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Abstract: Objective: To explore the therapeutic effect of Huatan Tongmai Decoction on insulin-resistant polycystic 
ovary syndrome (PCOS-IR) and the potential mechanism. Methods: The PCOS-IR rat model was constructed and HE 
staining was used to observe the morphological changes of vaginal shedding cells and ovary. Serum sex hormone 
levels, fasting insulin (FINS), fasting blood glucose (FBG) and inflammatory factors were detected by enzyme-linked 
immunosorbent assay (ELISA). Intestinal flora was analyzed by 16SrDNA sequencing. The mRNA expression of RFRP-
3 and GPR147 in hypothalamus tissues was detected by RT-qPCR. The expression of ZO-1 and Occludin in colon 
tissue and the expression of GPR54, MyD88, TLR4, GnRHR and KP in the hypothalamus were detected by Western 
blot. Results: Compared with the model group, the body weight of the Huatan Tongmai Yin group decreased, the 
estrus cycle returned to normal, the levels of serum T, LH, FINS, HOMA-IR and inflammatory factors decreased, the 
levels of FSH increased, the types of intestinal flora OTU were more abundant, ACE and Chao index increased, and 
the mRNA level of hypothalamus RFRP-3 was up-regulated. In addition, serum T, LH, FPG, FINS and HOMA-IR levels 
were decreased, FSH levels were increased, inflammatory factors were down-regulated, and hypothalamic GPR54, 
MyD88, TLR4 and GnRHR proteins were reduced in rats after overexpression of RFRP-3. Conclusion: Tantongmai 
Decoction can correct the imbalance of intestinal flora, improve intestinal mucosal barrier function, relieve chronic 
inflammation and insulin resistance, thus up-regulating RFRP-3 in the hypothalamus, inhibiting the release of GnRH 
and KP, reducing the secretion of LH and T, and effectively alleviating PCOS-IR by regulating “microbe-gut-HPO axis”.
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Introduction

Polycystic ovary syndrome (PCOS) is character-
ized as hyperandrogenism and insulin resis-
tance (IR), obesity, infertility, and dyslipidemia, 
with an age-standardized point prevalence  
and annual incidence of 1677.8 and 59.8 cas- 
es per 100,000 people, respectively [1]. 
Currently, Western medicine treatments for 
PCOS-IR mainly include sex hormone-regulat-
ing drugs and insulin sensitizers [2]. However, 
these drugs often produce several adverse 
reactions, and the Hypothalamic-pituitary-
ovary (HPO) axis function cannot be fundamen-
tally restored. Therefore, it is of great clinical 
significance to explore new therapeutic strate-
gies for PCOS-IR, especially based on the  
overall regulatory role of traditional Chinese 
medicine.

The HPO axis is crucial in PCOS-IR pathogene-
sis. Gonadotropin-releasing hormone (GnRH) 
promotes the synthesis and secretion of folli-
cle-stimulating hormone (FSH) and luteiniz- 
ing hormone (LH), regulates sex hormone and 
affects ovarian function [3]. In addition, RFRP-3 
is a key physiological regulator in mammals 
with a homologous relationship with gonado- 
tropin-inhibiting hormone (GnIH). RFRP-3 can 
regulate the activity of GnRH neurons and  
affect the dynamic balance of the HPO axis. 
Cheng et al. showed that RFRP-3 directly inhib-
ited kisspeptin and regulated the HPO axis  
[4]. Enhancing the function of GnIH/RFRP-3 
neurons may inhibit GnRH and GnRH receptors 
synthesis, thereby interfering with the release 
of pituitary LH and improving the sex hormone 
levels of PCOS-IR patients.

http://www.ajtr.org
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Alterations in gut microbiota composition are 
implicated in the pathogenesis of PCOS-asso- 
ciated insulin resistance (PCOS-IR). Intestinal 
microbiota disruption contributes to ovarian 
hyperandrogenism and follicular developmen-
tal abnormalities through the induction of 
chronic low-grade inflammation and insulin 
resistance [5]. The intestinal flora involves in 
the brain-gut axis of PCOS-IR because brain-
gut axis is an important bidirectional informa-
tion conversion pathway which is mainly com-
posed of the brain, intestines and intestinal 
microorganisms, including central, autonomic 
nervous and intestinal microbial pathways [6]. 
The intestinal flora and metabolites play a  
vital role in regulating inflammatory pathways, 
activating brain-gut peptide secretion, regulat-
ing intestinal mucosal permeability and pro-
moting pancreatic islet cell proliferation [7]. 
Intestinal flora imbalance can lead to abnormal 
hormone levels related to the brain-gut axis, 
insulin resistance and compensatory hyperin-
sulinemia, thereby causing PCOS. Qi et al. [8] 
reported that, compared with other intestinal 
microbial levels, the level of Lactobacillus aci-
dophilus in PCOS patients was significantly 
increased, while the levels of glycodeoxycho- 
lic acid and taurodeoxycholic acid were de- 
creased. By increasing IL-22 levels, the patients’ 
conditions were alleviated through improving 
intestinal microbiome composition and bile 
acid metabolism. Shen et al. [9] showed that 
berberine can improve the condition of PCOS-
IR by regulating intestinal microorganisms and 
metabolites. However, at present, there are no 
studies investigating whether RFRP-3 mediates 
the “microbe-gut-HPO axis” and how it is 
involved in the occurrence and development of 
PCOS-IR, which provides a new direction for 
exploring the pathogenesis and therapeutic tar-
gets of PCOS.

