a woman's fertility but can also lead to 
osteoporosis, cardiovascular disease, and other long-
term complications (10), seriously affecting the patient's 
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SUMMARY: Premature ovarian failure (POF), also referred to as premature ovarian insufficiency (POI), is a 
multifactorial reproductive endocrine disorder characterized by amenorrhea, infertility, hypoestrogenism, and 
elevated gonadotropin levels before the age of 40. Emerging evidence links its pathogenesis to oxidative stress and 
dysregulation of the autophagy–apoptosis balance in ovarian cells. Excessive accumulation of reactive oxygen species 
(ROS) impairs mitochondrial function in oocytes, while aberrant autophagy and granulosa cell apoptosis accelerate the 
depletion of primordial follicles. The AMP-activated protein kinase/mammalian target of rapamycin (AMPK/mTOR) 
pathway serves as a critical nexus between energy metabolism, oxidative stress, and cell survival. Traditional Chinese 
medicine (TCM), with its multi-component and multi-target characteristics, has demonstrated unique advantages in 
modulating the AMPK/mTOR pathway to restore ovarian function. This review synthesizes recent findings on single 
herbs, classical formulas, and non-pharmacological therapies (acupuncture and moxibustion). Mechanistic studies 
have revealed that these interventions can activate AMPK, inhibit mTOR overactivation, enhance Nrf2-mediated 
antioxidant defenses, reduce ROS production, and rebalance autophagy and apoptosis via pathways such as PI3K/Akt 
and SIRT1/p53. By aligning stage-specific regulation of AMPK/mTOR signaling with the TCM principle of syndrome 
differentiation, this integrative approach provides theoretical guidance for precise, personalized treatment to optimize 
multi-target strategies for POF management.
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quality of life. Currently, hormone replacement therapy 
(HRT) is the main treatment for POF in clinical practice 
(11). Still, there are problems of unsatisfactory efficacy, 
many limitations in the form of contraindications, and an 
increased risk of other gynecological diseases with long-
term use (12,13). Therefore, the pathogenesis of POF 
needs to be investigated and new therapeutic strategies 
need to be developed. Stem cells have self-repairing 
and regenerative capabilities, can stimulate follicles and 
increase hormone levels, and are effective in treating 
infertility and ovarian failure (14,15). In a study, Fu 
et al. found that adipose-derived stem cells promoted 
the repair of chemotherapy-induced POF by inhibiting 
granulosa cell apoptosis and aging (16). Nevertheless, the 
clinical use of stem cells still faces significant challenges, 
including high culturing costs, a limited supply, and 
immune rejection and ethical concerns in patients (1).
	 In recent years, the role of oxidative stress and 
dysregulation of cellular autophagy and apoptosis in the 
pathogenesis of POF has been increasingly emphasized 
with more in-depth molecular and cellular biology 
studies. Under physiological conditions, the generation 
and scavenging of reactive oxygen species (ROS) is 
dynamically balanced in the ovaries, and ROS act as 
signaling molecules to drive cellular regulatory pathways 
(17,18). However, stimulation by various internal and 
external factors leads to oxidative stress, which damages 
oocytes and granulosa cells and accelerates follicular 
atresia. Dysregulation of autophagy, an important cellular 
protective mechanism, can affect follicle development 
and survival. Apoptosis is the major form of follicular 
atresia. Excessive apoptosis leads to premature loss 
of primordial follicles, resulting in ovarian failure. 
Abnormal apoptosis and autophagy of granulosa cells 
are considered to be the key pathological mechanisms of 
POF (19).
	 Traditional Chinese medicine (TCM) has long been 
used in China for the treatment of a wide variety of 
illnesses (20). In TCM, there is no clear and systematic 
discussion of POF, but from the point of view of its 
disease characteristics, it is similar to the ancient 
description of a "pre-menstrual closure" and "premature 
menstrual cessation" type of disease, so it can be 
categorized as "amenorrhea," "infertility," or the like (21). 
Due to its multi-component and multi-target properties, 
TCM has shown unique advantages in improving ovarian 
function (22). Studies have shown that the effectiveness 
of TCM combined with HRT in the treatment of POF 
is more effective than HRT alone (23). Research has 
found that Chinese herbs can improve ovarian function 
by modulating the AMP-activated protein kinase/
mammalian target of rapamycin (AMPK/mTOR) 
signaling pathway, reducing oxidative stress damage and 
restoring the balance between autophagy and apoptosis. 
AMPK, a key regulator of cellular energy metabolism, 
can be activated by a variety of stress conditions and 
then promote cellular autophagy by inhibiting mTOR 

signaling. This pathway plays an important role in 
linking oxidative stress to cellular autophagy and 
apoptosis (8).
	 In this study, we summarized the mechanisms of 
oxidative stress and cellular autophagy and apoptosis 
in POF and explored the therapeutic strategies based on 
the AMPK/mTOR pathway to provide new ideas for the 
clinical treatment of POF in TCM.

