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Polycystic ovary syndrome (PCOS) is a prevalent endocrine disorder that adversely affects women’s reproductive and metabolic health conditions. Recent studies have highlighted the significant contributory role of gut microbiota in the pathogenesis of PCOS, indicating a complex interplay between the microbiome and the syndrome’s clinical manifestations. Given this connection, Traditional Chinese Medicine (TCM), a well-established therapeutic approach, has demonstrated potential efficacy in modulating gut microbiota and alleviating symptoms associated with PCOS. This review aims to summarize and analyze current research on the effects of TCM on gut microbiota in individuals with PCOS, exploring underlying mechanisms and relevant findings to provide insights for future clinical applications and improve understanding of TCM’s role in managing PCOS.
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1 Introduction

Polycystic ovary syndrome (PCOS) is one of the most common endocrine disorders in women of reproductive age, affecting 4-20% of this population worldwide (1, 2). PCOS can lead to ovulation disorders resulting in infertility. It is characterized by chronic ovulation disorders, hyperandrogenemia, and bilateral polycystic ovaries, often accompanied by insulin resistance, menstrual irregularities, hirsutism, acne, obesity, and other metabolic conditions (3). These symptoms not only impact the patient’s fertility but also pose a threat to their quality of life and long-term health. Currently, the pathogenesis of PCOS remains partially understood. Previous studies have indicated that genetic, neuroendocrine, and lifestyle factors play important roles in the pathophysiology of PCOS (4). Some studies have also proposed that the occurrence of PCOS is related to DNA methylation, X-chromosome inactivation, and histone modification (5). With the advancements in the study of intestinal flora in modern medicine, it has been discovered that intestinal flora is closely related to the pathogenesis of PCOS. PCOS patients often exhibit intestinal dysbiosis, which can influence the pathogenesis of PCOS through multiple mechanisms (6).

At present, the treatment of PCOS mainly adopts methods such as lifestyle adjustment and drug therapy. However, these methods have disadvantages such as side effects, low long-term medication compliance of patients, poor curative effects, and the existence of contraindications in some cases. Traditional Chinese medicine (TCM) has accumulated rich experience in the treatment of PCOS through long-term practice and exploration. TCM theory emphasizes the concept of holism, that is, all parts of the human body are interrelated and influence each other. TCM treatment of PCOS has the characteristics of multi-target and overall regulation. Multi-target treatment means that TCM intervenes in multiple symptoms and pathological changes simultaneously. Additionally, TCM has unique potential to regulate intestinal flora, which may be an important mechanism for treating PCOS. In recent years, many clinical studies or animal experiments have attempted to treat PCOS by regulating the intestinal flora with Chinese medicine and have made certain progress. Therefore, gut microbiota and their metabolites may be a crucial therapeutic target for TCM in treating PCOS.

This review conducted a systematic search across major databases, including PubMed, Web of Science, China National Knowledge Infrastructure (CNKI), and Wanfang Data, for articles published in the last decade. The search utilized key terms such as “polycystic ovary syndrome” or “PCOS”, “Traditional Chinese Medicine” or “TCM”, “gut microbiota” or “intestinal flora”, and “mechanism”. The focus was on original clinical and preclinical research articles, as well as review articles that explored the role of gut microbiota in the pathophysiology of PCOS and the modulation of microbiota through TCM in managing PCOS. Studies were selected based on their reporting of mechanistic insights related to hormonal, metabolic, or inflammatory pathways. This selection process involved a two-stage screening, starting with a review of titles and abstracts, followed by a full-text evaluation of potentially eligible studies. The aim is to systematically delineate the tripartite interactions among TCM, PCOS, and gut microbiota, to synthesize evidence on the therapeutic benefits of TCM-driven microbiota modulation in mitigating PCOS pathologies, and to identify and evaluate novel microbiota-targeted modulators derived from TCM compounds, which may offer innovative strategies for clinical management, symptom alleviation, and long-term health improvement in affected women.




2 Relationship between intestinal microflora and PCOS



2.1 Gut microflora signatures in PCOS

The gut microbiota is essential for maintaining human homeostasis, and an imbalance in this microbiota is associated with polycystic ovary syndrome (PCOS). Research indicates that patients with PCOS exhibit lower levels of α- and β-diversity in their gut microbiota compared to healthy individuals (7, 8). Key microbial changes observed in PCOS include a decrease in beneficial bacteria such as Lactobacillus, Ruminococcus, Clostridium, and Bifidobacterium, along with a reduction in the abundance of Prevotellaceae. Conversely, harmful bacteria like Salmonella pullorum, Bacteroides, and Enterobacteriaceae tend to increase in these patients (9–14). Additionally, some studies have noted an increase in Firmicutes and a decrease in Bacteroidetes in certain models (15). Clinically, dysbiosis in the gut microbiota has been linked to inflammation, insulin resistance, and hyperandrogenism (14, 16). Notably, experiments involving the transplantation of healthy gut microbiota into PCOS rats have shown improvements in ovarian function and hormonal levels, thereby supporting a causal relationship. However, variations across studies highlight that differences in PCOS subtypes, such as obese versus lean individuals, and dietary models, like high-fat diets, can influence these microbial changes (15, 17, 18). This suggests a degree of heterogeneity in the dysbiosis associated with PCOS, as some genera may increase while others decrease.




2.2 Mechanism of gut microbiota affecting PCOS



2.2.1 Hyperandrogenism

Hyperandrogenemia (HA) is a key pathological feature of polycystic ovary syndrome (PCOS), leading to various clinical manifestations such as hirsutism, acne, ovulatory dysfunction, and impaired follicular development (19). Additionally, HA plays a role in the progression of PCOS by disrupting ovarian function. The gut microbiota has been shown to influence androgen regulation, particularly testosterone levels. Research indicates that the ratio of Firmicutes to Bacteroidetes correlates with free testosterone levels, and an increase in the abundance of specific bacteria such as Bacteroidaceae, Prevotella, and Parasutterella is associated with elevated testosterone levels (10, 20), with Parasutterella demonstrating a direct positive correlation in PCOS rat models (10, 21). Furthermore, fecal microbiota transplantation studies confirm that gut microbes can directly modulate host androgen levels (11). In terms of PCOS-specific microbial shifts, higher abundances of Anaerococcus and Tyzzerella are linked to increased testosterone levels, while overgrowth of Streptobacillus is associated with pro-inflammatory responses (20, 22, 23). There is a bidirectional interaction between HA and gut microbiota, where androgens can alter the microbiota composition, gut function, and enzyme activity, while dysbiosis can exacerbate HA by further disrupting endocrine and metabolic pathways, thereby worsening the condition of PCOS (7, 24). Early-life effects of HA are also significant, as prenatal HA has been shown to reduce gut microbiota diversity in offspring, which may increase the risk of metabolic diseases in adulthood (25, 26). Clinically, maintaining low androgen levels is crucial for supporting follicular growth, while excess androgens can lead to follicular damage and dermatological symptoms such as acne (27). It is also noteworthy that adrenal HA occurs in 15–45% of PCOS patients, underscoring the heterogeneity of this condition (19).




2.2.2 Insulin resistance

Insulin resistance (IR) is a common endocrine feature in PCOS. Around 50%–70% of PCOS patients present with varying degrees of IR, which is more pronounced in obese patients, who have a higher risk of diabetes compared to normal women (28). The presence of IR not only exacerbates glucose and lipid dysregulation but also contributes to hyperandrogenemia, further complicating the pathology of PCOS. Recent research has highlighted the role of gut microbiota in the development of IR. Notably, shifts in microbial composition, such as a decrease in Prevotella and an increase in Bacteroides, have been associated with IR in PCOS patients (12). The overgrowth of Bacteroides is linked to a reduction in bile acids, including glycine-deoxycholic acid and tauro-ursodeoxycholic acid, as well as impaired secretion of interleukin-22 (IL-22) and disrupted bile acid metabolism (10, 12). In studies involving PCOS rats, an expansion of Prevotella was found to worsen IR and carbohydrate metabolism (29). The mechanisms behind microbial dysbiosis contributing to IR include pathways mediated by lipopolysaccharides (LPS). An increase in LPS-producing bacteria leads to endotoxin leakage, which activates inflammatory pathways such as NF-κB, MAPK, and JNK, resulting in dysfunction of insulin receptor substrates characterized by increased serine phosphorylation and decreased tyrosine phosphorylation, ultimately leading to IR. Additionally, LPS binds to Toll-like receptor 4 (TLR4), further amplifying inflammation and hyperinsulinemia (30). Another critical factor is the depletion of short-chain fatty acids (SCFAs), such as butyrate, which typically enhance insulin sensitivity by regulating gastrointestinal hormones like GLP-1 and PYY and strengthening gut barrier function to reduce endotoxin translocation (14). However, in PCOS, a reduction in beneficial bacteria like Bifidobacterium and Enterococcus faecalis leads to diminished SCFA production, impairing these protective effects and contributing to the overall metabolic dysfunction associated with the condition.