Studies have indicated that traditional Chinese 
medicine may present unique advantages in 
the treatment of PCOS-IR [10]. Some studies 
have suggested that natural plant extracts  
may normalize hormones by reducing inflam-
mation, regulating the HPO axis, regulating 
autophagy and other ways [11], so as to  
achieve the purpose of treating PCOS. Among 
them, Huatan Tongmai Drink is a compound 
preparation developed based on this theory. It 
is composed of pinellia [12], Tangerine peel, 
poria cocos, Salvia miltiorrhiza [13], red peony 
root, Xiangfu and other drugs. It has the effects 

of eliminating phlegm and dampness, promot-
ing blood circulation, regulating menstrual flow 
and assisting pregnancy. However, the specific 
mechanism of its action, especially whether it 
plays a role by regulating the “microbe-intes-
tine-HPO axis” mediated by RFRP-3, has not 
been studied. Therefore, this study systemati-
cally evaluated the therapeutic effect and 
mechanism of Huatan Tongmai Yin by con-
structing a PCOS-IR rat model, aiming to deep-
en the understanding of the pathogenesis  
of PCOS-IR, and provide a new experimental 
basis for the regulation of neuroendocrine and 
metabolic network by traditional Chinese medi-
cine through the “microbe-gut-HPO axis”.

Materials and methods

Establishment of the animal model

Ninety-eight SPF-grade SD female rats aged 6 
weeks, were selected. Rats were purchased 
from Hunan Lake Jingda Experimental Ani- 
mal Co., Ltd., with the experimental animal pro-
duction license number: SCXK (Xiang) 2019-
0004 and the quality certificate number:  
NO. 430727221102805413. Body weight was 
between 180-200 g. After 1 week of adapta-
tion feeding, 23 rats were selected as the  
control group, and the remaining were con-
structed as the model group. Modeled rats 
were fed with a high-fat diet, including 61.5% 
ordinary feed, 12% lard, 5% sucrose, 5% pea-
nuts, 5% milk powder, 10% eggs, 0.5% salt,  
and 1% sesame oil. One mg/(kg·d) letrozole 
was dissolved in 0.5% (mass fraction) sodium 
carboxymethyl cellulose solution to prepare a 
letrozole suspension for daily gavage. At the 
same time, control rats were fed with ordinary 
feed and received 0.5% (mass fraction) so- 
dium carboxymethyl cellulose solution (CMC-
Na) via gavage at a ratio of 1 ml/100 g body 
weight per day. Ten rats in each of the control 
group and the model group were randomly 
selected to verify whether the membrane was 
successfully formed. This experimental plan 
was approved by the Experimental Animal 
Welfare Ethics Committee of Guangxi University 
of Chinese Medicine, with the approval num-
ber: DW20220501-220.

Grouping treatment

Thirteen modeled rats were randomly given 
Huatan Tongmai Yin. The decoction consisted 
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of 15 g of Pinellia, 6 g of Tangerine Peel, 10 g  
of Angelica, 20 g of Millettia, 10 g of Peach 
Kernel, 15 g of Salvia Miltiorrhiza, 15 g of 
Atractylodes, 20 g of Poria, 15 g of Zedoaria, 
10 g of Chuanxiong, 10 g of Corrugated Seed, 
15 g of Cyperus, and 15 g of Atractylodes (the 
same batch of drugs was purchased from the 
First Affiliated Hospital of Guangxi University of 
Chinese Medicine). The medicinal materials 
were processed by extraction technology and 
the concentration was adjusted to 4.8 g/mL. 
Rats were gavaged with Huatan Tongmai Yin  
24 g/(kg·d) for 21 consecutive days, stopped 
for 1 day, and then gavaged for another 21 
days. Another 13 rats were randomly selected 
and gavaged with metformin 0.16 g/(kg·d) for 
21 consecutive days, stopped for 1 day, and 
gavaged for 21 days. The remaining 26 mod-
eled rats were randomly assigned into RFRP- 
3 overexpression group (n = 13) and virus 
empty group (n = 13). The RFRP-3 overexpres-
sion lentivirus group was injected with 5 μL of 
RFRP-3 lentivirus into the lateral ventricle,  
and the virus empty group was injected with 5 
μL of empty RFRP-3 virus vector. Lentivirus 
overexpression vector and empty virus vector 
were constructed by Hanheng Biotechnology 
(Shanghai) Co., Ltd.

Enzyme-linked immunosorbent assay

Under anesthesia, 4-5 mL of blood was drawn 
from the abdominal aorta and centrifuged at 
3,000 rpm for 15 minutes after standing for 1 
hour. The upper serum was collected and 
stored at -80°C. The levels of FSH, LH, T, GnRH, 
FINS, FBG, CRP, IL-6, TNF-α, IL-1β, NF-κB, TLR4, 
and LPS in serum were measured by ELISA  
and HOMA-IR was calculated as HOMA-IR = 
FBG (mmol/L) × FINS (mIU/L)/22.5.