2. Oxidative stress and POF

Oxidative stress, characterized by excessive production 
of ROS or impaired antioxidant regulation, occurs 
in biological systems under normal and pathological 
conditions (24). ROS are the general term for oxygen 
derivatives with high oxidative capacities, including 
superoxide anion, hydrogen peroxide, and hydroxyl 
radicals (25). ROS accumulation promotes the generation 
of advanced oxidation protein products (AOPPs), 
which are key biomarkers indicative of oxidative 
stress. Abnormally elevated ROS attack biological 
macromolecules and organelles, resulting in oxidative 
damage to DNA, proteins, and lipids. Oxidative stress 
has a chronic impact on many diseases, such as diabetes, 
cardiovascular disease, and polycystic ovary syndrome 
(26,27). The mechanisms by which oxidative stress 
impairs ovarian function are complex and diverse. 
Excessive ROS attack oocytes and granulosa cells, 
leading to granulosa cell damage (28), weakening of 
nutritional support for oocytes from granulosa cells, 
and accelerated follicular atresia (29). In addition, 
oxidative stress inhibits steroid hormone synthases (e.g., 
CYP19A1, which is responsible for estrogen synthesis), 
leading to reduced estrogen levels (30). Moreover, ROS 
promote the release of inflammatory factors (TNF-α, 
IL-6, etc.) (31), leading to deterioration of the ovarian 
microenvironment, exacerbation of ovarian fibrosis, 
and reduction of the available follicular reserve, as 
shown in Figure 1. Oxidative stress activates a variety 
of signaling pathways, such as the NF-κB and MAPK 
pathways, and promotes the release of inflammatory 
factors that exacerbate the deterioration of the ovarian 
microenvironment. This ultimately leads to a decline in 
ovarian function (32-34).
	 A variety of factors can induce oxidative stress 
in the ovaries. Environmental factors such as the 
plasticizer diisononyl phthalate can induce oxidative 
stress in ovarian granulosa cells, which in turn triggers 
autophagy and apoptosis. Bisphenol A (BPA) is a 
widespread endocrine-disrupting chemical with 
estrogen-like effects that has been found to promote 
autophagy in ovarian granulosa cells by inducing the 
AMPK/mTOR/ULK1 signaling pathway (35). Medical 
factors, such as metabolites of the chemotherapy drug 
cyclophosphamide, can induce the production of large 
amounts of ROS in the ovaries, leading to a dramatic 
reduction in follicular reserve (36,37). In addition, the 
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combat POF by reducing oxidative stress.

3. Cellular autophagy-apoptosis and POF

Cellular autophagy and apoptosis are two important 
cellular processes that regulate ovarian function, and their 
balance is essential for maintaining normal follicular 
development and ovarian reserve (19,44). Autophagy is a 
complex process involving the degradation of abnormal 
proteins and organelles by autophagosomes (45). It 
maintains metabolism and homeostasis by selectively 
and non-selectively sequestering macromolecules and 
organelles, recognizing autophagy-selective substrates 
through specific receptors (46). Not only does autophagy 
play a key role in normal cellular metabolism, but it is 
also closely related to the onset and progression of many 
diseases (47). In the ovaries, autophagy is involved in the 
regulation of several physiological processes, including 
follicular development, atresia, and luteal degeneration, 
where it acts as a balance to maintain cellular 
homeostasis (48). Studies have shown that abnormal 
levels of autophagy are closely associated with the 
development of POF, and its specific role is as a "double-
edged sword." Basic levels of autophagy can help 
remove damaged mitochondria and proteins and maintain 
granulocyte activity, but over-activated autophagy can 
lead to programmed cell death. Apoptosis, the main form 
of programmed cell death, is closely associated with POI 
and is thought to be the primary mechanism of cell death 
in oocytes lost during maturation from primordial follicle 
to antral follicle or secondary to chemotherapy (49). 
Normally, apoptosis is involved in regulating follicular 
atresia and maintaining the homeostasis of the primordial 
follicle pool. However, excessive activation of apoptosis 