2.2.3 Chronic inflammation

Chronic inflammation is a notable feature in patients with PCOS, marked by low-grade inflammation that manifests through several biological indicators. These patients often show elevated levels of proinflammatory cytokines, both in their ovarian tissue and bloodstream (31, 32). Additionally, there is evidence of leukocyte infiltration, endothelial dysfunction, and metabolic endotoxemia contributing to this inflammatory state. Key microbial metabolites play a significant role in driving this inflammation (33). For instance, short-chain fatty acids (SCFAs) like acetate have been shown to suppress the activation of the NLRP3 inflammasome in PCOS rat models, thereby reducing ovarian inflammation (34, 35). However, other SCFAs, such as butyrate and propionate, which are known to enhance immunomodulation, are often found to be depleted in individuals with PCOS (35). Bile acids (BAs) also exhibit altered profiles in the follicular fluid of PCOS patients, which correlates with hormonal dysregulation, including hyperandrogenemia, and a reduction in IL-22 secretion that leads to impaired immunomodulation (10, 36). Furthermore, lipopolysaccharides (LPS) are implicated in this inflammatory process, disruptions in the gut barrier due to dysbiosis can lead to increased circulating levels of LPS (37). This, in turn, activates the TLR4 receptor, triggering pathways such as NF-κB and MAPK, which promote insulin resistance through mechanisms like IRS-1 serine phosphorylation, as well as hyperandrogenemia and ovarian dysfunction (38, 39). The systemic effects of gut microbiota are also significant, as the interplay between diet and microbiota can exacerbate conditions like insulin resistance and ovarian inflammation, particularly with high-fat diets that increase LPS levels (39, 40). Studies involving microbial transplantation have demonstrated that dysbiosis can directly impact follicular development, oocyte quality, and fertility, linking it to endocrine dysfunction and defects in glycolipid metabolism (10, 41, 42). Notably, there is therapeutic potential in addressing these issues, as supplementation with IL-22 has shown promise in ameliorating insulin resistance and inflammation in models of PCOS (10).

A summary of the mechanism is shown in Figure 1.
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Figure 1 | Mechanism of gut microbiota dysbiosis for PCOS. Gut microbiota dysbiosis, characterized by reduced diversity, decreased beneficial bacteria, and increased potentially pathogenic bacteria, may contribute to PCOS through several pathways. The first possible mechanism involves specific bacterial taxa correlating with elevated serum testosterone levels, directly influencing androgen metabolism and leading to increased androgen secretion (Blue). The second possible mechanism is that dysbiosis increases intestinal permeability, allowing bacterial endotoxin lipopolysaccharide (LPS) to translocate into the circulation. This impairs insulin signaling, ultimately resulting in insulin resistance (Green). The third possible mechanism is that LPS translocation triggers systemic inflammation via the TLR4/NF-κB signaling pathway. This elevates pro-inflammatory cytokines, adversely affects follicular development, and reciprocally aggravates hyperandrogenism and insulin resistance (Red).






3 Regulation of TCM on PCOS

PCOS is a prevalent endocrine disorder affecting women of reproductive age, characterized by a range of symptoms including hyperandrogenism, menstrual irregularities, and polycystic ovarian morphology. TCM has been increasingly recognized for its potential in managing PCOS, providing a holistic approach that includes herbal remedies, acupuncture, and lifestyle modifications.



3.1 The impact of TCM formulas on PCOS

TCM plays a crucial role in the treatment of PCOS, especially herbal formulas which show unique advantages. On one hand, traditional TCM prescriptions are widely used in the clinical treatment of PCOS patients. A national study in Taiwan showed that more than 20 herbal formulas have been used to treat PCOS patients (43). TCM can regulate the endocrine of PCOS patients by adjusting ovarian hemodynamics, serum hormone levels and menstrual cycles, improving menstrual irregularities, ovulation and pregnancy rates. Moreover, the clinical efficacy of TCM is superior to that of Western medicine treatment (44). A study emphasized that FuFang ZhenZhu TiaoZhi has a positive effect in reducing insulin resistance and improving ovarian function in experimental models of PCOS. It can increase adiponectin levels, showing potential as a therapeutic agent for PCOS (45). Liuwei Dihuang Pills can improve polycystic ovarian changes and reduce follicular atresia (46). Cangfu Daotan Decoction treats PCOS by regulating lipid metabolism, sex hormone secretion and increasing the expression of OATP2B1 and OATP3A1 (47). On the other hand, TCM is widely used and has significant efficacy in regulating intestinal microecology. The comprehensive application of TCM can achieve multi-target and multi-pathway improvement of the dysbiosis of the intestinal flora. Wang et al. (48) found that Bu Shen Hua Zhuo formula can increase the α-diversity of the gut microbiota in PCOS rats, reduce the relative abundance of Firmicutes, increase lactic acid bacteria and short-chain fatty acid-producing bacteria, and improve ovarian morphology. PCOS model was established by orally administering letrozole to rats, which confirmed that Shaoyao-Gancao Decoction significantly reduced the ratio of Firmicutes to Bacteroidetes, decreased the LPS-producing pathogen Proteobacteria, increased the abundance of Butyricicoccus, Coprococcus, Akkermansia, Blautia and Bacteroides, and improved the polycystic symptoms in PCOS rats (49). The traditional Chinese medicine decoction Modified Banxia Xiexin Decoction can regulate the disorder of the intestinal flora in rats, significantly increase the abundance of Verrucomicrobiota, Proteobacteria, Akkermansia and Blautia, reduce the abundance of Clostridium_sensu_stricto_1, and promote follicular development (13). A study on PCOS mice showed that Yulin Tong Bu formula significantly alleviated the dysbiosis of the gut microbiota in PCOS mice, especially increasing the relative abundance of beneficial bacteria such as lactic acid bacteria and short-chain fatty acid-producing bacteria. Metabolites such as ferulic acid and folic acid were negatively correlated with PCOS clinical parameters (50). Jiawei Qi Gong Wan can increase the diversity of the intestinal flora and the number of probiotics in PCOS patients with phlegm-damp constitution, and improve the structure of the intestinal flora (51). In addition, in the treatment of PCOS, TCM methods often use herbal formulas targeting specific syndromes to improve the composition and function of the gut microbiota. Yulin Tong Bu formula can improve PCOS symptoms by correcting glucose metabolism and restoring the balance of the gut microbiota (50); dietary interventions can effectively increase the diversity of the gut microbiota and improve the clinical outcomes of PCOS patients (52). The modulation of gut microbiota by TCM not only aids in the treatment of conditions like PCOS but also offers insights into the underlying mechanisms of herbal efficacy, suggesting that the gut microbiome may serve as a biological indicator for the therapeutic effects of TCM (53).




3.2 The effects of single herbs on PCOS

In addition to complex formulas, the efficacy of single herbs and their components in treating PCOS has also been studied. Different monomeric components of traditional Chinese medicine can improve the pathological conditions of PCOS through multiple mechanisms. Coptis chinensis, an important medicinal plant in the Ranunculaceae family, has been found to reverse the pathological damage of ovarian tissue in polycystic ovary syndrome and regulate the mRNA and protein expression levels of MAPK1, CXCL8, IL-6 and IL-1β (54). Cinnamon can improve the menstrual cycle and ovarian size of patients. Short-term supplementation of cinnamon has a beneficial effect on metabolism. For some women with polycystic ovary syndrome, it may be an effective treatment option (55, 56). Wang et al. found that quercetin can improve IR in PCOS rats, show a good therapeutic effect, and restore the estrous cycle of rats (57). Curcumin can significantly reduce body mass index (BMI), fasting blood glucose, insulin levels, and the degree of insulin resistance. In addition, taking curcumin can upregulate the expression of peroxisome proliferator-activated receptor γ (PPAR-γ) gene, peroxisome proliferator-activated receptor γ coactivator 1α (PGC1α) gene, low-density lipoprotein receptor (LDLR) gene, and the activity of glutathione peroxidase (Gpx). Moreover, curcumin can effectively reduce the complications related to oxidative stress in patients with polycystic ovary syndrome and improve insulin sensitivity (58–60). Some other components of traditional Chinese medicine also have positive effects. Berberine is an isoquinoline alkaloid found in plants such as Canadian goldenseal, yellowroot, and California poppy. Relevant studies have shown that it can relieve the progression of PCOS by affecting the production of short-chain fatty acids (SCFAs) by the intestinal flora of PCOS mice (61). In animal models of polycystic ovary syndrome, berberine has neuroprotective and cardiovascular protective effects. Randomized controlled trials (RCTs) have clearly confirmed its lipid-lowering and insulin resistance (IR)-improving effects. It has the same effect as metformin in alleviating insulin resistance, improving glucose and lipid metabolism, and reproductive endocrine status (62). In addition, berberine can improve the changes in Firmicutes and Bacteroidetes at the phylum level and the changes in Romboutsia, Bacteroides, and Clostridium_sensu_stricto_1 at the genus level in the intestinal tract of rats, effectively improving the pathological conditions of PCOS (61). In an open-label, single-group, non-randomized, post-marketing surveillance study, the extract of fenugreek seeds can reduce or dissipate ovarian cysts in patients with polycystic ovary syndrome (PCOS). After treatment, the menstrual cycle of 71% of the patients returned to normal, and 12% of the patients subsequently became pregnant successfully (63). The extract of sage was shown the body mass index and systolic blood pressure of patients with polycystic ovary syndrome and improve the insulin resistance index (64). After taking soy isoflavones for 12 weeks, women with polycystic ovary syndrome showed significant improvements in insulin resistance, hormone levels, total cholesterol, and oxidative stress biomarkers (65). This evidence supports the notion that single herbs can serve as effective adjuncts in the holistic treatment of PCOS, emphasizing the importance of individualized herbal therapy based on specific patient needs.




