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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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This research demonstrates Guizhi Fuling Wan improve insulin resistance in polycystic
ovary syndrome with the underlying mechanism of regulating intestinal flora to control
inflammation. It would be useful to promote the therapeutic effect of Guizhi Fuling Wan

on PCOS-IR.

Keywords: polycystic ovary syndrome, Guizhi Fuling Wan, gastrointestinal microbiome, insulin resistance,

homeostasis

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a common reproductive
endocrine disorders in women of childbearing age, and it is also
the leading cause of anovulatory infertility (1). Its etiology is
complex and multiple factors contribute to the development of
polycystic ovary syndrome. The prevalence of PCOS in women
of reproductive age ranges from 6 to 20% around the world
(2), and the incidence rate is 5.6% in China (3). Clinical and/or
biochemical hyperandrogenemia (HA), oligo-anovulation (OA),
and polycystic ovarian morphology (PCOM) are three main
characteristics of PCOS, the diagnosis of PCOS, according to the
Rotterdam Consensus criteria (2003), requires two of the above
(4). In addition to reproductive dysfunction, PCOS patients often
have metabolic disturbances characterized by insulin resistance
(IR) and display an inflammatory state, with an increased risk
of developing type 2 diabetes (T2D), dyslipidemia, hypertension,
and cardiovascular disease (5-9). Besides, PCOS-related insulin
resistance and chronic inflammation is independent of obesity
(10, 11). Insulin resistance affecting about 44-70% of PCOS
patients (12), is believed to be a key factor in the development
of PCOS, closely related to chronic inflammation (1, 13, 14).

The gut is the body’s largest organ for digestion and
detoxification where hundreds of millions of bacteria inhabit.
Abnormal gut microflora is closely related to the occurrence of
diseases. Pedro and Bryan performed a cohousing study using a
letrozole-induced PCOS mouse model, the results suggest that
dysbiosis of the gut microbiome may contribute to PCOS (1).
In human studies, scholars found the structure of intestinal
flora in PCOS patients is significantly different from that in
normal women and a subtle link can be seen between the
metabolic abnormality of polycystic ovary syndrome and the
gut microbiome changes (1, 15, 16). In 2004 Béckhed et al. had
confirmed that gut microbiota is associated with the onset of
insulin resistance (17). The change of gut microbiota can directly
and indirectly affect immune cells in the gut to mediate insulin
resistance, the indirect effects are achieved via gut microbial
products (LPS, metabolites, and SCFAs) which are closely related
to inflammation (18). So the above studies suggest that gut
microbiota contributes insulin resistance with the underlying
mechanism of the inflammation induced by gut microbiota.

In China, Traditional Chinese medicine is still one of the
main methods to treat PCOS. Originated from the Synopsis of
the golden chamber - treatment of pregnancy diseases written
by Zhang Zhongjing, Guizhi Fuling Wan, a traditional Chinese
Medicine formula composed of Gui Zhi, Fu Ling, Tao Ren, Bai
Shao, Dan Pi, has been widely used to treat multiple gynecological
diseases (19). According to the basic theory of traditional Chinese

medicine, it can activate blood, resolve blood stasis, and dissipate
phlegm. Based on modern medical researches, Guizhi Fuling
Wan has an excellent anti-inflammatory effect and the ability
to improve insulin resistance, usually used to treat chronic
pelvic inflammatory disease and polycystic ovary syndrome (20—
23). Gui Zhi, Fu Ling, Tao Ren, Bai Shao, the compositions
of Guizhi Fuling Wan, are frequently used to treat PCOS,
Besides, Bai Shao contains paeoniflorin which is an effective
compound in the treatment of PCOS (24), and the efficacy of
paeoniflorin in improving insulin resistance has been proved
in both mammals and vitro experiments (25, 26). Researchers
also found paeoniflorin plays an active role in the regulation of
beneficial bacteria in intestinal flora. We speculate that Guizhi
Fuling Wan containing Bai Shao could also regulate intestinal
flora and its efficacy in improving PCOS-IR and PCOS related
inflammation is achieved by affecting gut microbiota. In this
study, we choose letrozole combined with high fat diet to induce
a PCOS-IR rat model (27, 28) to investigate the assumptions we
mentioned above.