antioxidant capacity of the ovaries naturally declines 
with age, which is one of the major causes of ovarian 
hypoplasia in older women (38).
	 TCM may improve POF by scavenging ROS 
or by enhancing the antioxidant defense system. A 
number of active ingredients in TCM and Chinese 
herbal compounds have been shown to have significant 
antioxidant effects. For example, Angelica sinensis 
polysaccharide (AP) is the main chemical component 
of Angelica sinensis, with a content of up to 15%. 
AP tonifies the blood, regulates immunity, combats 
viruses, and is antioxidative. Li et al. found that (39) AP 
significantly increased the ovarian index, increased the 
activity of superoxide dismutase (SOD), and decreased 
the activity of malondialdehyde (MDA), thus inhibiting 
the level of oxidative stress in immune POF mice. It also 
reduced the levels of IL-1β and IL-6 and suppressed 
the level of inflammation. The Astragal polysaccharide 
in Astragalus can upregulate the expression of SOD, 
thereby scavenging ROS and slowing the development 
of POF. Lyceum barbarum polysaccharide (LBP) can 
inhibit the production of MDA and protect mitochondrial 
function (40). Salidroside can increase the proliferation 
of the granulosa-like tumor cell line (KGN) induced by 
dihydrotestosterone (DHT), activate the phosphorylation 
of AMPK, induce the translocation of nuclear factor E2 
(Nrf2)-related factors, and target antioxidant proteins to 
inhibit oxidative stress damage (41). Danggui Shaoyao 
San can inhibit oxidative stress and reduce apoptosis by 
regulating the SIRT1/p53 signaling pathway, thereby 
protecting against cyclophosphamide-induced POF (42), 
and Zishen Tongmai Decoction inhibits granulosa cell 
apoptosis through the PI3K/Akt/mTOR pathway (43). 
These studies provide a scientific basis for TCM to 

Figure 1. Signaling pathways involved in the pathogenesis of premature ovarian failure.
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is an important feature of POF and can lead to premature 
depletion of the primordial follicle pool (50,51).
	 There is a complex relationship between autophagy 
and apoptosis. During mild stress, autophagy is 
activated as a protective mechanism to promote cell 
survival. However, when an injury is severe, autophagy 
can switch to a pro-death mechanism that acts in 
concert with apoptosis. This transition is regulated by 
multiple signaling pathways, as shown in Figure 1. 
Under nutrient-rich conditions, the mechanistic target 
of rapamycin complex 1 (mTORC1) pathway, which 
is activated by rapamycin, inhibits the Unc-51-like 
autophagy-activating kinase 1 (ULK1) complex. When 
nutrient levels are low, AMP-activated protein kinase 
(AMPK) becomes activated, which leads to the inhibition 
of mTORC1 and the subsequent activation of the 
ULK1 complex (52,53). Under endoplasmic reticulum 
stress, JNK activation phosphorylates Bcl-2, causing 
the release of Beclin-1. Further disruption of Bcl-2/
Beclin-1 interaction is caused by JNK-phosphorylated 
BIM, resulting in the activation of the PI3K complex, 
consisting of VPS34 and Beclin-1, by ULK1 (54). This 
generates PI3P and initiates autophagic nucleation (55). 
Dysregulation of the autophagy-apoptosis balance is a 
key component in the pathogenesis of POF. Studies have 
shown that the autophagy-related proteins LC3-II and 
Beclin-1 are abnormally expressed in the ovarian tissue 
of POF patients, along with increased activity of the 
apoptosis marker caspase-3 (42,56). This dysregulation 
of autophagic apoptosis accelerates the depletion of the 
follicle pool.
	 Experimental studies have confirmed that a variety 
of herbal components and compounds can regulate 
the autophagy/apoptosis balance through different 
pathways. Baicalein inhibits excessive apoptosis through 
the PI3K/Akt pathway; curcumin can simultaneously 
activate protective autophagy through the AMPK/mTOR 
pathway while inhibiting apoptosis-associated protein 
expression (57). Resveratrol-βcd was able to restore the 
proportion and function of macrophages in the ovarian 
environment, delay cell autophagy and apoptosis, inhibit 
the progression of POF, and maintain normal ovarian 
function (58). Bushen Ningxin Soup can significantly 
reverse the VCD-induced reduction of primary follicles 
in ovarian tissue, increase FSH and luteinizing hormone 
(LH) concentrations, decrease serum E2 and anti-
Mullerian hormone (AMH) concentrations, decrease 
oocyte number and oocyte mitochondrial dysfunction, 
and alleviate POF (59). These findings provide a cell 
biological basis for TCM intervention in POF.