Detection of the diversity of intestinal flora in 
rats

The rectal area of rats was gently pressed to 
stimulate defecation, and feces were collected 
with sterile forceps, stored in sterile EP tubes, 
and then labeled. The samples were stored at 
-80°C. The intestinal 16S rDNA sequencing 
analysis was completed by Nanning Current 
Science Co., Ltd. The main process is as fol-
lows: CTAB extracted genomic DNA of the in- 
testinal contents of rats in each group; agarose 
gel electrophoresis detected DNA concentra-
tion and purity, and the DNA template was dilut-

ed and amplified using the Barcode-specific 
primers with the V3-V4 region; the target band 
was purified using AxyPrep DNA Gel Extraction 
Kit nucleic acid purification kit; and the recov-
ered product was detected and quantified 
using the QuantusTM Fluorometer (Promega, 
USA). After quality control and splicing of the 
original sequencing data, OTUs were clustered, 
and the number, distribution and species an- 
notation of OUTs were further counted. The 
sample complexity (Alpha Diversity) and diver-
sity (Beta Diversity), KEGG functional annota-
tion and statistics were analyzed. R 4.2.1 was 
used to visualize the data.

HE staining

From the 7th day of membrane formation, vagi-
nal smears were performed every morning to 
observe morphological changes of epithelial 
cells and monitor the estrous cycle of rats until 
the end of membrane formation. 

The end point of experiment was euthanasia by 
intraperitoneal injection of pentobarbital sodi-
um (150 mg/kg). Death was confirmed by pupil 
dilation and cardiac and respiratory arrest. All 
operations follow AVMA euthanasia guidelines. 
Ovarian tissue was removed and fixed with 4% 
paraformaldehyde. After routine dehydration 
and paraffin embedding, tissue sections were 
prepared and immersed in xylene, anhydrous 
ethanol and 75% alcohol in turn, and then 
washed. Then they were stained with hematox-
ylin and then decomposed with dilute hydro-
chloric acid and ammonia water to make the 
tissue blue. The sections were washed again 
and sealed with neutral gum and then observed 
under a microscope.

RT-qPCR

According to the instructions for use of the 
reagents, after extracting total RNA, the con-
centration of RNA samples (2 μL) was accu- 
rately measured with a spectrophotometer. 
GAPDH was used as the reference gene to 
detect RFRP-3 and GPR147 mRNA levels. The 
reference mixed sample was pre-denatured at 
94°C for 5 minutes, followed by denaturation, 
extension, and amplification. The amplified 
product (10 μL) was further extracted and  
electrophoresed, and the results were finally 
analyzed using an electrophoresis gel imaging 
system. The primers are shown in Table 1.
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Western blot

We took about 50 mg of tissue, ground it into 
powder with liquid nitrogen, added the appro-
priate amount of RIPA lysis buffer, and soni- 
cated it for 1-2 min. Next, it was centrifuged at 
4°C, 12000 rpm for 5 min to remove insoluble 
impurities, and the supernatant and total pro-
tein was quantified by a BCA kit (Biyuntian, 
Shanghai, China). Thirty ug of protein was ta- 
ken as a sample for SDS-PAGE gel electropho-
resis to separate proteins; after removing the 
gel, we transferred the membrane at 40 V for 
2-3 h; removed the PVDF membrane, rinsed 
twice with TBST, added blocking solution, 
placed it on a shaker for 2 h, rinsed twice with 
TBST, added an appropriately diluted primary 
antibody and incubated it with the PVDF mem-
brane overnight, rinsed three times with TBST, 
added an appropriately diluted secondary  
antibody and incubated with the PVDF mem-
brane for 1 h, rinsed three times with TBST, cov-
ered the front of the membrane with an appro-
priate amount of ultrasensitive ECL (A:B = 1:1) 
chemiluminescent solution, and used an imag-
ing system to expose and detect the PVDF 
membrane.

Statistical methods

Data were analyzed by SPSS 26.0 and 
GraphPad Prism software. Normality testing of 
the data was conducted on continuous vari-
ables such as hormone levels, inflammatory 
factors, intestinal flora α diversity index, etc.  
All of them were in line with a normal distribu-
tion and were expressed as “mean ± SD”. 
Bilateral independent sample t test was used 
for comparison between the two groups,  
single factor ANOVA was used for comparison 
between multiple groups, and LSD method was 
used for post-test. If there was no special 
requirement, P<0.05 was used as the test 
standard.

Results 

Huatan Tongmai Yin can improve relevant indi-
cators of PCOS-IR rats

After modeling, HE staining showed significant 
differences between the control group and 
model group. The vaginal exfoliated cells of  
rats in the control group consistently showed a 
stable estrous cycle, large and regular follicles, 
thick and compact granulosa cell layer, and 
well-developed corpus luteum, while the vagi-
nal exfoliated cells of rats in the model group 
had fallen cells, with small bubbles, loose  
granule cell layer, and small number of corpus 
luteum showing that they were in interestrus  
for a long time, with irregular estrous cycle 
(Figures 1 and 2). Secondly, the serum T, LH, 
FPG, FINS, and HOMA-IR levels of rats in the 
model group were higher than in the control 
group, and FSH was decreased (Table 2; Figure 
3). These results indicate that the PCOS-IR rat 
model using letrozole combined with a high-fat 
diet was successfully constructed.