MATERIALS AND METHODS

Animals and Animal Husbandry

Six-week-old specific-pathogen free (SPF) level female Sprague-
Dawley (SD) rats [Laboratory animal license number: SCXK
(chuan) 2015-030] with-body mass of 180-200 g were provided
by Chengdu Dossy Experimental Animals Co., Ltd. All
animals raised in SPF laboratory of experimental animal
center of Chengdu University of TCM and the whole animal
experiment operating process in accordance with the Animal
Care Committee of Chengdu University of TCM, China
(SYXK2018-0126). In this experiment, 72 rats were randomly
divided into six groups of 12 rats each, including 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). The blank control group rats
received a gavage of normal saline once a day (10 ml/kg). Rats
in the other groups were given a gavage of letrozole (Jiangsu
Hengrui pharmaceutical Co., Ltd., China) at a concentration of
1 mg/kg dissolved in aqueous solution of carboxymethylcellulose
(CMC [10 g/L]) and high-fat emulsion (76.9% lard and 23.1%
cholesterol) at concentrations of 15 ml/kg once a day. At the
same time, rats in D, Z, G groups were administered with Guizhi
Fuling Wan (Chengdu Jiuzhitang Jinding Pharmaceutical Co.,
Ltd., China) at concentrations of 0.31, 0.62, and 1.24 g/kg by
gavage, respectively, once a day, Y group rats was performed
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metformin (Sino-American Shanghai Squibb pharmaceutical
Co., Ltd., China) by gavage once a day at a concentration of 270
mg/kg. The entire modeling and administration process lasted
successive 35. From the 6 day on, vaginal smears were collected
daily. On 35 day all rats fasted at 8 p.m. On 36 day, all rat fecal
samples were collected and stored in a stool box (—800°C) for
16S rDNA amplicon sequencing. Then all rats were sacrificed by
cervical dislocation. All blood samples and ovarian tissue samples
were collected for following analysis.

Vaginal Smear and Ovarian Morphological

Observation

From the 6 day on, vaginal smears were collected daily and
the determination of estrous cycle was evaluated microscopically
with hematoxylin-eosin (HE) staining. On the 36 day, ovaries
were obtained, weighed, fixed in 10% paraformaldehyde for
48N, and then embedded in paraffin, sectioned at 5 um, stained
with hematoxylin and eosin and analyzed using an Olympus
DP73 microscope.

Biochemical Assays

All rats’ fasting plasma glucose (FPG) was measured by bayer
blood glucose meter 1455 (Bayer HealthCare LLC). Serum INS,
and testosterone (T) was determined by radioimmunoassay
(RIA) using RIA kits (Mibio, Shanghai, China). According
to calculation formula: HOMA — IR = %, we used
FPG and FINS to calculate Homeostasis model assessment of
insulin resistance index (HOMA-IR) which is used to evaluate
insulin sensitivity and to observe the efficacy of Guizhi Fuling
Wan in improving insulin resistance. Plasma TNF-a were
determined using enzyme-linked immunosorbent assay (ELISA)
kit (Elabscience Biotechnology, Wuhan, China), plasma TNF-
A, IL-6, and HS-CRP were determined using enzyme-linked
immunosorbent assay (ELISA) kits [MultiSciences (LiankeBio),
Hangzhou, China].

16S rRNA Gene Sequencing and 16S rRNA

Gene Sequence Analysis

Genomic DNA from rat feces samples was extracted using
a specific DNA extraction kit, and then the DNA was
detected by 0.8% agarose gel electrophoresis. With the
diluted genomic DNA as the template, The 16S rRNA
V4 region of the sample was amplified by PCR using
515F (5-GTGYCAGCMGCCGCGGTAA-3) and 806R (5'-
GGACTACHVGGGTWTCTAAT-3") (29, 30), three PCR
technique repeats were performed for each sample. The resulting
amplicons were recovered, purified with the QIA quick Gel
Extraction Kit (QIAGEN) and quantitated with the qubit@2.0
Fluorometer (Thermo Scientific). Illumina TruSeq DNA PCR-
Free Sample Prep Kit (FC-121-3001/3003) was used for libraries
construction and PE250 sequencing was performed using
Mlumina Hiseq Rapid SBS Kit V2 (FC-402-4023 500 Cycle).
According to the overlap relationship between PE reads, the
double-ended sequence is spliced into a sequence using FLASHS,
that is, Raw Tag. In order to obtain high-quality sequences,
it is necessary to carry out quality control on the sequences,