4. Therapeutic strategies based on the AMPK/mTOR 
pathway in TCM

Adenosine monophosphate-activated protein kinase 
(AMPK) is a highly conserved serine/threonine 
kinase consisting of the catalytic subunit α (α1/α2), 

the regulatory subunit β (β1/β2) and γ (γ1/γ2/γ3) (8). 
AMPK acts as an intracellular energy receptor present 
in all eukaryotic cells and maintains cellular energy 
homeostasis mainly by regulating metabolic and immune 
functions. When intracellular energy levels decrease, 
AMPK is activated, which in turn inhibits energy-
consuming anabolic processes (e.g., mTOR-dependent 
anabolic pathways) and activates energy-producing 
catabolic processes (e.g., autophagy) (60).
	 Mammalian target of rapamycin (mTOR) is an 
evolutionarily conserved serine/threonine kinase 
belonging to the phosphatidylinositol kinase-associated 
kinase (PIK) family and is a key regulator of cellular 
growth and metabolism that functions primarily by 
binding to cofactors to form two complexes, mTORC1 
and mTORC2 (61,62). mTORC1 has been widely 
studied; it is sensitive to rapamycin and is mainly 
involved in ribosome and protein synthesis (63), cell 
autophagy (64), and lipid and glucose metabolism. The 
activity of mTORC1 is regulated by a variety of factors, 
including the availability of nutrients, growth factors, and 
energy status. When nutrients are sufficient, mTORC1 
is activated to promote cell growth and anabolism, 
whereas when energy is insufficient, mTORC1 activity 
is inhibited and the cell enters a catabolic state. There 
are currently limited studies on mTORC2 in regard to 
cytoskeletal regulation, cell migration, and apoptosis.
	 Studies have shown that AMPK and mTORC1 
are both key regulators of autophagy in response to 
various stressful conditions (8). mTORC1 activity is 
inhibited by AMPK through phosphorylation of tuberous 
sclerosis complex 2 (TSC2) (8,65), which inhibits 
cell growth and anabolism and promotes autophagy. 
Conversely, mTORC1 can inhibit the activity of AMPK 
by phosphorylating the α-subunit of AMPK, thereby 
maintaining the anabolic state of cells. This reciprocal 
regulatory mechanism allows cells to flexibly adjust their 
metabolic activity according to energy and nutrient status 
to maintain cellular homeostasis.

4.1. The AMPK/mTOR pathway and oxidative stress

The AMPK/mTOR signaling pathway is an important 
bridge between cellular energy metabolism and oxidative 
stress. As a cellular energy receptor, AMPK is activated 
during oxidative stress and mitigates oxidative damage 
through multiple pathways. On the one hand, AMPK 
can directly phosphorylate and activate the antioxidant 
transcription factor Nrf2 to promote the expression of 
antioxidant enzymes such as HO-1 (Heme Oxygenase-1) 
and NQO1 (NAD(P)H Quinone Dehydrogenase 1) (66). 
On the other hand, AMPK can reduce the source of ROS 
production by inhibiting mTOR, as overactivation of 
mTOR increases mitochondrial electron transport chain 
activity and ROS generation (67).
	 Research has found that in animals with POF, reduced 
AMPK activity associated with mTOR overactivation 
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led to increased oxidative damage in ovarian tissue. The 
use of AMPK agonists such as AICAR can significantly 
improve this situation. TCM renal tonics such as Icariin 
have been shown to enhance ovarian antioxidant capacity 
through activation of the AMPK/Nrf2 pathway (68).
	 Notably, activation of AMPK has dose- and time-
dependent effects. Moderate activation of AMPK 
enhances cellular antioxidant defenses, but excessive or 
prolonged activation can lead to energy depletion (69). 
This explains why certain TCMs have antioxidative 
effects at low doses, while high doses may have the 
opposite effect. Therefore, the concept of 'balancing yin 
and yang' emphasized in the treatment of POF by TCM 
is highly compatible with the bidirectional regulation of 
the AMPK/mTOR pathway.