3.3 The influence of acupuncture on PCOS

Acupuncture, a valued aspect of traditional medicine, has been practiced in China for over three thousand years. Over this long history, acupuncture has evolved into multiple treatment approaches, and its importance in treating polycystic ovary syndrome (PCOS) has grown significantly. Both clinical and animal experimental results have shown that acupuncture can effectively regulate the function of the hypothalamic-pituitary-ovarian axis (HPOA) in PCOS patients, improve their metabolic status, and promote ovulation (66). Acupuncture demonstrates unique therapeutic effects by regulating the autonomic nervous system and balancing the activities of the sympathetic and parasympathetic nerves (67, 68). For example, in the case of obese and infertile patients with PCOS, researchers select specific meridians and acupoints for acupuncture treatment, aiming to improve the overall health of these patients (69, 70). Some studies have pointed out that acupuncture treatment can help reduce the LH/FSH ratio, and personalized acupuncture regimens may improve the live birth rates among infertile women (71, 72). However, there are also studies suggesting that acupuncture does not significantly increase the live birth rates (73, 74). In the vast field of modern medicine, the standard treatment methods for obese PCOS mainly include various strategies such as dietary control, exercise-induced weight loss, and behavioral interventions. With its relatively few adverse reactions and the ability to conduct syndrome differentiation and treatment according to individual symptoms, acupuncture shows unique advantages in treating obese PCOS. Current research mainly focuses on the regulation of sex hormone levels by acupuncture and its profound impact on obese PCOS through the ‘brain-gut axis’ mechanism. Research indicates that a high ratio of Firmicutes to Bacteroidetes in the gut microbiota of obese individuals may contribute to obesity, and this dysregulation is viewed as a potential cause of obesity in PCOS patients (24). Acupuncture therapies, such as electroacupuncture and acupoint embedding, can effectively inhibit the accumulation of abdominal fat and regulate glucose and lipid metabolism. This process may be closely related to improvements in the diversity of the gut microbiota and the restoration of its composition and function (75). Acupuncture therapy demonstrates promising potential in regulating gut microbiota, glucose and lipid metabolism, and androgen levels in obese PCOS patients, effectively reducing fat accumulation and enhancing overall health. To further validate these findings, future research should focus on conducting large-scale, long-term randomized controlled trials to establish standardized treatment protocols.





4 The mechanism of TCM in regulating PCOS through gut microbiota

Polycystic ovary syndrome (PCOS) is a complex endocrine disorder characterized by hormonal imbalances, insulin resistance, and chronic inflammation, which can lead to various metabolic complications. Traditional Chinese Medicine (TCM) has gained attention as a complementary approach to managing PCOS due to its holistic perspective and multifaceted therapeutic strategies. This section explores the mechanisms by which TCM can improve the symptoms and underlying causes of PCOS, emphasizing hormonal regulation, insulin resistance, and anti-inflammatory effects (Figure 2).

[image: Diagram showing how Traditional Chinese Medicine (TCM) can influence polycystic ovary syndrome (PCOS) by altering gut microbiota. TCM elements include regulating hormone metabolism, reducing insulin resistance, and inhibiting inflammatory responses. It lists various formulas and extracts under each category, such as curcumin, cinnamon, and berberine, with effects indicated by arrows.]
Figure 2 | Main mechanisms of traditional Chinese medicines for treating PCOS through modulation of gut microbiota. BSHT, Bushen Huatan Fang; BSJYTC, Bushen Jieyu Tiaochong formula; BSHZ, BuShenHuaZhuo formula; BXXX, Banxia Xiexin decoction; CFDT, Cangfu Daotan decoction; CRP, C-reactive protein; DKP, Dingkun pill; E2, estradiol; FSH, follicle-stimulating hormone; FT, free testosterone; GLUT4, glucose transporter 4; GZFL, Guizhi Fuling Wan; HDL-c, high-density lipoprotein cholesterol; HYKT, Heyan Kuntai capsules; IGF-1, insulin-like growth factor 1; IL, interleukin; INSR, Insulin Receptor; IRS-1, insulin receptor substrate 1; ISI, insulin sensitivity index; JWQG, Jiawei Qigong pills; LDL-c, low-density lipoprotein cholesterol; LH, luteinizing hormone; LPS, lipopolysaccharide; LWDH, Liuwei Dihuang pills; HYKT, Heyan Kuntai Capsules; NFκB, nuclear factor-κB; NLRP3, NLR family pyrin-domain containing protein 3; MCFDT, Modified Cangfu Daotan decoction; SYGC, Shaoyao-Gancao decoction; TCHO, total cholesterol; TLR4, toll-like receptor 4; TNF-α, tumor necrosis factor α; TT, total testosterone; YLTB, YulinTongBu formula; ZBDH, Zhibaidihuang decoction.



4.1 Mechanisms of TCM formulas and herbs in regulating PCOS via gut microbiota



4.1.1 Regulate hormone metabolism

PCOS is characterized by specific endocrine features, such as high levels of androgens, increased luteinizing hormone (LH), normal follicle-stimulating hormone (FSH) levels, and a relatively high LH/FSH ratio (76). One of the key mechanisms of TCM in treating PCOS is through the regulation of hormone levels. Relevant studies have shown that various Chinese herbal compound prescriptions have a positive impact in this regard. Modified Zhibaidihuang decoction demonstrates a dose-response relationship in treating hyperandrogenemia in PCOS. After treatment, the concentration of total testosterone in serum decreases, and the acne score is significantly lower than before treatment (77). Research by Pan et al. shows that the Bushen Jieyu Tiaochong formula can enhance abnormal follicular expansion in PCOS rats, while lowering serum levels of free testosterone (FT), LH, and the LH/FSH ratio (78). Shaoyao-Gancao decoction treatment significantly lowers serum testosterone levels in PCOS rats, increases estradiol (E2) and FSH levels, and thus improves hyperandrogenemia in these rats (49, 79). Cangfu Daotan Decoction can reduce the levels of total cholesterol (TCHO), triglycerides (TG), low-density lipoprotein cholesterol (LDL-c), luteinizing hormone, and testosterone in the serum of PCOS rats, and increase the levels of high-density lipoprotein cholesterol (HDL-c), follicle-stimulating hormone, and estradiol in a dose-dependent manner (47). Liuwei Dihuang pills significantly increase the levels of serum FSH, E2, and progesterone in PCOS rats while reducing the levels of LH and testosterone (46). Liang et al. (80) found that Heyan Kuntai capsules can improve the levels of serum LH, LH/FSH, and testosterone in patients with PCOS, reduce levels of total cholesterol, triglycerides, and LDL-c in patients, and increase the level of HDL-c. In addition, some other Chinese herbal components also have a regulatory effect on hormone metabolism. One study has confirmed that Curcumin is associated with a significant reduction in total cholesterol, LDL cholesterol, and the total/HDL cholesterol ratio, as well as a significant increase in the HDL cholesterol level (60). The extract of Trigonella foenum-graecum seed (Furocyst) has been found to increase the levels of LH and FSH in the serum of patients with PCOS (63). Cinnamon can improve the levels of total cholesterol (TC) and LDL in patients (55). Another study found that Origanum majorana can significantly reduce the level of adrenal androgens (81). TCM uses hormonal adjustments to relieve PCOS symptoms and tackle the disorder’s root causes, offering a more holistic treatment approach.




4.1.2 Reduce insulin resistance

Insulin resistance (IR) is a key characteristic of PCOS. It regulates various mediators and pathways, playing a crucial role in the development and progression of PCOS. It also leads to metabolic dysfunction and an increased risk of type 2 diabetes. The potential of TCM to enhance insulin sensitivity through various mechanisms is well recognized. Several Chinese herbal compound prescriptions have demonstrated significant effectiveness in improving insulin resistance in both PCOS patients and rats. Wang et al. (82) confirmed that the Chinese herbal compound Cangfu Daotan decoction can improve IR in PCOS rats, restore serum hormone levels, and reduce ovarian morphological damage in PCOS rats. Modified Cangfu Daotan decoction can play a role in improving ovarian function in PCOS-IR rats by upregulating the expression of INSR/IRS-1/GLUT4 in the insulin signaling pathway in an inflammatory environment (83). Heyan Kuntai capsules can improve metabolic disorders in PCOS patients, reduce body mass index and waist-to-hip ratio, decrease fasting and 2-hour postprandial blood glucose levels, increase the insulin sensitivity index (ISI) and decrease sex hormone levels (80). Qiu et al. (46) found that treatment with Liuwei Dihuang pills normalized the insulin sensitivity index, significantly improved the structure of polycystic ovaries, and reduced insulin resistance by upregulating Cyp19a1 and activating the PI3K/Akt signaling pathway. In PCOS patients, Dingkun pill (DKP) or the combination of DKP and Diane-35 can lead to a decrease in the homeostasis model assessment of insulin resistance and an increase in the quantitative insulin sensitivity check index (84). Jiawei Qigong pills can improve the insulin resistance state, regulate endocrine metabolism, and improve overall symptoms by improving the intestinal flora structure in PCOS patients with phlegm-damp constitution (51). Treatment with YulinTongBu formula has improved symptoms such as delayed blood glucose clearance, decreased insulin sensitivity, disorders of glucose and lipid metabolism, and hormonal imbalance in PCOS mice (50). In addition, some plant extracts also have a positive effect on improving insulin resistance in PCOS patients. The extract of Salvia officinalis can significantly reduce insulin levels and the homeostasis model assessment of insulin resistance in PCOS patients, and significantly increase the quantitative insulin sensitivity check index, thus improving insulin resistance markers (64). Cinnamon can significantly reduce fasting insulin and insulin resistance in women with PCOS (55). Origanum majorana can reduce insulin levels and the homeostasis model insulin resistance index, improve insulin sensitivity in women with polycystic ovary syndrome (81). Treatment with Rubus chingii Hu has improved hormonal imbalance and IR in PCOS model rats and ameliorated ovarian pathological conditions (85). Furthermore, electroacupuncture treatment can improve ovarian IR in PCOS patients by upregulating the IRS-1/PI3K/GLUT4 signaling pathway (86). In the PCOS-IR rat model, total flavonoids can decrease insulin levels, increase IRS-1 and p-IRS-1 levels, and improve the histopathological changes in the ovaries and pancreas (87).