and the sequences obtained after quality control are called
Clean Tag. UCHIMEDY algorithm was used to remove chimerism
and Effective Tag was obtained. The following bioinformatics
operation is completed using Usearch (version 7.1) and QIIME.
In order to facilitate the study of the species composition and
diversity information of samples, the taxon in the clustering
generation operation of sequences, namely OUT (Operational
Taxonomic Units), is needed. OTU cluster analysis is usually
performed at a similar level of 97%. Each OTU represents a set of
similar sequences, and the OTU abundance table can be obtained
through the OTU cluster analysis, which is the basic file for
subsequent analysis. To obtain the corresponding classification
information of each OTU, UCLUST taxonomy, and SILVA
database (Rlease_123) were used to annotate the classification
of the representative sequences of OUT. The richness, evenness,
and diversity of the microbial community can be reflected
by calculating the alpha-diversity index (Simpson index) of
the samples.

Statistical Method

Statistical analysis was performed using IBM SPSS25.0 software.
Data were expressed as Mean =+ sem. Normality test was
performed by Shapiro-Wilk test and homogeneity of variance test
was performed by Levene test. One-way ANOVA with LSD’s post-
hoc test was used to determine the significance of the data which
is satisfied the normal distribution and the equal variance among
groups. If the data is satisfied non-normal distribution and/or
unequal variance, Kruskal-Wallis non-parametric tests were used
to determine the significance of the data. Because the data is
not binormal, Spearman correlation analysis is used to assess the
correlation between the data. P < 0.05 means the difference is
statistically significant.

RESULTS

Letrozole and High-Fat Emulsion
Administration Resulted in Typical
Endocrine and Ovarian Morphology and

Function Changes of PCOS

Letrozole and High-Fat Emulsion Administration
Resulted in Elevated Serum Testosterone Levels

The serum testosterone concentrations was significantly higher
in M group rats than those in K group rats. After administration
of Guizhi Fuling Wan, the concentration of plasma testosterone
is decreased, but without significant difference. Metformin can
significantly inhibit testosterone secretion (Figure 1A).

Letrozole and High-Fat Emulsion Administration
Resulted in Disturbed Polycystic Ovarian Morphology
and Estrou Cycle
The ovaries of the K group showed normal morphology
(Figure 1B). Rats in M group appeared increased vesicular
follicles, atretic follicles, and thin granular cell layer (Figure 1C).
As the results showed, the estrous cycle of rats in the blank
control group showed regular periodic changes, while the estrus
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FIGURE 1 | Results of ovarian tissues morphology changes and the plasma concentration of testosterone. The plasma concentration of testosterone in model control
group (M), low dose of Guizhi Fuling Wan (L), middle dose of Guizhi Fuling Wan (2), high dose of Guizhi Fuling Wan (G). Different superscript letters indicate significant
differences (P < 0.05) in data according to Kruskal-Wallis statistical analysis (A). The ovarian tissue morphology of blank control group (K) (B), the ovarian tissue of

cycle of rats in the model group was disordered and basically
maintained in the diestrus. The vaginal smear in the model
group showed a large number of spot-shaped white blood cells
and a few patchy keratinocytes (Figure 2C). Guizhi Fuling Wan
could improve the estrous cycle of rats, and its effect was
similar to that of metformin: the estrus cycle of rats in the low,
middle, high dose of Guizhi Fuling Wan groups and the positive
drug group basically recovered and showed periodic changes
(Figures 2A,B,D)

Guizhi Fuling Wan Treatment Could

Ameliorate IR

Compared with the K group, plasma fasting blood glucose,
fasting insulin level, and the insulin resistance index
were significantly increased in the M group (P < 0.01).
Compared with the M group, the plasma fasting blood glucose,
fasting insulin level and insulin resistance index of D, Z,
G, Y groups rats were significantly decreased (P < 0.01;
Table 1).