We found that Huatan Tongmai Yin can effec-
tively reduce body weight of PCOS-IR rats, 
achieving the same effect as metformin (Table 
3). Modeled rats treated with drug intervention 
had restored and regular estrous cycles, and 
serum T, LH, FINS, and HOMA-IR significantly 
decreased, while FSH increased significantly 
(Table 4; Figures 4 and 5). HE staining of ova-
ries in the Huatan Tongmaiyin group showed 
several mature follicles and corpus luteum, and 
the granulosa cells showed an orderly multi-
layered structure. The number of mature ova-
ries, corpus luteum, and layers of granulosa 
cells were all better than those in the metfor-
min group (Figure 6). The above results show 
that Huatan Tongmai Yin has similar effects to 
metformin and can effectively reduce the 
weight of PCOS-IR rats, enhance insulin sensi-
tivity, alleviate hyperinsulinemia, and bring ste-

Table 1. Primer information of target genes and the internal reference gene
Gene Primer Sequences (5’ to 3’) Length (bp) Anneal temperature
β-actin F CGTAAAGACCTCTATGCCAACA 100 57°C

R TAGGAGCCAGGGCAGTAATC
RFRP-3 F GGAGGAACATAGAAGACAGAAGAAG 186 57°C

R TGGCATAGAGCAATTCACTGGA
GPR147 F ACAATGCCAACACTCTCCTCTG 106 57°C

R CAACTCACCAACTCCTCCTTCC
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roid hormone levels closer to normal range, 
which could correct endocrine and metabolic 
disorders. It is better than metformin in alleviat-
ing polycystic changes in rat ovaries and has 
certain advantages in the treatment of 
PCOS-IR.

ZO-1 and Occludin expression in the colon tis-
sue of rats in the model group was reduced. 
However, Occludin expression in the colon tis-
sue of Huatan Tongmai Yin group and metfor-
min group increased significantly; ZO-1 in the 
Huatan Tongmai Yin group showed an upward 

Figure 1. The changes of estrus cycle in rats were observed by HE staining of vaginal shed cells (HE staining, 40×). 
Note: Preestrus: A large number of nucleated epithelial cells can be seen, with clear cell boundaries; Estrus: keratin-
ized epithelial cells without nuclei were seen, and the cells were squamous. Metestrus: mixed keratinized epithelial 
cells and white blood cells were seen. Diestrus: A large area of white blood cells is seen.

Figure 2. HE staining of rat ovarian tissue (HE staining, 40×, 100×). Note: 
Control group: follicles and corpus luteum at all levels can be seen, and 
granular cells are arranged neatly; Model group: Multiple cystic follicles were 
seen, the granular cell layer was thinner, and the number of corpus luteum 
was reduced. CL: Corpus luteum: corpus luteum; O: Oocyte; A: Antrum, antral 
follicle; T: Thecal cells, theca cells; GC: Granular cell.

Huatan Tongmai Yin improves 
PCOS-IR rats and changes the 
RFRP-3 expression by inter-
fering with the “microbiome-
intestinal-HPO” axis

Intestinal flora analysis found 
that the Huatan Tongmai Yin 
group had the richest OTU 
types (Figure 7), and the  
ACE, Chao, Richness and PD_
whole_tree indices were all 
increased (Figure 8). We fur-
ther evaluated inflammatory 
factors and found that CRP, 
IL-6, TNF-α, IL-1β, LPS, TLR4, 
and NF-κB in rats in the mo- 
del group were significantly 
increased, while the Huatan 
Tongmai Decoction group and 
metformin group had signifi-
cantly reduced CRP and IL-6, 
TNF-α, IL-1β, LPS, and NF-κB 
levels, with TNF-α showing a 
downward trend (Tables 5  
and 6). In terms of improving 
intestinal barrier function, 
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trend (Figure 9). The expression of RFRP-3 and 
GPR147 mRNA was significantly down-regulat-
ed in the model group, while their expression 
after treatment with Huatan Tongmai Yin and 
metformin was reduced. The expressions of 
RFRP-3 and GPR147 mRNA in the thalamus 
were significantly upregulated (Figure 10). 
These results show that Huatan Tongmai 
Decoction has the function of improving the 
intestinal barrier function, inflammatory state, 
intestinal flora OTU types and Alpha and Beta 

diversity in PCOS-IR rats. Its mechanism of 
action may be through “microorganism-intesti-
nal-HPO” axis, which is considered to be closely 
related to RFRP-3.

Effect of RFRP-3 on the “microbiome-gut-HPO 
axis” in PCOS-IR rats

In the above experiments, we noticed the clo- 
se changes between RFRP-3 and PCOS-IR. In 
order to further explore the underlying mecha-

Table 2. Comparison of serum sex hormone levels in rats in each group (n = 10, 
_
x±s)

Group/Indicator LH (ng/L) FSH (IU/L) T (nmol/L)
Control group 40.22±2.89 31.21±1.41 7.68±0.47
Model group 53.00±1.93a 15.68±1.50a 10.95±0.74a

Note: LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone. In the same row, superscripts with different 
letters indicate significant differences (aP<0.05).

Figure 3. Comparison of FPG, FINS, and HOMA-IR levels in rats. Note: FPG: fasting blood glucose; FINS: fasting insu-
lin; HOMA-IR: insulin resistance index. Two-tailed t-test was used to perform significance statistics between groups. 
** represents P<0.01, *** represents P<0.001.

Table 3. Comparison of body weight of rats in each group (n = 13, 
_
x±s)

Group/Indicator Control group Model group Huatan Tongmai Yin group Metformin group
Initial weight (g) 200.86±2.79a 201.23±2.79a 199.79±2.89a 202.75±4.15a

Body weight after modeling (g) 289.32±15.62b 376.98±17.13a 367.31±21.26a 362.05±24.87a

Weight after experiment (g) 289.95±9.55c 416.80±19.09a 373.76±31.83b 366.60±27.25b

Note: In the same row, superscripts with different letters indicate significant differences (P<0.05).