Multiple studies indicate that an imbalance in gut microbiota plays a role in both the onset and persistence of insulin resistance (88). Zhu et al. (89) induced PCOS model rats and found that Guizhi Fuling Wan can significantly increase the relative abundance of Alloprevotella and reduce the relative abundance of RuminococcaceaeUCG-003 and LachnospiraceaeUCG-008, thereby alleviating IR in PCOS rats. Zhao et al. (13) administered Modified Banxia Xiexin decoction to PCOS-IR model rats and discovered that it can reduce insulin resistance by lowering the relative abundance of the key pathogenic bacterium Clostridium sensu stricto 1. The Bushen Huazhuo formula (48) significantly increases the α-diversity of gut microbiota in PCOS model rats. It decreases the abundance of Firmicutes while increasing Lactobacillus and gut bacteria that metabolize short-chain fatty acids (SCFAs), leading to improved insulin resistance. Shen et al. (61) found that Berberine, an isoquinoline alkaloid from the Chinese herbal medicine Coptis chinensis, alters the relative abundance of Firmicutes and Bacteroidetes, enhances relevant metabolites, and lowers fasting blood glucose and insulin levels, as well as the insulin resistance index. TCM addresses insulin resistance, which aids in managing weight and metabolic health in patients with polycystic ovary syndrome. Additionally, it reduces the risk of long-term complications associated with this condition.




4.1.3 Inhibit inflammatory responses

Chronic inflammation is a major factor in the pathophysiology of PCOS, contributing to insulin resistance and hormonal imbalance. Multiple studies have shown that various Chinese herbal formulas significantly regulate chronic inflammation in PCOS. Zhu et al. (89) found that Guizhi Fuling Wan significantly reduces concentrations of inflammatory factors like interleukin-6 (IL-6), tumor necrosis factor-α (TNF-α), and high-sensitivity C-reactive protein. This reduction inhibits the inflammatory response in PCOS-IR model rats. This effect is linked to changes in the relative abundance of gut microbiota, which influences inflammation levels. Among them, the relative abundance of Alloprevotella is negatively correlated with the levels of inflammatory markers IL-6 and high-sensitivity C-reactive protein, while the relative abundances of Ruminococcaceae UCG-003 and Lachnospiraceae UCG-008 are positively correlated with the levels of IL-6 and high-sensitivity C-reactive protein. Oxidative stress and inflammation are closely related to the occurrence of PCOS. Lu Chen et al. have confirmed that Bushen Huatan Fang can reduce the inflammatory response and oxidative stress in PCOS (90). Cangfu Daotan decoction can regulate lipid metabolism, sex hormone secretion and inflammatory response, and reduce the serum levels of IL-1β, IL-6 and TNF-α (47), also can improve the inflammatory microenvironment and regulate follicular development by regulating the IGF-1-PI3K/Akt-Bax/Bcl-2 signaling pathway (82). Both BuShenHuaZhuo formula and YulinTongBu formula can reduce the levels of lipopolysaccharide (LPS) and inflammatory cytokines such as TNF-α, IL-6 and IL-8 in the serum of PCOS rats, and inhibit the inflammatory response mediated by the nuclear factor-κB (NF-κB) signaling pathway (48, 50). Shaoyao-Gancao decoction treatment can not only effectively reduce the phosphorylation of NF-κB p65, increase the expression of IκB, and decrease the levels of inflammatory factors such as TNF-α, IL-1β, IL-6 and IL-18 in the serum and ovarian tissues of PCOS rats (79), but also enhance the expression of tight junction proteins (occludin and claudin1) and inhibit the expression of key genes and proteins in the TLR4/NF-κB signaling pathway (49). In addition, the treatment with the Chinese herbal monomer Rubus chingii Hu can inhibit the activation of the TXNIP/NLRP3 inflammasome in the ovarian tissue of PCOS rats and improve the polycystic development of the ovaries (85). Quercetin can reduce the levels of IL-1b, IL-6, TNF-α and NF-κB, improve the inflammatory microenvironment of ovarian tissue in PCOS rat models, and inhibit the TLR/NF-κB signaling pathway (57). The anti-inflammatory effects of Chinese herbal medicine can relieve PCOS symptoms and prevent the progression of related metabolic disorders, thus improving patients’ quality of life.

A summary of this section is shown in Tables 1, 2.


Table 1 | Clinical trial of treating PCOS with TCM.
	Reference
	Intervention
	Patients
	Duration of study
	Results
	Mechanism



	(51)
	Jiawei Qi Gong Wan
	60
	2 months
	increase the number of intestinal probiotics and improve the state of insulin resistance
	reduces insulin resistance


	(55)
	cinnamon powder
	66
	12 weeks
	improve the levels of TC and LDL-c
	reduces insulin resistance


	(59)
	Curcumin
	60
	6 weeks
	increase insulin sensitivity check index
	reduces insulin resistance


	(60)
	Curcumin
	60
	12 weeks
	reduce TC, LDL-c; increase HDL-c and insulin sensitivity
	regulate hormone metabolism; reduces insulin resistance


	(63)
	Trigonella foenum-graecum seed
extract
	50
	90 days
	increase the levels of LH and FSH
	regulate hormone metabolism


	(64)
	Salvia officinalis extract
	60
	8 weeks
	reduced insulin levels and HOMA-IR
	reduces insulin resistance


	(65)
	Soy Isoflavones
	70
	12 weeks
	reduce HOMA-IR, TC, and free androgen index; increase insulin sensitivity check index
	regulate hormone metabolism; reduces insulin resistance


	(77)
	Zhibaidihuang Decoction
	90
	4 months
	decrease in serum testosterone concentration; Reduction in acne scores
	regulate hormone metabolism


	(80)
	Kuntai capsules
	100
	6 months
	improve the levels of serum LH, LH/FSH, and testosterone; increase insulin sensitivity index
	regulate hormone metabolism; reduces insulin resistance


	(81)
	Origanum majorana
	25
	1 months
	reduce the level of adrenal androgens; improve insulin sensitivity
	regulate hormone metabolism; reduces insulin resistance


	(84)
	Dingkun pill
	117
	3 months
	increase insulin sensitivity check index
	reduces insulin resistance





HOMA-IR, homeostasis model assessment of insulin resistance; TC, total cholesterol; LDL-c, low-density lipoprotein cholesterol; HDL-c, high-density lipoprotein cholesterol.




Table 2 | Animal experiment of treating PCOS with TCM through gut microbiota.
	Reference
	Intervention
	Animals
	Model
	Results
	Mechanism



	(13)
	Banxia Xiexin Decoction
	Rats
	Letrozole plus HFD
	increase the abundance of Verrucomicrobiota, Proteobacteria, Akkermansia and Blautia; reduce the abundance of Clostridium_sensu_stricto_1, and promote follicular development
	reduces insulin resistance


	(48)
	Bu Shen Hua Zhuo formula
	Rats
	Letrozole
	increase the α-diversity of the gut microbiota; reduce the relative abundance of Firmicutes; increase lactic acid bacteria and short-chain fatty acid-producing bacteria
	regulate hormone metabolism; inhibit inflammatory responses


	(49)
	Shaoyao Gancao Decoction
	Rats
	Letrozole
	reduced the ratio of Firmicutes to Bacteroidetes; decreased the LPS-producing pathogen Proteobacteria; increased the abundance of Butyricicoccus, Coprococcus, Akkermansia, Blautia and Bacteroides
	regulate hormone metabolism; inhibit inflammatory responses


	(50)
	Yulin Tong Bu foumula
	Mice
	DEHA plus HFD
	increasing the relative abundance of beneficial bacteria such as lactic acid bacteria and short-chain fatty acid-producing bacteria
	inhibit inflammatory responses


	(61)
	Berberine
	Rats
	DHEA
	improve the changes in Firmicutes and Bacteroidetes at the phylum level and the changes in Romboutsia, Bacteroides, and Clostridium_sensu_stricto_1 at the genus level
	reduces insulin resistance


	(78)
	Bushen Jieyu Tiaochong Formula
	Rats
	Letrozole plus CUMS
	decreases the abundance of Firmicutes, increasing Lactobacillus and gut bacteria
	regulate hormone metabolism


	(89)
	Guizhi Fuling Wan
	Rats
	Letrozole plus HFD
	increase the relative abundance of Alloprevotella and reduce the relative abundance of RuminococcaceaeUCG-003 and LachnospiraceaeUCG-008
	reduces insulin resistance; inhibit inflammatory responses





DEHA, dehydroepiandrosterone; HFD, high fat diet; CUMS, Chronic unpredictable mild stress.