Guizhi Fuling Wan Treatment Reduce the
Plasma Concentration of Inflammatory

Markers to Control Inflammation

In order to better link the changes in intestinal flora of PCOS
model rats with insulin resistance, we measured the serum
concentration of HS-CPR, IL-6, and TNF-a. And statistics
indicate that a significant increase in plasma concentration of
HS-CPR, IL-6, TNF-a was found in M group, compared with
K group (Figures 3A-C). Although it did not completely inhibit
inflammation, Guizhi Fuling Wan can reduced the release of HS-
CPR, IL-6 and TNF-a to alleviate the systemic inflammatory state
(Figures 3A-C).

In addition, we further analyzed the correlation between
inflammatory cytokines and fasting insulin. The results showed
that the serum fasting insulin concentration increased with the
increase of il-6 and HS-CRP (Figures 3D,E).

Alpha Diversity Analysis of Intestinal Flora
Simpson: one of the indices used to estimate microbial alpha
diversity, taking into account the abundance and evenness of
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FIGURE 2 | Results of vaginal smear. (A) Proestrus. (B) Estrus. (C) Diestrus. (D) Metestrus.

TABLE 1 | Fasting blood glucose and insulin levels of rats in each group.

Group FPG (mmol/L) FINS (mU/L) HOMA-IR

K 4.34 4+ 0.21 25.70 &+ 5.60 5.08 +1.14

M 6.94 +0.412 46.95 + 7.934 14.81 4+ 2.56%
D 6.25 + 0.39* 32.71 £ 6.18* 9.21 +1.80*
Z 5.61 + 0.64* 32.24 + 6.33* 8.37 + 1.61*
G 5.31 + 0.22* 31.81 + 4.09* 7.50 £ 0.94*
Y 5.51 £ 0.34* 31.93 + 6.80* 8.16 + 1.88*

AP < 0.01 data are significantly different vs. blank control group (K).

*P < 0.01 data are significantly different vs. model control group (M).

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).

species. Here the result is 1-D (D is Simpson’s Index), and
the higher 1-D, the higher o diversity of gut microflora. There
was no significant difference in 1-D between the model group
and the blank control group (P > 0.05). Compared with the
model group, the 1-D of D and Z group was significantly lower
than that in the model group (P < 0.01, P < 0.05; Table 2),
however, there was no significant difference in 1-D of G and Y
group (Table 2).

As Firmicutes, Bacteroidetes, and Proteobacteria are the three
main types of bacteria with the highest relative abundance in
intestinal flora, the changes in the number of these three bacteria
will have a certain impact on the structure and function of
intestinal microecology. Compared with M group, there was a

decrease can be seen in the number of Firmicutes, Bacteroidetes,
and Proteobacteria in D group (without a significant difference)
(Table 3). The number of Firmicutes and Bacteroidetes in Z
group had a slight elevation (Table 3), but the relative abundance
of Proteobacteria was significantly decrease, compared with
M group. So in general, the relative abundance of the three
bacteria in D and Z group had decreased, which leading
to a decrease in intestinal diversity. In G group, compared
with M group, the number of Firmicutes was significantly
increased, while the Bacteroidetes was significantly decreased.
A rise and fall can be seen in G group, so the diversity
of intestinal flora had no difference between G and M
group. We can speculate from the results that the higher
the dose of Guizhi Fuling Wan, the higher the a-diversity of
intestinal flora.