Table 4. Comparison of serum sex hormone levels in rats in each group before and after intervention 
treatment (n = 13, 

_
x±s)

Group/Indicator LH (ng/L) FSH (IU/L) T (nmol/L)
Control group 41.25±3.36c 31.26±1.43a 8.07±1.02c

Model group 51.23±3.87a 15.39±1.52d 10.47±1.23a

Huatan Tongmai group 45.07±2.35b 21.9±1.46c 9.29±0.41b

Metformin group 46.36±2.69b 26.25±1.99b 9.51±0.59b

Note: LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone. In the same row, superscripts with different 
letters indicate significant differences (P<0.05).
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nism, RFRP-3 was used to intervene in the 
model group. The detection of RFRP-3 expres-
sion in each group showed that RFRP-3 ex- 
pression was significantly decreased in model 
group and increased in the RFRP-3 overex-
pressing virus group, indicating that the experi-
mental construction of the RFRP-3 overex-

pressing virus group was successful (Figure 
11). The results showed that RFRP-3 could sig-
nificantly reduce the risk of PCOS-IR rats. 
Serum T, LH, FPG, FINS, and HOMA-IR levels 
increased FSH (Tables 7 and 8). At the same 
time, it can significantly down-regulate CRP, 
IL-6, TNF-α, IL-1β, LPS, TLR4, and NF-κB in 

Figure 4. Comparison of changes in estrous cycles of rats in each group (HE staining, 40×). Note: Proestrus is pro-
estrus; Estrus is estrus; Metestrus is metaestrus; Diestrus is interestrus.

Figure 5. Comparison of FPG, FINS, and HOMA-IR levels in rats in each group. Note: Comparison of FPG (A), FINS (B) 
and HOMA-IR (C) of rats in each group. FPG: fasting plasma glucose; FINS: fasting insulin; HOMA-IR: insulin resis-
tance index. Superscripts with different letters indicate significant differences (P<0.05).
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PCOS-IR rats (Tables 9 and 10), and signifi- 
cantly reduce the symptoms of PCOS-IR rats. 
The protein expression of GPR54, MyD88, 
TLR4, and GnRHR in the mouse hypothalamus 
also had a downward trend in regulating the 
protein expression of KP (Figure 12). This 
experiment is the first to explore the therapeu-
tic effect of RFRP-3 on PCOS-IR rats, proving 
that RFRP-3 can interfere with “microbiome-
gut-HPO axis” by inhibiting TLR4/MyD88/NF- 
κB pathway and reducing inflammatory factors, 
to achieve the effect of treating PCOS-IR.

Discussion

Polycystic ovary syndrome is a metabolic disor-
der with hyperandrogenism, ovulation disorder, 
and insulin resistance as its main pathological 
characteristics [14]. Since its exact pathogene-
sis is not clear yet, Western medicine treat- 
ment usually chooses metformin to enhance 
insulin sensitivity, combined with clomiphene 
or letrozole to promote ovulation, and proges-
terone to adjust the menstrual cycle [15],  
which often does not achieve a complete cure, 

Figure 6. Comparison of morphological changes in ovarian tissue of rats in each group (HE staining, 40×, 100×). 
Note: CL: Corpus luteum: corpus luteum; O: Oocyte: oocyte; A: Antrum, antral follicle; T: Thecal cells: theca cells; GC: 
Granular cell.

Figure 7. OTUs statistical analysis results chart. Note: K is the control group; M is the model group; Z is the Huatan 
Tongmai Decoction group; and X is the metformin group. (A) is a dilution curve analysis chart. (B) is a Venn diagram 
of the intestinal flora of rats in each group. The overlapping part of (B) represents the number of common species, 
and the non-overlapping part represents the number of species unique to the corresponding group.
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and is also accompanied by gastrointestinal 
side effects. “Gut-brain” axis dysfunction is an 
important pathogenic factor of PCOS-IR, and 
regulating the imbalance of the brain-gut axis is 
a new research direction in the treatment of 
PCOS-IR. RFRP-3 is a biological short peptide 
known to inhibit the HPO axis, inhibits GnRH 
activity through kisspeptin neurons, and affects 
the secretion of LH and FSH through multiple 
pathways [16]. In order to explore whether 
Huatan Tongmai Yin can mediate the “microbi-
ome-gut-HPO” axis through the expression of 
RFRP-3, thereby improving the condition of 
PCOS-IR, we first constructed a PCOS-IR rat 
model and detected vaginal shedding cells, 
ovarian HE staining, serum levels of sex hor-
mones and insulin-related indicators. The 
results show that Huatan Tongmai Yin can 
effectively regulate these indicators, suggest-

acid producing bacteria, while metformin had 
no significant effect on such bacteria [19], so 
Huatan Tongmai Yin has more advantages in 
restoring ovarian cycle function and maintain-
ing long-term metabolic stability. However, the 
specific mechanism needs to be further 
explored. Intestinal flora not only maintains 
ovarian function, but also regulates endocrine 
levels. It can convert conjugated estrogens  
and metabolites produced by the liver into free 
states, thereby regulating estrogen levels [20]. 
Its dysregulation may promote androgen pro-
duction in the ovaries and interfere with nor- 
mal follicular development by inducing chronic 
inflammation. Changes in metabolic and clini-
cal parameters in PCOS-IR patients are associ-
ated with changes in gut microbiota composi-
tion. Studies have shown that compared with 
healthy people, the intestinal flora of PCOS-IR 

Figure 8. AlPha diversity index analysis. Note: K is the control group; M is the 
model group; Z is the Huatan Tongmai Decoction group; and X is the metfor-
min group. Richness index is the species richness index, which is the sum of 
the number of species with an abundance greater than 0 in the community; 
Chao1 is the bacterial species richness index, which is used to estimate 
the number of OTUs contained in the sample; ACE, used to estimate the 
number of OTUs contained in the community Index of the number of OTUs; 
PD_Whole_Tree is a diversity index calculated based on phylogenetic trees.