4.2 Mechanisms of acupuncture in regulating PCOS via gut microbiota

Acupuncture, a fundamental practice in Traditional Chinese Medicine with a history spanning thousands of years, offers therapeutic benefits for polycystic ovary syndrome (PCOS) through mechanisms that differ from those of orally administered herbal remedies. While herbal treatments interact directly with the gastrointestinal tract and its microbiota, acupuncture primarily works by stimulating specific acupoints on the body surface, which sends afferent neural signals to the central nervous system (CNS) and triggers a series of neuroendocrine responses. A crucial pathway for the systemic effects of acupuncture, including its impact on gut microbiota and PCOS-related issues, is the brain-gut axis (91). The neuroendocrine signals activated by acupuncture, particularly through the vagus nerve, can significantly affect gut physiology and alter the composition of gut microbiota via this brain-gut connection. Research involving PCOS models has shown that acupuncture can effectively modify the gut microbial ecosystem. For instance, a randomized controlled trial found that acupuncture combined with clomiphene reduced the luteinizing hormone to follicle-stimulating hormone ratio and improved insulin resistance in obese PCOS patients, suggesting a potential link to gut microbiota (92). Furthermore, moxibustion has been shown to influence gut microbiota by increasing the levels of beneficial bacteria such as UCG-005 and Turicibacter while decreasing Desulfovibrio levels. It also helps alleviate PCOS symptoms by lowering fasting blood glucose, testosterone, and insulin levels (93). Additionally, electroacupuncture (EA) has been found to normalize serum levels of dihydrotestosterone (DHT) and progesterone, enhance glucose tolerance, and modify gut microbiota composition by increasing the abundance of the phylum Tenericutes and the genus Prevotella_9, thereby improving metabolic dysfunction and reproductive function in a PCOS-like rat model (94).





5 Discussion

Overall, substantial evidence links gut microbiota dysbiosis to the pathogenesis of PCOS. TCM, which includes herbal formulas such as Bu Shen Hua Zhuo formula, Shaoyao-Gancao Decoction, and Modified Banxia Xiexin Decoction, as well as individual herbs like Berberine and Curcumin, has shown significant therapeutic potential in managing PCOS. The modulation of gut microbiota is increasingly recognized as a key mechanistic pathway through which TCM exerts its beneficial effects, contributing to the restoration of hormonal balance, enhancement of insulin sensitivity, and reduction of chronic inflammation.

While modern medications, such as combined oral contraceptives (COCs) for hyperandrogenism and metformin for insulin resistance, effectively target specific symptoms, they often come with limitations, including side effects like gastrointestinal issues from metformin and COCs (95), as well as an incomplete understanding of the complexities of PCOS, particularly concerning gut dysbiosis. In contrast, TCM presents a holistic alternative that addresses core PCOS pathologies including hyperandrogenism, insulin resistance, and inflammation, primarily via gut microbiota modulation. Notable distinctions include mechanistic divergence, where metformin activates AMPK peripherally, while TCM formulas, such as Modified Banxia Xiexin Decoction, correct dysbiosis by reducing Clostridium_sensu_stricto_1 and boosting SCFA producers, thereby dampening inflammation and endotoxemia. Additionally, while COCs suppress ovarian androgens, TCM, exemplified by Modified Zhibaidihuang Decoction, normalizes gut taxa associated with androgen metabolism, including Parasutterella and Bacteroides. The synergistic potential of TCM lies in its ability to combat dysbiosis and inflammation, which may enhance the efficacy of conventional drugs, such as by mitigating the gastrointestinal effects of metformin through gut barrier repair, allowing for lower drug doses.

However, current research in this area faces several challenges. Many clinical trials and animal studies suffer from limited sample sizes, restricting statistical power and the generalizability of findings. The validity of existing animal models in accurately representing the complex pathophysiology of human PCOS is also a point of contention, which hampers their applicability to real-world scenarios. Furthermore, inconsistencies in the sourcing and preparation of TCM formulations pose difficulties for mechanistic studies and reproducibility. Often, there is insufficient detailed characterization of microbial changes, and a lack of comprehensive metabolomic profiling that links TCM interventions with shifts in gut microbiota and host outcomes. To fully realize the therapeutic potential of TCM via gut microbiota modulation, it is essential to align TCM practices with modern clinical standards. This alignment necessitates rigorous standardization and quality control of TCM products, employing advanced analytical techniques such as chromatography. Although there is evidence indicating that specific TCM compound formulas or individual herbs can influence gut microbiota, the precise active components and their molecular targets remain unidentified.

While there is evidence that specific TCM compound formulas or individual herbs can influence gut microbiota, the exact active components and their molecular targets remain unclear. Therefore, future research should focus on identifying these specific active components within TCM formulations that are responsible for modulating gut microbiota and alleviating symptoms of PCOS, utilizing modern biotechnologies like metabolomics and proteomics for a more thorough investigation. Additionally, exploring integrative approaches that combine TCM with conventional therapies is necessary to examine potential synergistic effects. Furthermore, the development of PCOS is influenced by various factors, including endocrine, metabolic, genetic, and environmental influences, and the mechanisms of interaction among these factors warrant further exploration.





Author contributions

XJ: Conceptualization, Writing – original draft. YW: Investigation, Writing – original draft. YH: Conceptualization, Visualization, Writing – original draft. HT: Funding acquisition, Visualization, Writing – original draft. HL: Funding acquisition, Visualization, Writing – review & editing.





Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The Young Medical Talents Training Program of Shanghai Pudong New Area Health Commission (No. PWRq2022-49), Funded by Talents Training Program of the Seventh People’s Hospital, Shanghai University of Traditional Chinese Medicine (No. JCR2022-02) and Shanghai Pudong New Area Science and Technology Commission Medical and Health (Livelihood Special Project) (No. PKJ2022-Y09).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.





References

	 Legro RS, Barnhart HX, Schlaff WD, Carr BR, Diamond MP, Carson SA, et al. Clomiphene, metformin, or both for infertility in the polycystic ovary syndrome. N Engl J Med. (2007) 356:551–66. doi: 10.1056/NEJMoa063971, PMID: 17287476


	 Deswal R, Narwal V, Dang A, Pundir CS. The prevalence of polycystic ovary syndrome: A brief systematic review. J Hum Reprod Sci. (2020) 13:261–71. doi: 10.4103/jhrs.JHRS_95_18, PMID: 33627974


	 Moran L, Teede H. Metabolic features of the reproductive phenotypes of polycystic ovary syndrome. Hum Reprod Update. (2009) 15:477–88. doi: 10.1093/humupd/dmp008, PMID: 19279045


	 Sun Y, Gao S, Ye C, Zhao W. Gut microbiota dysbiosis in polycystic ovary syndrome: Mechanisms of progression and clinical applications. Front Cell Infect Microbiol. (2023) 13:1142041. doi: 10.3389/fcimb.2023.1142041, PMID: 36909735


	 Rawat K, Sandhu A, Gautam V, Saha PK, Saha L. Role of genomic DNA methylation in PCOS pathogenesis: a systematic review and meta-analysis involving case-controlled clinical studies. Mol Hum Reprod. (2022) 28. doi: 10.1093/molehr/gaac024, PMID: 35789386


	 Hallajzadeh J, Khoramdad M, Karamzad N, Almasi-Hashiani A, Janati A, Ayubi E, et al. Metabolic syndrome and its components among women with polycystic ovary syndrome: a systematic review and meta-analysis. J Cardiovasc Thorac Res. (2018) 10:56–69. doi: 10.15171/jcvtr.2018.10, PMID: 30116503


	 Torres PJ, Siakowska M, Banaszewska B, Pawelczyk L, Duleba AJ, Kelley ST, et al. Gut microbial diversity in women with polycystic ovary syndrome correlates with hyperandrogenism. J Clin Endocrinol Metab. (2018) 103:1502–11. doi: 10.1210/jc.2017-02153, PMID: 29370410


	 Jobira B, Frank DN, Pyle L, Silveira LJ, Kelsey MM, Garcia-Reyes Y, et al. Obese adolescents with PCOS have altered biodiversity and relative abundance in gastrointestinal microbiota. J Clin Endocrinol Metab. (2020) 105:e2134–2144. doi: 10.1210/clinem/dgz263, PMID: 31970418


	 Qi X, Yun C, Pang Y, Qiao J. The impact of the gut microbiota on the reproductive and metabolic endocrine system. Gut Microbes. (2021) 13:1–21. doi: 10.1080/19490976.2021.1894070, PMID: 33722164


	 Qi X, Yun C, Sun L, Xia J, Wu Q, Wang Y, et al. Gut microbiota-bile acid-interleukin-22 axis orchestrates polycystic ovary syndrome. Nat Med. (2019) 25:1225–33. doi: 10.1038/s41591-019-0509-0, PMID: 31332392


	 Zeng B, Lai Z, Sun L, Zhang Z, Yang J, Li Z, et al. Structural and functional profiles of the gut microbial community in polycystic ovary syndrome with insulin resistance (IR-PCOS): a pilot study. Res Microbiol. (2019) 170:43–52. doi: 10.1016/j.resmic.2018.09.002, PMID: 30292647


	 Zhang J, Sun Z, Jiang S, Bai X, Ma C, Peng Q, et al. Probiotic Bifidobacterium lactis V9 Regulates the Secretion of Sex Hormones in Polycystic Ovary Syndrome Patients through the Gut-Brain Axis. mSystems. (2019) 4. doi: 10.1128/mSystems.00017-19, PMID: 31020040


	 Zhao H, Chen R, Zheng D, Xiong F, Jia F, Liu J, et al. Modified banxia xiexin decoction ameliorates polycystic ovarian syndrome with insulin resistance by regulating intestinal microbiota. Front Cell Infect Microbiol. (2022) 12:854796. doi: 10.3389/fcimb.2022.854796, PMID: 35619648


