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Polycystic ovary syndrome (PCOS) is a common endocrine disease with reproductive
dysfunction and metabolic disorder in women of childbearing age. Gastrointestinal
microbiome contributes to PCOS through mediating insulin resistance. Guizhi Fuling
Wan, Chinese herbal medicine, can treat PCOS with insulin resistance (PCOS-IR), but
the underlying mechanism is not clear. The aim of this study was to characterize the
exact mechanism of Guizhi Fuling Wan action and whether it is related to the regulation
of intestinal flora structure. We induced PCOS-IR rat model by means of letrozole
sodium carboxymethyl cellulose (CMC-na) solution combined with high-fat emulsion
administration and randomly divided it into blank control group (K), model control group
(M), low dose of Guizhi Fuling Wan group (D), middle dose of Guizhi Fuling Wan group
(2), high dose of Guizhi Fuling Wan group (G) and positive drug (Metformin) control
group (Y). After 36 days of modeling and treatment, serum and stool samples from
all rats were collected for a follow-up analysis. The data display that, compared with
K group, elevated testosterone and HOMA-IR, turbulent estrous cycles and polycystic
ovaries in M group, indicating the PCOS-IR rat model is successfully established.
Increased fasting insulin is associated with higher inflammation(plasma TNF-a, IL-6,
and HS-CPR concentration were determined) in M group, and the altered intestinal
flora (compared with the K group, in M group the relative abundance of Alloprevotella
was decreased significantly, while the relative abundance of Lachnospiraceae UCG-008,
Lachnospiraceae NK4A 136, Lactobacillus, Ruminiclostridium 9, and Ruminococcaceae
UCG-003 was increased significantly) induced the secretion of inflammatory markers. On
the other hand, Guizhi Fuling Wan can alleviate inflammation, improve insulin resistence:
Lower inflammation decreased fasting insulin can be seen in G group compared with
M group, this effect is related to the regulating effect of Guizhi Fuling Wan on intestinal
flora (in G group, the relative abundance of Alloprevotella, Ruminococcaceae UCG-003,
and Lachnospiraceae UCG-008 was increased significantly, compared with M group).
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TABLE 3 | The relative abundance of the three main types of bacteria in low, medium, and high dose of Guizhi Fuling Wan group, model group and positive drug group.

Classfication M D z G Y
Firmicutes Phylum 0.4578 £+ 0.0168 0.4467 £ 0.0117 0.4692 + 0.0216 0.6082 + 0.0168* 0.5411 £ 0.0097*
Bacteroidetes Phylum 0.4918 £ 0.0195 0.4362 + 0.0079 0.5071 £ 0.0227 0.3522 + 0.0204* 0.4224 + 0.0071*
Proteobacteria Phylum 0.0300 + 0.0033 0.0254 + 0.0098 0.0119 £ 0.0017* 0.0177 + 0.0019* 0.0202 + 0.0024*

Compared with model group P < 0.01.

blank control group (K), model control group (M), low dose of Guizhi Fuling Wan group (D), middle dose of Guizhi Fuling Wan group (2), high dose of Guizhi Fuling Wan group (G) and

positive drug (Metformin) control group (Y).

FIGURE 4 | Barplot of relative abundance at phylum level (A) and Genus level (B).

on the relative abundance of the three bacteria was not
significant (Table 5).

DISCUSSION

Polycystic ovary syndrome (PCOS) is a complex multi-
organ disorder associated with metabolic disorder as well
as inflammation, seriously affecting the physical, and
mental health of affected women. The gut is the largest
microecological environment in the human body and the
gut microbiota is regarded as an endocrine organ including
the maintenance of energy homeostasis and host immunity,
the imbalance of gut microbiota has a decisive influence on
human health including metabolism and immunity of the
body (31).

The increasing knowledge of the role of microbiota in PCOS
has provided new perspectives and methods to understand

and treat PCOS (32, 33). Yanjie et al. found excess androgen
production in PCOS rat model is related with dysbiosis of
gut microbiota (16). Besides being related to the changes of
serum hormone of PCOS, gut microbiota is also associated
with occurrence of insulin resistance. As mentioned earlier,
Bickhed et al. had proved the correlation between gut microbiota
and insulin resistance via fecal microbiota transplantation
(FMT) (17). This study was later extended to humans,
Kootte found at 6 weeks after lean donor (allogenic) fecal
microbiota transplantation, insulin sensitivity of recipients
with the metabolic syndrome was significantly improved,
accompanied by altered microbiota composition. While no
change can be observed in metabolism of recipients at 18
weeks after own (autologous) FMT (34). Collectively, these
studies demonstrated the regulation of gut microbiota on
insulin sensitivity. Reduced insulin sensitivity can lead to insulin
resistance and compensatory hyperinsulinemia. Emerging as
an important contributor to PCOS, on the one hand, IR
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TABLE 4 | Relative abundance of intestinal flora of rats in model group and blank group.