ing its potential therapeutic 
effect on PCOS-IR. The mech-
anism may be as follows: 
Pinellia in Huatan Tongmai 
Decoction is rich in β-sito- 
sterol, which can reduce lo- 
cal ovarian inflammation by 
inhibiting the expression of 
IL-1β/COX-2 [12]. At the same 
time, Angelica in the formula 
is rich in active substances 
such as ferulic acid, which  
can inhibit the excitability of 
GnRH neurons in the hypo- 
thalamus and improve insulin 
sensitivity [17]. Meanwhile, in 
this study, it was found that 
Huatan Tongmai Yin and met-
formin produced similar im- 
provement effects when inter-
vening PCOS-IR rats, but the 
Huatan Tongmai Yin group  
still showed certain advantag-
es, which may be attributed  
to the fact that the combina-
tion of angelica and Astragal- 
us inhibits CYP19A1 activity. 
Furthermore, it can reduce 
local ovarian androgen syn-
thesis more effectively than 
metformin [18]. At the same 
time, the main component of 
the compound, Whitractonide 
A, can specifically promote the 
increase of short-chain fatty 
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patients is significantly reduced [21]. Zhao et 
al. [22] found that the modified Banxia Xiexin 
Decoction can increase the abundance of ben-
eficial flora in PCOS-IR rats, reduce pathogenic 
bacteria, and regulate the diversity of the flora. 
Similarly, research by Zhu et al. [23] showed 
that Guizhi Fuling Pills can relieve inflammation 
and improve the symptoms of PCOS-IR while 
regulating intestinal flora.

In addition, β-sitosterol in Pinellia ternata can 
upregulate tight junction proteins, promote the 
secretion of regenerative islet-derived protein 
IIIγ and secretory IgA, enhance the physical  
and biochemical barrier functions of intestinal 
epithelium, and reshape intestinal flora [25]. In 
addition, Atractylodes macrocephala, another 
component of Huatan Tongmai Yi, contains 
atractylodesin A, which can inhibit intestinal 

Table 5. Serum inflammatory factor levels of rats in each group (n = 13, 
_
x±s)

Group/Indicator CRP (μg/L) TNF-α (ng/L) IL-1β (ng/L) IL-6 (pg/mL)
Control group 2430.52±113.9d 405.99±17.62d 42.94±1.82d 125.08±6.42d

Model group 3161.39±114.81a 556.83±20.63a 57.76±2.41a 162.26±6.19a

Huatan Tongmai group 2833.66±125.9b 495.6±18.92b 52.1±2.23b 148.07±5.45b

Metformin group 2728.52±112.54c 464.73±21.56c 48.46±2.66c 138.37±5.87c

Note: CRP, C-reactive protein; TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β; IL-6, interleukin-6. Superscripts with differ-
ent letters indicate significant differences (P<0.05).

Table 6. Serum LPS, TLR4 and NF-κB levels of rats in each group 
(n = 13, 

_
x±s)

Group/Indicator LPS (ng/L) NF-κB (ng/L) TLR4 (ng/mL)
Control group 110.94±5.13d 785.36±32.48b 31.06±1.87c

Model group 144.18±6.56a 850.25±33.55a 35.46±1.39a

Huatan Tongmai group 134.36±7.66b 820.89±35.58a 32.8±1.38b

Metformin group 123.03±4.03c 824.07±46.38a 32.19±1.79b,c

Note: LPS, lipopolysaccharide; TLR4, Toll-like receptor 4; NF-κB, nuclear factor κB. 
Superscripts with different letters indicate significant differences (P<0.05).

Figure 9. Expression of Occludin and ZO-1 proteins in the colon of rats in 
each group. Note: K is the control group; M is the model group; Z is the Hua-
tan Tongmai Decoction group; and X is the metformin group. Superscripts 
with different letters indicate significant differences (P<0.05).

This study observed the 
potential of Huatan Tongmai 
Decoction in treating PCOS- 
IR through the “microbiome-
intestinal-HPO” axis. After es- 
tablishing PCOS-IR rat model, 
the rats were given Huatan 
Tongmai Yin and we found 
that the follicular morphology 
of PCOS-IR rats was improv- 
ed, the corpus luteum was 
increased, the pathological 
structure was improved, the 
levels of LH, FSH and FINS 
were regulated, and HOMA- 
IR was reduced. In addition, 
changes in the intestinal flora 
index were also observed, 
indicating that the therapeu- 
tic effect of Huatan Tongmai 
Yin is related to “microorgan-
ism-intestinal-HPO”. One pos-
sible reason is that Huatan 
Tongmai Yin contains pinell- 
ia polysaccharide. Its water-
soluble polysaccharide can 
inhibit macrophage infiltra-
tion, downregulate the ex- 
pression of IL-1β and COX-2  
to reduce inflammatory res- 
ponse, and increase mucin 2 
(MUC2) secretion and tight 
junction proteins expression 
to maintain stability of the 
intestinal mucus barrier [24]. 
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inflammatory response, reverse damaged 
mucin synthesis through the TLR4/MyD88/
NF-κB signaling, repair intestinal barrier, and 
regulate intestinal tract flora [26]. It can be 
seen that Huatan Tongmai Yin can reduce the 
inflammatory response of PCOS-IR, improve 
the intestinal barrier and regulate intestinal 
microorganisms through multiple ways. The 
brain-gut axis plays a role in regulating gut 
microbiota. Changes in intestinal flora can 
affect the HPO axis through the brain-gut axis, 
forming a “microbiome-gut-HPO” axis, thereby 
affecting the condition of PCOS-IR. In the HPO 
axis, the pituitary gland receives GnRH signals 
from hypothalamus and secretes LH and FSH, 
thereby regulating follicle maturation and sex 
hormone levels [27]. HPO axis imbalance is 
considered an important pathological feature 
of PCOS-IR.