	 Zhou L, Ni Z, Cheng W, Yu J, Sun S, Zhai D, et al. Characteristic gut microbiota and predicted metabolic functions in women with PCOS. Endocr Connect. (2020) 9:63–73. doi: 10.1530/EC-19-0522, PMID: 31972546


	 Lin W, Wen L, Wen J, Xiang G. Effects of sleeve gastrectomy on fecal gut microbiota and short-chain fatty acid content in a rat model of polycystic ovary syndrome. Front Endocrinol (Lausanne). (2021) 12:747888. doi: 10.3389/fendo.2021.747888, PMID: 34858330


	 Guo Y, Qi Y, Yang X, Zhao L, Wen S, Liu Y, et al. Association between polycystic ovary syndrome and gut microbiota. PloS One. (2016) 11:e0153196. doi: 10.1371/journal.pone.0153196, PMID: 27093642


	 Dong S, Jiao J, Jia S, Li G, Zhang W, Yang K, et al. 16S rDNA full-length assembly sequencing technology analysis of intestinal microbiome in polycystic ovary syndrome. Front Cell Infect Microbiol. (2021) 11:634981. doi: 10.3389/fcimb.2021.634981, PMID: 34041041


	 He F, Li Y. The gut microbial composition in polycystic ovary syndrome with insulin resistance: findings from a normal-weight population. J Ovarian Res. (2021) 14:50. doi: 10.1186/s13048-021-00799-9, PMID: 33773586


	 Luque-Ramirez M, Escobar-Morreale HF. Adrenal hyperandrogenism and polycystic ovary syndrome. Curr Pharm Des. (2016) 22:5588–602. doi: 10.2174/1381612822666160720150625, PMID: 27510480


	 Insenser M, Murri M, Del Campo R, Martinez-Garcia MA, Fernandez-Duran E, Escobar-Morreale HF. Gut microbiota and the polycystic ovary syndrome: influence of sex, sex hormones, and obesity. J Clin Endocrinol Metab. (2018) 103:2552–62. doi: 10.1210/jc.2017-02799, PMID: 29897462


	 Chu W, Zhai J, Xu J, Li S, Li W, Chen ZJ, et al. Continuous light-induced PCOS-like changes in reproduction, metabolism, and gut microbiota in sprague-dawley rats. Front Microbiol. (2019) 10:3145. doi: 10.3389/fmicb.2019.03145, PMID: 32038578


	 Turnbaugh PJ, Ley RE, Mahowald MA, Magrini V, Mardis ER, Gordon JI. An obesity-associated gut microbiome with increased capacity for energy harvest. Nature. (2006) 444:1027–31. doi: 10.1038/nature05414, PMID: 17183312


	 Zheng Y, Yu J, Liang C, Li S, Wen X, Li Y. Characterization on gut microbiome of PCOS rats and its further design by shifts in high-fat diet and dihydrotestosterone induction in PCOS rats. Bioprocess Biosyst Eng. (2021) 44:953–64. doi: 10.1007/s00449-020-02320-w, PMID: 32157446


	 Thackray VG. Sex, microbes, and polycystic ovary syndrome. Trends Endocrinol Metab. (2019) 30:54–65. doi: 10.1016/j.tem.2018.11.001, PMID: 30503354


	 Barroso A, Santos-Marcos JA, Perdices-Lopez C, Vega-Rojas A, Sanchez-Garrido MA, Krylova Y. Neonatal exposure to androgens dynamically alters gut microbiota architecture. J Endocrinol. (2020) 247:69–85. doi: 10.1530/JOE-20-0277, PMID: 32755996


	 Zhang F, Ma T, Cui P, Tamadon A, He S, Huo C, et al. Diversity of the gut microbiota in dihydrotestosterone-induced PCOS rats and the pharmacologic effects of diane-35, probiotics, and berberine. Front Microbiol. (2019) 10:175. doi: 10.3389/fmicb.2019.00175, PMID: 30800111


	 Torres PJ, Ho BS, Arroyo P, Sau L, Chen A, Kelley ST, et al. Exposure to a healthy gut microbiome protects against reproductive and metabolic dysregulation in a PCOS mouse model. Endocrinology. (2019) 160:1193–204. doi: 10.1210/en.2019-00050, PMID: 30924862


	 Diamanti-Kandarakis E, Dunaif A. Insulin resistance and the polycystic ovary syndrome revisited: an update on mechanisms and implications. Endocr Rev. (2012) 33:981–1030. doi: 10.1210/er.2011-1034, PMID: 23065822


	 Pedersen HK, Gudmundsdottir V, Nielsen HB, Hyotylainen T, Nielsen T, Jensen BA, et al. Human gut microbes impact host serum metabolome and insulin sensitivity. Nature. (2016) 535:376–81. doi: 10.1038/nature18646, PMID: 27409811


	 Copps KD, White MF. Regulation of insulin sensitivity by serine/threonine phosphorylation of insulin receptor substrate proteins IRS1 and IRS2. Diabetologia. (2012) 55:2565–82. doi: 10.1007/s00125-012-2644-8, PMID: 22869320


	 Benson S, Janssen OE, Hahn S, Tan S, Dietz T, Mann K, et al. Obesity, depression, and chronic low-grade inflammation in women with polycystic ovary syndrome. Brain Behav Immun. (2008) 22:177–84. doi: 10.1016/j.bbi.2007.07.003, PMID: 17716857


	 Moulana M. Immunophenotypic profile of leukocytes in hyperandrogenemic female rat an animal model of polycystic ovary syndrome. Life Sci. (2019) 220:44–9. doi: 10.1016/j.lfs.2019.01.048, PMID: 30708097


	 Xue J, Li X, Liu P, Li K, Sha L, Yang X, et al. Inulin and metformin ameliorate polycystic ovary syndrome via anti-inflammation and modulating gut microbiota in mice. Endocr J. (2019) 66:859–70. doi: 10.1507/endocrj.EJ18-0567, PMID: 31270279


	 Olaniyi KS, Areloegbe SE, Oyeleke MB. Acetate restores hypothalamic-adipose kisspeptin status in a rat model of PCOS by suppression of NLRP3 immunoreactivity. Endocrine. (2022) 78:628–40. doi: 10.1007/s12020-022-03191-9, PMID: 36114434


	 Xiong RG, Zhou DD, Wu SX, Huang SY, Saimaiti A, Yang ZJ, et al. Health benefits and side effects of short-chain fatty acids. Foods. (2022) 11. doi: 10.3390/foods11182863, PMID: 36140990


	 Yang X, Wu R, Qi D, Fu L, Song T, Wang Y, et al. Profile of bile acid metabolomics in the follicular fluid of PCOS patients. Metabolites. (2021) 11. doi: 10.3390/metabo11120845, PMID: 34940603


	 Cani PD, Amar J, Iglesias MA, Poggi M, Knauf C, Bastelica D, et al. Metabolic endotoxemia initiates obesity and insulin resistance. Diabetes. (2007) 56:1761–72. doi: 10.2337/db06-1491, PMID: 17456850


	 Boutagy NE, McMillan RP, Frisard MI, Hulver MW. Metabolic endotoxemia with obesity: Is it real and is it relevant? Biochimie. (2016) 124:11–20. doi: 10.1016/j.biochi.2015.06.020, PMID: 26133659


	 Fang J, Zeng L, He Y, Liu X, Zhang T, Wang Q. Effects of dietary tannic acid on obesity and gut microbiota in C57BL/6J mice fed with high-fat diet. Foods. (2022) 11. doi: 10.3390/foods11213325, PMID: 36359937


	 Dahan T, Nassar S, Yajuk O, Steinberg E, Benny O, Abudi N, et al. Chronic intermittent hypoxia during sleep causes browning of interscapular adipose tissue accompanied by local insulin resistance in mice. Int J Mol Sci. (2022) 23. doi: 10.3390/ijms232415462, PMID: 36555109


	 Gasaly N, Hermoso MA, Gotteland M. Butyrate and the fine-tuning of colonic homeostasis: implication for inflammatory bowel diseases. Int J Mol Sci. (2021) 22. doi: 10.3390/ijms22063061, PMID: 33802759


	 Xie F, Anderson CL, Timme KR, Kurz SG, Fernando SC, Wood JR. Obesity-dependent increases in oocyte mRNAs are associated with increases in proinflammatory signaling and gut microbial abundance of lachnospiraceae in female mice. Endocrinology. (2016) 157:1630–43. doi: 10.1210/en.2015-1851, PMID: 26881311


	 Lin MJ, Chen HW, Liu PH, Cheng WJ, Kuo SL, Kao MC. The prescription patterns of traditional Chinese medicine for women with polycystic ovary syndrome in Taiwan: A nationwide population-based study. Med (Baltimore). (2019) 98:e15890. doi: 10.1097/MD.0000000000015890, PMID: 31192922


	 Li J, Zheng R, Lin Z, Hu F, Lin Y, Zeng G, et al. Impact of chinese herbal medicine on glucolipid metabolic outcomes in women with polycystic ovary syndrome: A systematic review and meta-analysis. Evid Based Complement Alternat Med. (2022) 2022:3245663. doi: 10.1155/2022/3245663, PMID: 36212945


	 Xu Y, Tang J, Guo Q, Xu Y, Yan K, Wu L, et al. Traditional Chinese Medicine formula FTZ protects against polycystic ovary syndrome through modulating adiponectin-mediated fat-ovary crosstalk in mice. J Ethnopharmacol. (2021) 268:113587. doi: 10.1016/j.jep.2020.113587, PMID: 33212180