Classification M K Tendency
Firmicutes Phylum 0.4578 £+ 0.0168* 0.2995 + 0.0283 0
Bacteroidetes Phylum 0.4918 £ 0.0195 0.6551 + 0.0293 J
Proteobacteria Phylum 0.0300 + 0.00383 0.0229 + 0.0015 4
Lachnospiraceae NK4A136 group Genus 0.1013 £ 0.0085* 0.0742 £ 0.0111 4
Prevotellaceae UCG-003 Genus 0.0465 + 0.0056 0.0614 + 0.0052 )
Bacteroides Genus 0.0610 + 0.0058 0.2136 + 0.0461 N
Ruminiclostridium 9 Genus 0.0287 + 0.0013* 0.0216 + 0.0036 1
Alloprevotella Genus 0.0112 £ 0.0011* 0.1383 + 0.0068 |
Lachnospiraceae UCG-008 Genus 0.0489 + 0.0042* 0.0124 + 0.0021 4
Prevotella 9 Genus 0.0175 £ 0.0025 0.0226 + 0.0047 N
Helicobacter Genus 0.0077 £ 0.0014 0.0053 + 0.0011 0
Lactobacillus Genus 0.0216 £ 0.0020* 0.0121 £ 0.0010 4
Prevotellaceae UCG-001 Genus 0.0143 £ 0.0026 0.0335 + 0.0030 N
Ruminococcaceae UCG-003 Genus 0.0187 + 0.0021* 0.0042 + 0.0010 4
Bifidobacterium Genus 0.0012 £ 0.0004 0.0006 + 0.0002 4
Enterobacteriaceae Family 0.0014 + 0.0005 0.0031 + 0.0010 N

Compared with the blank control group *P < 0.01.

Blank control group (K), model control group (M), low dose of Guizhi Fuling Wan group (D), middle dose of Guizhi Fuling Wan group (Z), high dose of Guizhi Fuling Wan group (G), and

positive drug (Metformin) control group (Y).

can promote the luteinizing hormone (LH) and androgen
secretion, reduce the content of serum sex hormone binding
protein and aggravate hyperandrogenemia and endocrine
disorder, on the other hand, it also can directly induce
abnormal follicular development and atresia, causing polycystic
ovarian morphology (35, 36). Inflammation is an established
factor in the etiopathogenesis of insulin resistance. Groot
had mentioned that studies in the early twentieth century
with the results that large doses of salicylate can reduce
glycosuria in patients, provided early clues that insulin resistance
secondary to inflammation (37). Escobar summarize from
the literatures that the chronic low-grade inflammation of
PCOS woman is a key contributor to IR in PCOS (8).
What's more, the mechanism of gut microbiota mediating
insulin resistance lies in gut microbial-derived inflammatory
responses (38).

Regarding PCOS, there is no record in ancient books of
traditional Chinese medicine (TCM), but since the 1980s, the
research on traditional Chinese medicine and PCOS has emerged
(39). Guizhi Fuling Wan, a traditional Chinese formula with
good effects of anti-inflammatory as well as improving IR,
is widely used to treat PCOS in China, but whether these
effects of Guizhi Fuling Wan are related to regulating gut
flora is unclear. In this study, we chose letrozole, a non-
steroidal aromatase inhibitor, combined with high-fat emulsion
to induce PCOS rat model for investigating the association
of Guizhi Fuling Wan alleviating inflammation and improving
IR with gut microbiome. Firstly, the results of elevated
plasma testosterone and INS, disturbed estrous cycle and
polycystic change of ovarian tissue in M group were consistent
with the typical characteristics of PCOS-IR, indicating that
modeling successfully.