“Metabolic endotoxemia” caused by intestinal 
flora imbalance may be the trigger for PCOS. 
Intestinal flora serves as a storage reservoir for 
LPS. When the flora is imbalanced, such as an 
increase in the number of Desulfovibrio [28, 
29], it can induce an increase in LPS levels, 
increase intestinal permeability, and promote 
the entry of endotoxins into the systemic circu-
lation [30]. In addition, studies have proven 
that TLR4 [31] can recognize LPS and activate 
the NF-κB pathway, releasing pro-inflammatory 
factors such as CRP, TNF-α, IL-1β, and IL-6, 
resulting in the presence of a large number of 
inflammatory factors in the blood circulation 
and ovarian tissue of PCOS patients [32-34]. 

These factors can affect the expression of 
gonadotropin FSH and LH receptors in the pitu-
itary gland, further regulate the levels of estro-
gen and progesterone in the ovary, and affect 
the neuroendocrine activity of HPO axis [35]. 
When the level of TNF-α in the body increases, 
the secretion of adiponectin (which has the 
effect of increasing insulin sensitivity and can 
stimulate cell proliferation and steroid produc-
tion) decreases, resulting in decreased insulin 
sensitivity and increased steroid production, 
ultimately leading to hyperandrogenism. 

In this study, PCOS-IR rats were administered 
Huatan Tongmai Yin and metformin. Subse- 
quently, the inflammatory factors (CRP, IL-6, 
TNF-α, IL-1β, LPS, TLR4, NF-κB), intestinal tis-
sue proteins (ZO-1, Occludin), and intestinal 
flora were measured. The results showed that 
the Huatan Tongmai Decoction group had the 
richest types of OTUs, all indices increased, 
and it could significantly downregulate CRP, 
IL-6, TNF-α, IL-1β, LPS, and NF-κB, and also  
had an effect on TNF-α. Occludin expression  
in colon tissue increased; ZO-1 showed an 
upward trend. These results demonstrate that 
Huatan Tongmai Decoction improves intestinal 
barrier function, reduces inflammatory mark-
ers, and modulates intestinal flora (including 
OTU types and Alpha/Beta diversity) in  
PCOS-IR rats. Its mechanism of action may be 
through “microorganism-intestinal-HPO” axis 
which is considered closely related to RFRP- 
3. Neuropeptide-RF amide-related peptide-3 
(RFRP-3) is the only neuropeptide found so far 
in the mammalian brain that exerts a negative 
regulatory effect on hypothalamic-pituitary-
gonadal axis [36]. Studies have found that 
RFRP-3 acts on hypothalamic neurons and the 
pituitary gland, inhibiting GnRH and LH synthe-
sis [37].

Consistent with our findings, a study also 
showed that polycystic ovary syndrome rats 
had lower levels of RFRP-3 compared with nor-
mal rats [38]. RFRP-3 sends inhibitory signals 
to the reproductive axis through mammalian 
GPR147, a well-known HPO axis inhibitor that 
regulates LH secretion by acting on GnRH  
neurons [39]. Peragine et al. [40] found that 
RFRP-3 can affect the sexual maturation of 
mice through GnRH. In addition, Xiong et al. 
[41] demonstrated that large doses of exoge-
nous RFRP-3 can affect bovine oocytes by  
regulating apoptosis rate and steroidogenesis. 

Figure 10. mRNA expression levels of RFRP-3 and 
GPR147 in hypothalamic tissue. Note: K is the con-
trol group; M is the model group; Z is the Huatan 
Tongmai Decoction group; and X is the metformin 
group. Superscripts with different letters indicate sig-
nificant differences (P<0.05).
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We found significantly down-regulated RFRP-3 
and GPR147 mRNA in the model group, while 
they were up-regulated after treatment with 
Huatan Tongmai Decoction. The active ingredi-
ents in Huatan Tongmai Yin, such as the alka-
loids in Pinellia ternata and Angelica sinensis, 
can act on the hypothalamus, activate RFRP-3, 
inhibit the kisspeptin/GPR54 pathway, and 
inhibit GnRH-induced LH secretion in pituitary 
cells [42].

To further investigate the potential mechanism 
by which RFRP-3 alleviates PCOS-IR via the 
“microbiome-gut-HPO axis”, we performed 
RFRP-3 overexpression in rats in the model 
group. The results showed that RFRP-3 could 
improve sex hormone and insulin-related indi-

gut-HPO” axis by improving inflammation and 
insulin resistance, thereby regulating LH and 
FSH levels. However, given that RFRP-3 can 
regulate the release of pituitary hormones 
through multiple pathways and considering the 
involvement of various brain-gut peptides in the 
brain-gut axis, this study did not fully elucidate 
its exact mechanism.