	 Qiu Z, Dong J, Xue C, Li X, Liu K, Liu B, et al. Liuwei Dihuang Pills alleviate the polycystic ovary syndrome with improved insulin sensitivity through PI3K/Akt signaling pathway. J Ethnopharmacol. (2020) 250:111965. doi: 10.1016/j.jep.2019.111965, PMID: 31185267


	 Yi W, Li X, Chen K, Zhu M, Cai X, Pan A. Effects of Cangfu Daotan Decoction on obese polycystic ovary syndrome and its mechanism. Steroids. (2021) 165:108740. doi: 10.1016/j.steroids.2020.108740, PMID: 33137356


	 Wang Y, Xiao H, Liu Y, Tong Q, Yu Y, Qi B, et al. Effects of Bu Shen Hua Zhuo formula on the LPS/TLR4 pathway and gut microbiota in rats with letrozole-induced polycystic ovary syndrome. Front Endocrinol (Lausanne). (2022) 13:891297. doi: 10.3389/fendo.2022.891297, PMID: 36017323


	 Chang ZP, Deng GF, Shao YY, Xu D, Zhao YN, Sun YF, et al. Shaoyao-gancao decoction ameliorates the inflammation state in polycystic ovary syndrome rats via remodeling gut microbiota and suppressing the TLR4/NF-kappaB pathway. Front Pharmacol. (2021) 12:670054. doi: 10.3389/fphar.2021.670054, PMID: 34054541


	 Su YN, Wang MJ, Yang JP, Wu XL, Xia M, Bao MH, et al. Effects of Yulin Tong Bu formula on modulating gut microbiota and fecal metabolite interactions in mice with polycystic ovary syndrome. Front Endocrinol (Lausanne). (2023) 14:1122709. doi: 10.3389/fendo.2023.1122709, PMID: 36814581


	 Zhang N, Li C, Guo Y, Wu HC. Study on the intervention effect of qi gong wan prescription on patients with phlegm-dampness syndrome of polycystic ovary syndrome based on intestinal flora. Evid Based Complement Alternat Med. (2020) 2020:6389034. doi: 10.1155/2020/6389034, PMID: 33062017


	 Wang X, Xu T, Liu R, Wu G, Gu L, Zhang Y, et al. High-fiber diet or combined with acarbose alleviates heterogeneous phenotypes of polycystic ovary syndrome by regulating gut microbiota. Front Endocrinol (Lausanne). (2021) 12:806331. doi: 10.3389/fendo.2021.806331, PMID: 35185786


	 Zhang X, Yang Y, Zhang F, Yu J, Sun W, Wang R, et al. Traditional Chinese medicines differentially modulate the gut microbiota based on their nature (Yao-Xing). Phytomedicine. (2021) 85:153496. doi: 10.1016/j.phymed.2021.153496, PMID: 33714730


	 Ma JX, Ye M, Ma K, Zhou K, Zhang Y, Wang X, et al. Network pharmacology-based strategy for predicting active ingredients and potential targets of coptis chinensis franchin polycystic ovary syndrome. Evid Based Complement Alternat Med. (2021) 2021:6651307. doi: 10.1155/2021/6651307, PMID: 34457027


	 Hajimonfarednejad M, Nimrouzi M, Heydari M, Zarshenas MM, Raee MJ, Jahromi BN. Insulin resistance improvement by cinnamon powder in polycystic ovary syndrome: A randomized double-blind placebo controlled clinical trial. Phytother Res. (2018) 32:276–83. doi: 10.1002/ptr.5970, PMID: 29250843


	 Kort DH, Lobo RA. Preliminary evidence that cinnamon improves menstrual cyclicity in women with polycystic ovary syndrome: a randomized controlled trial. Am J Obstet Gynecol. (2014) 211:487 e481–486. doi: 10.1016/j.ajog.2014.05.009, PMID: 24813595


	 Wang Z, Zhai D, Zhang D, Bai L, Yao R, Yu J, et al. Quercetin decreases insulin resistance in a polycystic ovary syndrome rat model by improving inflammatory microenvironment. Reprod Sci. (2017) 24:682–90. doi: 10.1177/1933719116667218, PMID: 27634381


	 Heshmati J, Golab F, Morvaridzadeh M, Potter E, Akbari-Fakhrabadi M, Farsi F, et al. The effects of curcumin supplementation on oxidative stress, Sirtuin-1 and peroxisome proliferator activated receptor gamma coactivator 1alpha gene expression in polycystic ovarian syndrome (PCOS) patients: A randomized placebo-controlled clinical trial. Diabetes Metab Syndr. (2020) 14:77–82. doi: 10.1016/j.dsx.2020.01.002, PMID: 31991296


	 Sohaei S, Amani R, Tarrahi MJ, Ghasemi-Tehrani H. The effects of curcumin supplementation on glycemic status, lipid profile and hs-CRP levels in overweight/obese women with polycystic ovary syndrome: A randomized, double-blind, placebo-controlled clinical trial. Complement Ther Med. (2019) 47:102201. doi: 10.1016/j.ctim.2019.102201, PMID: 31780025


	 Jamilian M, Foroozanfard F, Kavossian E, Aghadavod E, Shafabakhsh R, Hoseini A. Effects of curcumin on body weight, glycemic control and serum lipids in women with polycystic ovary syndrome: A randomized, double-blind, placebo-controlled trial. Clin Nutr ESPEN. (2020) 36:128–33. doi: 10.1016/j.clnesp.2020.01.005, PMID: 32220355


	 Shen HR, Xu X, Ye D, Li XL. Berberine improves the symptoms of DHEA-induced PCOS rats by regulating gut microbiotas and metabolites. Gynecol Obstet Invest. (2021) 86:388–97. doi: 10.1159/000518040, PMID: 34515131


	 Li MF, Zhou XM, Li XL. The effect of berberine on polycystic ovary syndrome patients with insulin resistance (PCOS-IR): A meta-analysis and systematic review. Evid Based Complement Alternat Med. (2018) 2018:2532935. doi: 10.1155/2018/2532935, PMID: 30538756


	 Swaroop A, Jaipuriar AS, Gupta SK, Bagchi M, Kumar P, Preuss HG, et al. Efficacy of a novel fenugreek seed extract (Trigonella foenum-graecum, furocyst) in polycystic ovary syndrome (PCOS). Int J Med Sci. (2015) 12:825–31. doi: 10.7150/ijms.13024, PMID: 26516311


	 Amini L, Mojab F, Jahanfar S, Sepidarkish M, Raoofi Z, Maleki-Hajiagha A. Efficacy of Salvia officinalis extract on the prevention of insulin resistance in euglycemic patients with polycystic ovary syndrome: A double-blinded placebo-controlled clinical trial. Complement Ther Med. (2020) 48:102245. doi: 10.1016/j.ctim.2019.102245, PMID: 31987228


	 Jamilian M, Asemi Z. The effects of soy isoflavones on metabolic status of patients with polycystic ovary syndrome. J Clin Endocrinol Metab. (2016) 101:3386–94. doi: 10.1210/jc.2016-1762, PMID: 27490918


	 Jia LY, Feng JX, Li JL, Liu FY, Xie LZ, Luo SJ, et al. The complementary and alternative medicine for polycystic ovary syndrome: A review of clinical application and mechanism. Evid Based Complement Alternat Med. (2021) 2021:5555315. doi: 10.1155/2021/5555315, PMID: 33727939


	 Lee NR, Kim SB, Heo H, Lee YH. Comparison of the effects of manual acupuncture, laser acupuncture, and electromagnetic field stimulation at acupuncture point BL15 on heart rate variability. J Acupunct Meridian Stud. (2016) 9:257–63. doi: 10.1016/j.jams.2016.06.002, PMID: 27776764


	 Shan YC, Fang W, Wu JH. A system based on photoplethysmography and photobiomodulation for autonomic nervous system measurement and adjustment. Life (Basel). (2023) 13. doi: 10.3390/life13020564, PMID: 36836921


	 Guo S, Hu XY, Gao YL. Professor SHI Yin’s experience in treatment of obese polycystic ovary syndrome based on spleen and kidney functions. Zhongguo Zhen Jiu. (2021) 41:429–32. doi: 10.13703/j.0255-2930.20200225-0004, PMID: 33909366


	 Yang J, Chon TY, Bauer BA. Use of acupuncture in overweight/obese women with polycystic ovary syndrome. Med Acupunct. (2019) 31:267–8. doi: 10.1089/acu.2019.1375, PMID: 31624524


	 Cao Y, Chen H, Zhao D, Zhang L, Yu X, Zhou X, et al. The efficacy of Tung’s acupuncture for sex hormones in polycystic ovary syndrome: A randomized controlled trial. Complement Ther Med. (2019) 44:182–8. doi: 10.1016/j.ctim.2019.04.016, PMID: 31126554


	 Huang S, Hu M, Ng EHY, Stener-Victorin E, Zheng Y, Wen Q, et al. A multicenter randomized trial of personalized acupuncture, fixed acupuncture, letrozole, and placebo letrozole on live birth in infertile women with polycystic ovary syndrome. Trials. (2020) 21:239. doi: 10.1186/s13063-020-4154-1, PMID: 32131886


	 Xie ZY, Peng ZH, Yao B, Chen L, Mu YY, Cheng J, et al. The effects of acupuncture on pregnancy outcomes of in vitro fertilization: a systematic review and meta-analysis. BMC Complement Altern Med. (2019) 19:131. doi: 10.1186/s12906-019-2523-7, PMID: 31200701