Intestinal Flora Abundance Analysis
Changes of Intestinal Flora in PCOS-IR Model Rats
Both M group and K group were mainly composed of
Bacteroidetes, Firmicutes, and Proteobacteria. In the M
group, Bacteroidetes accounted for 49.18%, Firmicutes for
45.78% and Proteobacteria for 3%. At the phylum classification
level, compared with K group, the relative abundance of
Bacteroidetes was decreased with no significant difference
(Figure 4A, Table 4), and the relative abundance of Firmicutes
and Proteobacteria were increased with no significant
difference (Figure 4A, Table4), it is worth mentioning that
the P-value between the number of Firmicutes in M group
and K group is just equal to 0.05, which is statistically
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FIGURE 3 | Plasma concentration of HS-CPR (A), IL-6 (B), and TNF-a (C) in model control group (M), low dose of Guizhi Fuling Wans (L), middle dose of Guizhi
Fuling Wans (2), high dose of Guizhi Fuling Wans (G). Different superscript letters indicate significant differences (P < 0.05) in data according to Kruskal-Wallis and the
post-hoc ANOVA statistical analysis. Correlation analysis between inflammatory cytokines and fasting insulin: A positive correlation can be seen between inflammatory
cytokines (IL-6, HS-CRP) and INS (D,E). The “r” refers to the Spearman correlation coefficient, and the P < 0.05 indicate differences are significant.

(o]
160
140 ab ab
b oy
by 120 I -
5) - (&
S 100
c & 80
< 60
E 40
20
0
G Y K M D Z G Y K
E
70 1=0.418
60 o P=0.002
~ 50
S 40
)
& 30
= 20
10
0
0 15

5 10
HS-CRP(ng/ml)

TABLE 2 | Simpson index of intestinal flora of rats in each group.

Group Case number 1-D

M 1 0.9867 + 0.0007

D 10 0.9533 + 0.0058**
z 9 0.9630 + 0.0023*
G 10 0.9862 + 0.001

Y 9 0.9877 + 0.000544
K 11 0.9647 + 0.0029

AAP < 0.01 data are significantly different vs. K group.

*P < 0.05, **P < 0.01 data are significantly different vs. M group.

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).

significant in theory but not in practice. Therefore, we
believe that there is no significant difference in the number
of Firmicutes between group M and group K. At the genus
classification level, compared with the K group, the relative
abundance of Alloprevotella was decreased significantly (P
< 0.01; Figure 4B, Table4). While the relative abundance
of Lachnospiraceae UCG-008, Lachnospiraceae NK4A136,
Lactobacillus, Ruminiclostridium 9, and Ruminococcaceae UCG-
003 was increased significantly (P < 0.01; Figure 4B, Table 4).
The remaining bacteria had no significant difference between the
K and M group (Table 4).

Gut Flora Is Related With Inflammation

Alloprevotella, ~Lachnospiraceae  UCG-008, Lachnospiraceae
NK4A136,  Lactobacillus,  Ruminiclostridium 9,  and
Ruminococcaceae UCG-003 were choose for further analysis on
the basic of results that the abundance of these five intestinal
bacteria showed a significant difference between group M
and group K. Results indicate the plasma concentration of
IL-6,HS-CRP, TNF-a was associated with the abundance
of Alloprevotella, Lachnospiraceae UCG-008, Ruminococcaceae
UCG-003: there was a negative correlation between Alloprevotella
and inflammatory markers (IL-6,HS-CRP) (Figures5A,B); a
positive correlation can be found in Ruminococcaceae UCG-003
and inflammatory markers (IL-6,HS-CRP) (Figures 5C,D), as
well as in Lachnospiraceae UCG-008 and inflammatory markers
(IL-6, HS-CRP, TNF-a) (Figures 5E-G).

Guizhi Fuling Wan Treatment Alter the Relative
Abundance of Multiple Intestinal Flora

Combining the results given above, we chose Alloprevotella,
Ruminococcaceae UCG-003, and Lachnospiraceae UCG-008 to
deeply discuss Guizhi Fuling Wan alleviate inflammation
and improve insulin resistance by changing the structure
of intestinal flora: in G group, the relative abundance of
Alloprevotella was increased significantly, and Ruminococcaceae
UCG-003, Lachnospiraceae UCG-008 was decreased significantly
(P < 0.05), compared with M group (Table5). On the
other hand, the effect of metformin (insulin sensitizer)
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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).
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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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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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