4.2. The AMPK/mTOR pathway and cellular autophagy-
apoptosis

The AMPK/mTOR pathway is a central signaling 
pathway that regulates autophagy in cells, with AMPK 
initiating autophagosome formation by directly 
phosphorylating ULK1 (70) and simultaneously 
deregulating autophagy by inhibiting mTOR. Under 
conditions of energy stress, this regulation ensures 
that cells are able to maintain survival by recycling 
damaged components through autophagy. In apoptosis, 
AMPK reduces the expression of pro-apoptotic proteins 
by inhibiting mTOR while activating anti-apoptotic 
pathways such as CREB (71).
	 In POF, dysregulation of the AMPK/mTOR 
pathway leads to an imbalance between autophagy and 
apoptosis. Ovarian tissue showed blocked autophagic 
flux and excessive activation of apoptosis. TCMs 
such as Zuo Gui Wan can dual-regulate autophagy 
and apoptosis through the mTOR pathway: promoting 
protective autophagy to remove damaged mitochondria 

and inhibiting the caspase cascade reaction to reduce 
cell death (72). Tanghinin IIA, in contrast, restored 
autophagic flux and attenuated granulocyte apoptosis in 
an AMPK-dependent manner (73).
	 Of particular interest are possible differences in the 
regulatory role of the AMPK/mTOR pathway in different 
follicle types. Moderate autophagy in primordial follicles 
is important for maintaining dormancy, whereas growing 
follicles require more energetic support. The holistic 
regulatory features of TCM may be better suited to 
this complex situation, e.g., kidney-tonifying drugs 
may regulate AMPK activity globally, while blood-
activating drugs may be more targeted to the local 
microenvironment of specific follicle groups.

4.3. AMPK/mTOR pathway-based TCM for treatment of 
POF

Based on the multi-target regulatory properties of the 
AMPK/mTOR pathway, TCM has demonstrated unique 
therapeutic advantages in the treatment of POF. Its 
mechanism of action may regulate the AMPK/mTOR 
pathway through multiple links and pathways (Figure 2).
	 Kidney-tonifying herbs such as Radix rehumanize, 
Ginsenoside Rg1, Corni Fructus (74), and Epimedium 
glycoside are rich in polysaccharides and flavonoids, 
which can activate AMPK to boost antioxidant defenses. 
Experiments have shown that polysaccharides from 
Radix rehumanize can dose-dependently increase 
p-AMPK expression and improve ovarian reserve. Blood-
activating drugs such as Salvia miltiorrhiza, Rhizome 
Ligusticum Chuanxiong, and Saffron contain phenolic 
acid components that inhibit mTOR overactivation and 
regulate autophagic flux. Liver-sparing drugs such as 
Chaihu and Xiangfu may indirectly affect AMPK activity 
by improving ovarian microcirculation.
	 In terms of compound studies, Yougui Pills may 