	 Wang X, Xu HM, Wang QL, Zhu XY, Zeng YM, Huang L, et al. The timing and dose effect of acupuncture on pregnancy outcomes for infertile women undergoing in vitro fertilization and embryo transfer: A systematic review and meta-analysis. J Integr Complement Med. (2024) 30:1031–46. doi: 10.1089/jicm.2023.0478, PMID: 38808509


	 Ding L, Teng R, Zhu Y, Liu F, Wu L, Qin L, et al. Electroacupuncture treatment ameliorates metabolic disorders in obese ZDF rats by regulating liver energy metabolism and gut microbiota. Front Endocrinol (Lausanne). (2023) 14:1207574. doi: 10.3389/fendo.2023.1207574, PMID: 37441502


	 El-Shal AS, Zidan HE, Rashad NM, Abdelaziz AM, Harira MM. Association between genes encoding components of the Leutinizing hormone/Luteinizing hormone-choriogonadotrophin receptor pathway and polycystic ovary syndrome in Egyptian women. IUBMB Life. (2016) 68:23–36. doi: 10.1002/iub.1457, PMID: 26662070


	 Zhao Y, Zheng D, Cheng R, Xu X, Liu X, Lian F, et al. Dose-effect analysis of treatment by modified Zhibaidihuang decoction on polycystic ovary syndrome hyperandrogenism. J Tradit Chin Med. (2018) 38:280–6. doi: 10.1016/j.jtcm.2018.03.002, PMID: 32186067


	 Pan X, Liu Y, Liu L, Pang B, Sun Z, Guan S, et al. Bushen Jieyu Tiaochong Formula reduces apoptosis of granulosa cells via the PERK-ATF4-CHOP signaling pathway in a rat model of polycystic ovary syndrome with chronic stress. J Ethnopharmacol. (2022) 292:114923. doi: 10.1016/j.jep.2021.114923, PMID: 34923086


	 Shao YY, Chang ZP, Cheng Y, Wang XC, Zhang JP, Feng XJ, et al. Shaoyao-Gancao Decoction alleviated hyperandrogenism in a letrozole-induced rat model of polycystic ovary syndrome by inhibition of NF-kappaB activation. Biosci Rep. (2019) 39. doi: 10.1042/BSR20181877, PMID: 30573529


	 Liang R, Liu Z, Li P, Fan P, Xu L, Sun X, et al. Kuntai capsules improve glucolipid metabolism in patients with polycystic ovary syndrome: A randomized, double-blind, placebo-controlled trial. Med (Baltimore). (2019) 98:e16788. doi: 10.1097/MD.0000000000016788, PMID: 31574794


	 Haj-Husein I, Tukan S, Alkazaleh F. The effect of marjoram (Origanum majorana) tea on the hormonal profile of women with polycystic ovary syndrome: a randomised controlled pilot study. J Hum Nutr Diet. (2016) 29:105–11. doi: 10.1111/jhn.12290, PMID: 25662759


	 Wang C, Ding C, Hua Z, Chen C, Yu J. Cangfudaotan decoction alleviates insulin resistance and improves follicular development in rats with polycystic ovary syndrome via IGF-1-PI3K/akt-bax/bcl-2 pathway. Mediators Inflammation. (2020) 2020:8865647. doi: 10.1155/2020/8865647, PMID: 33299379


	 Liu S, Zhang Y, Yang F, Gu J, Zhang R, Kuang Y, et al. Modified Cangfu Daotan decoction ameliorates polycystic ovary syndrome with insulin resistance via NF-kappaB/LCN-2 signaling pathway in inflammatory microenvironment. Front Endocrinol (Lausanne). (2022) 13:975724. doi: 10.3389/fendo.2022.975724, PMID: 36440213


	 Deng Y, Xue W, Wang YF, Liu XH, Zhu SY, Ma X, et al. Insulin resistance in polycystic ovary syndrome improved by chinese medicine dingkun pill (): A randomized controlled clinical trial. Chin J Integr Med. (2019) 25:246–51. doi: 10.1007/s11655-018-2947-1, PMID: 31236888


	 Li H, Li Y, Zhang Y, Tong L, Sa Y, Sun W. Rubus chingii Hu relieved the polycystic ovary syndrome with enhanced insulin sensitivity through inhibiting TXNIP/NLRP3 inflammasome signaling. Gynecol Endocrinol. (2023) 39:2237116. doi: 10.1080/09513590.2023.2237116, PMID: 37489849


	 Xiang S, Xia MF, Song JY, Liu DQ, Lian F. Effect of electro-acupuncture on expression of IRS-1/PI3K/GLUT4 pathway in ovarian granulosa cells of infertile patients with polycystic ovary syndrome-insulin resistance of phlegm-dampness syndrome. Chin J Integr Med. (2021) 27:330–5. doi: 10.1007/s11655-020-3219-z, PMID: 32572779


	 Peng MF, Tian S, Song YG, Li CX, Miao MS, Ren Z, et al. Effects of total flavonoids from Eucommia ulmoides Oliv. leaves on polycystic ovary syndrome with insulin resistance model rats induced by letrozole combined with a high-fat diet. J Ethnopharmacol. (2021) 273:113947. doi: 10.1016/j.jep.2021.113947, PMID: 33617969


	 Sircana A, Framarin L, Leone N, Berrutti M, Castellino F, Parente R, et al. Altered gut microbiota in type 2 diabetes: just a coincidence? Curr Diabetes Rep. (2018) 18:98. doi: 10.1007/s11892-018-1057-6, PMID: 30215149


	 Zhu Y, Li Y, Liu M, Hu X, Zhu H. Guizhi fuling wan, chinese herbal medicine, ameliorates insulin sensitivity in PCOS model rats with insulin resistance via remodeling intestinal homeostasis. Front Endocrinol (Lausanne). (2020) 11:575. doi: 10.3389/fendo.2020.00575, PMID: 32973686


	 Lu C, Zhao X, Li Y, Li Y, Yuan C, Xu F, et al. Serum metabolomics study of Traditional Chinese medicine formula intervention to polycystic ovary syndrome. J Pharm BioMed Anal. (2016) 120:127–33. doi: 10.1016/j.jpba.2015.12.020, PMID: 26730509


	 Ye HM, Li ZY, Zhang P, Kang Z, Zhou DS. Exploring mechanism of electroacupuncture in modulating neuroinflammation based on intestinal flora and its metabolites. Chin J Integr Med. (2025) 31:183–92. doi: 10.1007/s11655-024-3766-9, PMID: 39039343


	 Wu T, Xu G, Hong X, Fan H, Zeng J, Liu Y, et al. Acupuncture for hormonal readiness and gut microbiota in obese polycystic ovary syndrome: an open-label, randomized controlled trial. Front Endocrinol (Lausanne). (2024) 15:1509152. doi: 10.3389/fendo.2024.1509152, PMID: 39749020


	 Lin Y, Zeng H, Lin J, Peng Y, Que X, Wang L, et al. Evaluating the therapeutic potential of moxibustion on polycystic ovary syndrome: a rat model study on gut microbiota and metabolite interaction. Front Cell Infect Microbiol. (2024) 14:1328741. doi: 10.3389/fcimb.2024.1328741, PMID: 38665877


	 Zhang F, Ma T, Tong X, Liu Y, Cui P, Xu X, et al. Electroacupuncture improves metabolic and ovarian function in a rat model of polycystic ovary syndrome by decreasing white adipose tissue, increasing brown adipose tissue, and modulating the gut microbiota. Acupunct Med. (2022) 40:347–59. doi: 10.1177/09645284211056663, PMID: 34892981


	 Teede H, Tassone EC, Piltonen T, Malhotra J, Mol BW, Pena A, et al. Effect of the combined oral contraceptive pill and/or metformin in the management of polycystic ovary syndrome: A systematic review with meta-analyses. Clin Endocrinol (Oxf). (2019) 91:479–89. doi: 10.1111/cen.14013, PMID: 31087796







Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2025 Jiang, Wang, Hua, Tang and Li.. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/cover.jpg
& frontiers | Frontiers in Endocrinology

Mechanisms of traditional Chinese medicine
regulating polycystic ovary syndrome
through gut microbiota: a review





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fendo-16-1610869-g002.jpg
2. Reduce insulin resistance

Formulas: CFDT, MCFDT, HYKT,
LWDH, DKP, JWQG, YLTB, GZFL,
BXXX, BSHZ

Extracts: Salvia officinalis, Rubus
chingii Hu, Cinnamon, Origanum
majorana, flavonoids, Berberine

Acupuncture

is14  INsrY  Rs-14
cLut4?  1GF-1 4

PI3K/Akt 4

TCM

-

€.
4 %\
Al(,e;edigi?:robita

1. Regulate hormone metabolism

Formulas: ZBDH, BSIYTC, SYGC,
CFDT, LWDH, HYKT

Extracts: Curcumin, Furocyst, Cinnamon,
Origanum majorana

Acupuncture
tr4  Fr4 184  TCHO4
LDL-c 4

E2y FSHY HDL-cy

3. Inhibit inflammatory responses

Formulas: GZFL, BSHT, CFDT, BSHZ,
YLTB, SYGC

Extracts: Rubus chingii Hu, Quercetin
IL1py IL6y I8y
IL-18y TNFay  LPS |
TLR4 § NFxBY  NLRP3 |

CRP §





OEBPS/Images/fendo-16-1610869-g001.jpg
LPS-activated
inflammation

e

Insulin
sens1t1v1ty

a, p d*'\;\grsitw

Androgen T
production