In addition, the study lacked cellular-level  
studies and had limited discussion of gene- 
tics. Therefore, it is necessary to conduct fur-
ther research to explore the mechanism of 
Huatan Tongmai Yin in PCOS-IR, in order to pro-
vide new insights into PCOS-IR treatment. By 
studying the therapeutic effect of Huatan 
Tongmai Decoction on PCOS-IR, we can explore 

Figure 11. Expression of RFRP-3 in hypothalamus of rats in each group. 
Note: K, control group; M, model group; Y, RFRP-3 overexpression group; W, 
empty virus group. Superscripts with different letters in the same row indi-
cate significant differences (P<0.05).

Table 7. Comparison of sex hormone levels in rats in each group (n 
= 13, 

_
x±s)

Group/Indicator LH (ng/L) FSH (IU/L) T (nmol/L)
Control group 41.25±3.36c 31.26±1.43a 8.07±1.02c

Model group 51.23±3.87a 15.39±1.52d 10.47±1.23a

RFRP-3 overexpression group 44.95±2.28b 28.88±1.4b 9.11±0.67b

Virus empty group 50.89±2.39a 18.12±1.45c 10.64±0.52a

Note: LH, luteinizing hormone; FSH, follicle-stimulating hormone; T, testosterone. 
In the same row, superscripts with different letters indicate significant differences 
(P<0.05).

Table 8. Comparison of FPG, FINS, and HOMA-IR levels in rats in 
each group (n = 13, 

_
x±s)

Group/Indicator FPG (mmol/L) FINS (mIU/L) HOMA-IR
Control group 4.02±0.36b 20.73±1.21d 3.71±0.42c

Model group 4.78±0.47a 26.65±1.15a 5.66±0.64a

RFRP-3 overexpression group 4.3±0.52b 22.33±0.98c 4.26±0.55b

Virus empty group 4.68±0.44a 25.53±0.86b 5.31±0.51a

Note: FPG, fasting blood glucose; FINS, fasting insulin; HOMA-IR, insulin resistance 
index. Superscripts with different letters indicate significant differences (P<0.05).

cators in PCOS-IR rats, redu- 
ce the inflammatory state, 
reduce the expression of 
GPR54, MyD88, TLR4, and 
GnRHR in the hypothalamus, 
and it also had a down-re- 
gulation trend in the protein 
expression of KP. This experi-
ment is the first to explore  
the therapeutic effect of 
RFRP-3 on PCOS-IR rats, prov-
ing that RFRP-3 can interfere 
with the “microbiome-gut- 
HPO axis” by inhibiting the 
TLR4/MyD88/NF-κB pathway 
and reducing production of 
inflammatory factors, to ac- 
hieve the effect of treating 
PCOS-IR. The above experi-
mental results show that 
Huatan Tongmai Yin can 
improve intestinal flora and 
polycystic ovary syndrome by 
upregulating the expression  
of RFRP-3, inhibiting GnRH 
and regulating the “microbi-
ome-gut-HPO” axis.

Conclusion

Huatan Tongmai Yin has  
obvious therapeutic effects 
on insulin-resistant polycystic 
ovary syndrome. It can up- 
regulate the expression of 
RFRP-3 to inhibit the TLR4/
MyD88/NF-κB pathway, inter-
fering with the “microbiome-
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the role of RFRP-3-mediated “microbiome-inte- 
stinal-HPO” axis in the pathogenesis of PCOS-
IR and supplement our understanding of PCOS-
IR as well as identify new therapeutic targets.

In addition, due to the multi-target characteris-
tics of Huatan Tongmai Yin, its mechanism of 
action on the brain-gut axis, HPO axis and regu-
lation of intestinal flora is worth exploring. 
These findings are valuable for clinical treat-

ment of patients and provide a wider range of 
therapeutic possibilities.
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Table 9. Serum inflammatory factor levels of rats in each group (n = 13, 
_
x±s)

Group/Indicator CRP (μg/L) IL-1β (ng/L) IL-6 (pg/mL) TNF-α (ng/L)
Control group 2430.52±113.9d 42.94±1.82d 125.08±6.42d 405.99±17.62d

Model group 3161.39±114.81a 57.76±2.41a 162.26±6.19a 556.83±20.63a

RFRP-3 overexpression group 2561.03±162.46c 45.55±2.25c 134.32±6.61c 431.89±19.06c

Virus empty group 3054.26±123.5b 54.09±2.10b 156.65±6.22b 533.46±20.91b

Note: CRP, C-reactive protein; TNF-α, tumor necrosis factor-α; IL-1β, interleukin-1β; IL-6, interleukin-6. Superscripts with differ-
ent letters indicate significant differences (P<0.05).

Table 10. Serum LPS, TLR4, and NF-κB levels of rats in each group (n = 13, 
_
x±s)

Group/Indicator TLR4 (ng/mL) LPS (ng/L) NF-κB (ng/L)
Control group 31.06±1.87b 110.94±5.13c 785.36±32.48b

Model group 35.46±1.39a 144.18±6.56a 850.25±33.55a

RFRP-3 overexpression group 31.04±1.47b 118.82±4.9b 803.4±46.66b

Virus empty group 35.39±1.82a 141.37±5.4a 837.77±43.51a

Note: LPS, lipopolysaccharide; TLR4, Toll-like receptor 4; NF-κB, nuclear factor κB. Superscripts with different letters indicate 
significant differences (P<0.05).

Figure 12. Protein expression of GNRHR, KP, GRP54, TLR4, and MYD88 in each group. Note: K, control group; M, 
model group; Y, RFRP-3 overexpression group; W, empty virus group. Superscripts with different letters in the same 
row indicate significant differences (P<0.05).
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