In the letrozole-induced PCOS model rats, Kelley et al. (40)
found that the relative abundance of Firmicutes, Lachnospiraceae,
and Ruminococcaceae is increased, while the relative abundance
of Bacteroidetes is decreased. Our results are basically consistent
with those results mentioned above: compared with K group, the
relative abundance of Alloprevotella was decreased significantly,
while the relative abundance of Lachnospiraceae UCG-008,
Lachnospiraceae NK4A136, Lactobacillus, Ruminiclostridium 9,
and Ruminococcaceae UCG-003 was increased significantly.
Besides altered gut microbiome, the concentrations of plasma
INS, IL-6, HS-CRP, and TNF-a are increased in M group. In
order to further analyze the gut microbiome mediated insulin
resistance by inducing inflammation, we also analyzed the
correlation between inflammatory factors and gut microbiome,
as well as the correlation between inflammatory factors
and fasting insulin. Alloprevotella is short-chain fatty acids
(SCFAs)-producing bacteria (41). The SCFAs are the end
products of dietary fiber fermented by the gut microbiota,
having strong anti-inflammatory effects (42). Therefore, the
Alloprevotella has the same effect on anti-inflammation with
SCFAs, and our results confirm this conclusion. Our results
presented that there was a negative correlation between
Alloprevotella and inflammatory markers (IL-6, HS-CRP), which
indicates that the concentrations of plasma IL-6, HS-CRP will
decrease with the increase of the number of Alloprevotella.
On the contrary, a positive correlation can be found in
Ruminococcaceae UCG-003 and inflammatory markers (IL-
6, HS-CRP), as well as in Lachnospiraceae UCG-008 and
inflammatory markers (IL-6, HS-CRP, TNF-a), suggesting
that reducing the number of Ruminococcaceae UCG-003 and
Lachnospiraceae UCG-008 has certain benefits for the control
of inflammation. However, previous literatures reported that
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FIGURE 5 | Correlation analysis between Alloprevotella and inflammatory markers (HS-CRP, IL-6) (A,B). Correlation analysis between Ruminococcaceae UCG-003
and inflammatory markers (HS-CRP, IL-6) (C,D). Correlation analysis between Lachnospiraceae UCG-008 and inflammatory markers (IL-6, HS-CRP, TNF-a) (E=G).
The “r” refers to the Spearman correlation coefficient, and the P < 0.05 indicate differences are significant.

TABLE 5 | The relative abundance of selected bacterial in low, medium and high dose of Guizhi Fuling Wan group, model group, and positive drug group.

Classification M D z G Y
Lachnospiraceae UCG-008 Genus 0.0489 + 0.0042 0.0232 + 0.0048% 0.0154 + 0.0016* 0.0229 + 0.0018% 0.0294 + 0.0018
Ruminococcaceae UCG-003 Genus 0.0187 £ 0.0021 0.01038 £ 0.0011 0.0116 £ 0.0015 0.0090 + 0.0012* 0.0214 £ 0.0015
Alloprevotella Genus 0.0112 £ 0.0011 0.0146 + 0.0015 0.0189 + 0.0023 0.0266 + 0.0031* 0.0079 + 0.0016

Compared with model group *P < 0.01, P < 0.05.
Blank control group (K), model control group (M), low dose of Guizhi Fuling Wan group (D), middle dose of Guizhi Fuling Wan group (Z), high dose of Guizhi Fuling Wan group (G), and
positive drug (Metformin) control group (Y).

Lachnospiraceae and Ruminococcaceae attenuates inflammation,  and Ruminococcaceae on anti-inflammatory may be species
the anti-inflammatory effect of Ruminococcaceae is dependenton  and strain specific. In addition, the serum fasting insulin
secondary bile acids which can be produced by Ruminococcaceae ~ concentration increased with the increase of il-6 and HS-CRP,
(43, 44), the reason probably lies in the effect of Lachnospiraceae  indicating that Ruminococcaceae UCG-003 and Lachnospiraceae
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UCG-008 may have a positive relationship with serum fasting
insulin concentration, and the Alloprevotella may have a
negative relationship with serum fasting insulin concentration.
Based on our results, Guizhi Fuliing Wan can increase the
relative abundance of Alloprevotella, decrease the relative
abundance of Ruminococcaceae UCG-003 and Lachnospiraceae
UCG-008. Simultaneously, Guizhi Fuliing Wan can also inhibit
the release of inflammatory factors and improve insulin
sensitivity. Considering of the correlation between the three
kinds of bacteria and inflammatory factors, and the correlation
between inflammatory factors and fasting INS, thus we
have a reason to believe Guizhi Fuliing Wan is capable to
regulate gut microbiome positively to reduce the release of
inflammatory factors and achieves the goal of improving insulin
resistance ultimately.

In conclusion, we found Guizhi Fuling Wan can regulate
the structure of gut microbiome, and this regulatory effect of
Guizhi Fuling Wan is the basis of alleviating inflammation and
improving insulin resistance. Our study provides a basis for
promoting the treatment of PCOS with Guizhi Fuling Wan
and lays a solid foundation for the treatment of PCOS with
TCM. Recently, Qi et al. (45) found that bile acid, a metabolic
product of intestinal bacteria, is involved in improving PCOS-
IR. Our present results showed that Guizhi Fuling Wan could
reshape the intestinal flora. Whether Guizhi Fuling Wan can
interfere with the generation of bile acids through regulating
intestinal flora remain unclear. If possible, whether interfering
with bile acid metabolism is another way of Guizhi Fuling Wan
to improve insulin resistance, which needs further experiments
to verify.
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