Figure 2. Schematic diagram of traditional Chinese medicine based on the AMPK/mTOR signaling pathway for the treatment of 
premature ovarian failure.
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protect cyclophosphamide-injured ovaries by promoting 
autophagy and inhibiting apoptosis via the AMPK/
mTOR pathway. The two immortal gums, turtle and 
deer, displayed the ability to regulate the AMPK/Nrf2/
HO-1 pathway and reduce oxidative stress injury. These 
combinations reflect the 'multi-component, multi-target' 
nature of TCM, which is better suited to regulating 
complex network pathways such as AMPK/mTOR.
	 In addition, TCM can also treat POF through 
acupuncture and moxibustion (20). Acupuncture 
and moxibustion treatment for POF is based on the 
principle of "tonifying the kidney and filling the essence, 
regulating Chong Ren," and the main acupoints such as 
Guan Yuan, the Uterus, and Sanyinjiao, with evidence-
based acupuncture points that are used to regulate the 
function of the hypothalamus-pituitary-ovary axis 
(HPOA) through acupoint stimulation, while directly 
affecting the local microenvironment of the ovaries. 
Acupuncture stimulation activates the phosphorylation 
of the AMPKα subunit, promotes the expression of 
Nrf2-mediated antioxidant enzymes (e.g., SOD, CAT), 
and reduces the level of MDA in ovarian tissue. At the 
same time, it promotes autophagosome formation and 
scavenges protein aggregates that have accumulated due 
to oxidative damage by inhibiting mTORC1 signaling 
and upregulating Beclin-1 and LC3-II protein expression. 
Randomized controlled clinical trials have shown that 
acupuncture combined with HRT can significantly 
increase serum AMH levels in patients with POF and 
that its efficacy is superior to that of HRT alone, without 
hormone-related adverse effects.
	 Moxibustion is a traditional Chinese therapy using 
a burned moxa stick made from dried mugwort. The 
combustion of the mugwort permits transmission of 
heat to the body that causes various pathologic changes 
(75). Available research suggests that moxibustion 
therapy has significant therapeutic value in the areas of 
arthritis (including osteoarthritis of the knee) and pain 
management (76,77). This pleiotropic effect includes 
improvement of immune function and inhibition of 
oxidative stress and apoptosis (78). Moxibustion has 
also displayed unique benefits in the treatment of POF. 
Research has shown that moxibustion can help to 
regulate the menstrual cycle and increase blood flow 
to the ovaries (79). It can also balance hormone levels 
(such as E2, aromatase, and testosterone) and enhance 
ovarian function (80). Its therapeutic principle is based 
on the TCM theory of 'warming the kidney and filling 
the essence, regulating the Chong ren,' which improves 
ovarian function by stimulating specific acupoints with 
warmth and heat. Commonly used acupuncture points 
include Guanyuan, Qihai, and Sanyinjiao. Together 
with back acupuncture points such as Ren Yu and Vital 
Gate, it constitutes a therapeutic program of anterior 
and posterior matching points. It increases ATP levels in 
ovarian tissue, activates the AMPK-sensing energy state, 
and then inhibits the over-activation of mTOR. Studies 

(78,79,81) have shown that moxibustion can effectively 
increase levels of E2 and AMH while decreasing levels 
of the hormones FSH and LH. Moxibustion can also 
activate the Nrf2/HO-1 and PI3K/Akt signaling pathways 
in the ovaries, thereby reducing inflammatory injury 
and improving ovarian reserve function. Activation of 
the AMPK/mTOR pathway by moxa displays "biphasic 
regulation." In the early phase (1-2 weeks of treatment), 
it mainly inhibits mTOR and promotes autophagy to 
remove the damaged components; in the late phase (3-4 
weeks), it maintains cellular homeostasis through the 
balance of AMPK/mTOR, which is highly compatible 
with the therapeutic principle of TCM, which is "first 
pass and then replenish."

5. Conclusion and future perspectives

POF is a complex gynecological endocrine disease with 
a pathogenesis that is closely related to the imbalance 
of oxidative stress and autophagy and apoptosis 
(37,82), and the AMPK/mTOR signaling pathway, as 
a core regulatory network linking energy metabolism, 
oxidative stress, and autophagy and apoptosis (83), 
plays a key role in the development of POF. This review 
systematically described the mechanisms of oxidative 
stress and autophagy-apoptosis in POF. This work has 
synthesized current evidence on TCM interventions 
targeting the AMPK/mTOR pathway and, for the first 
time, highlighted how the stage-specific regulatory roles 
of AMPK/mTOR signaling align with the TCM principle 
of syndrome differentiation and treatment.
	 Numerous studies have shown that TCM can 
effectively regulate the AMPK/mTOR pathway, reduce 
oxidative stress damage, and restore the balance of 
cellular autophagy and apoptosis through its multi-
component and multi-target properties, thus improving 
ovarian function. These findings provide an important 
theoretical basis and practical guidance for the combined 
treatment of POF with Chinese and Western medicine 
(Table 1).
	 However, the current study had several limitations. 
First, most of the cited studies are still at the animal 
experiment or cellular level,  with insufficient 
evidence for clinical translation. Second, studies on 
the mechanisms by which TCM regulates the AMPK/
mTOR pathway lack depth, and there is a lack of studies 
on spatio-temporal specific regulation in particular. 
In addition, network pharmacological studies on the 
interactions between the complex components of TCM 
complexes and the AMPK/mTOR pathway need to go 
into further depth.
	 That said, combining Chinese and Western medicine 
in the treatment of POF is worth exploring. Examples 
include combining TCM with assisted reproductive 
technology to improve oocyte quality and endometrial 
tolerance by regulating the AMPK/mTOR pathway or 
combining TCM with HRT to reduce adverse effects and 
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improve efficacy. As understanding of the AMPK/mTOR 
pathway grows and research into modernizing TCM 
continues, new avenues will open up for the prevention 
and treatment of POF.
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