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Abstract

This study aims to analyze the active components and mechanism of Bushen Huoxue (BSHX) formula on the
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autoimmune premature ovarian insufficiency (POI) by combining network pharmacology and Transcripto-
mics. The active components and targets of BSHXF were screened through Traditional Chinese Medicine Sys-
tems Pharmacology Database and Analysis Platform (TCMSP). POl-related targets were identified through
Therapeutic Targets Database (TTD), DisGeNET and drugbank database. The Veen diagram was performed to
obtain the action targets. The active compound-target network and Protein-Protein Interaction (PPI) network
were built by using STRING database and Cytoscape software. Key targets and active compounds were fur-
ther identified by topological analysis. Molecular docking shows that Kaempferol, Isorhamnetin and Anhy-
droicaritin have strong binding to AKT. Finally, a zp3-induced autoimmune ovarian function deficiency mouse
model was used to explore the potential mechanism of POI. The potential pathways of BSHXF for the treat-
ment of POI were identified by Transcriptomic analysis. PI3K-AKT and NF-kb pathways were the common
pathways between network pharmacology and transcriptomics. Our results revealed that BSHXF could reduce
the FSH expression levels and raise the E2, and AMH levels in the serum. Western bloting demonstrates that
BSHXF could upregulate the expression of p-PI3K and p-AKT.
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1. Introduction

Premature ovarian insufficiency (POI), which is also
known as premature ovarian failure(POF), is a reversible
syndrome that occurs under the age of 40 [1]. POl is a pa-
thological condition of low serum estrogen levels that will
increase the risk of osteoporosis, cardiovascular disease,
dementia, cognitive decline, and Parkinsonism [2]. POI
has a global incidence of 1-3%, 25%-30% of the causes
of POI cases are identified while the causes of 50%-90%
of POI cases are idiopathic [3]. Notably, autoimmunity ac-
counts for approximately 4-30%, and immunosuppressive
therapy fails to reverse the ovarian autoimmune process
or enhance the responsiveness to gonadotropins [4]. The
apoptosis of granulosa cells was thought to be the initia-
tor of follicular atresia, which was demonstrated by the
experiment [5]. The proliferation and differentiation of
Granulosa cells were guided by oocytes, while the granu-
losa cells provided the corresponding key signals for the

oocytes maturation [6]. In most cases, no effective thera-
peutic means is able to recover the POI patient fertility,
and the life quality of women and reproduction face chal-
lenges seriously [7].

Hormone replacement therapy (HRT) could signifi-
cantly relieve the symptom scores of hot flushes, vaginal
dryness and sweating episodes [8]. However, the dose of
HRT tends to be higher in the treatment of POI than that
in the older age group which may increase the clotting cell
activation clinically [9-11]. Meanwhile, an epidemiolo-
gical study showed that the occurrence of breast cancer
was positively correlated with HRT [12]. Moreover, a hos-
pital-based multicenter study with propensity found that
the risk of meningioma increased after hormone replace-
ment therapy in Chinese women recently [13]. Tonofying
Kidney (Bushen) and Activating Blood (Huoxue) formula
(BSHXF) is a traditional Chinese herbal compound that
has been applied in the clinical for 20 years. The function
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of tonifying the kidney, invigorating the blood and regu-
lating the Chong-Ren axis are mainly the advantages of
BSHXF for the POI. According to a meta-analysis study,
the Chinese herbal medicine Tonofying Kidney (Bushen)
and Activating Blood (Huoxue) formula could improve
the hormone levels of POI patients and have lower related
adverse events compared to hormone replacement therapy
[14]. Previous studies indicated that BSHXF could protect
the function of ovarian in ZP3-induced POI mouse model
[15]. However, the mechanism of BSHX formula in the
treatment of autoimmune POI is unclear. It is critical to
uncover active ingredients of the formulae and identify the
related target genes.

Network pharmacology connects compound pres-
criptions and diseases through "disease-phenotype-gene-
drugs" and forms a multi-target and multi-component
treatment model [16]. Transcriptomics may offer multiple
genes which could shed light on the mechanism of tra-
ditional Chinese medicine [17]. In the present study, we
selected the pathways shared by network pharmacology
and transcriptomics to explore the mechanism of BSHXF
in the treatment of immune POI mice models.

2. Materials and methods
2.1. Preparation of Chinese medicine

The total herbs were purchased from Jiangsu Province
Hospital on integration of Chinese and Western Medicine
(listed in Supplementary Table 1). All drugs were decocted
in water (10 g/80 ml), and the supernatant was vortexed
and mixed. The supernatant was taken after high-speed
(12000 r/min, 4°C) centrifugation for 10 min and filtered
by 0.22 um filter membrane. The dosage for the mice was
calculated based on the surface area of a 60 kg human
body. Low-dose: medium-dose: high-dose, according to
1:2:4.

2.2. Animal

20 female C57BL/6 mice and 10 male A/J mice (aged
6-8 weeks; weight 17.0-20.0 g) were purchased from Aca-
demy of Military Medical Sciences, China [certification
NO. SCXK (JUN) 2007-004]. The total of mice were fed in
the laboratory Animal Research Center of the Jiangsu Re-
search Institute of Traditional Chinese Medicine [Nanjing,
China; certification no. SYXK (SU) 2016-0018]. The ani-
mals were housed in a controlled environment (tempe-
rature of 23+2°C, relative humidity 42+5%, and 12:12 h
light-dark natural cycle) and had adlib access to drinking
water and food. Mice were allowed to be acclimated to
the laboratory environment at least one week before treat-
ment. The first generation (B6AF1) of hybrid mice was
obtained by mating C57BL/6 and A/J mice. B6AF1 mice
were studied at 6-8 weeks of age. The present study was
ethically approved by the animal care ethics committee of
Jiangsu Province Academy of Traditional Chinese Medi-
cine (Nanjing, China).

2.3. Pharmacology network construction

The total chemical ingredients of BSHXF were scree-
ned in the Traditional Chinese Medicines for Systems
Pharmacology Database and Analysis Platform(TCMSP)
[18] and related literature. The thresholds of active ingre-
dients screening by the following criteria: Oral bioavai-
lability (OB) > 30%, Drug likeness > 0.18. Among these
factors, OB represents the percentage of unmodified drugs

that enter the circulatory system after oral administration
[19]. DL refers to “Drug-like” which assesses the ability of
a compound to modulate its target [20].

The targets of these activated ingredients were obtained
from the databases, including the OMIM database (http://
omim.org/), GeenCards database (https.//www.genecards.
org/) and DisGeNET database (https://www.disgenet.org/
web/DisGeNET/menu/home). Then the intersection genes
were selected by the drug targets and disease targets. The
Cytoscape 3.7.0 cluster cytoNCA and Bisogenet were used
to analyze the hub genes. The hub genes were identified by
the criteria: degree >61, betweenness > 6000. The SDF
format of compound was downloaded from the PubChem
database and then converted into the mol2 format file. The
protein structures were downloaded from the RCSB PDB
network. The hub genes GO and KEGG were analysised
by the clusterprofile package.

The crystal structure of AKT (PDB, id: 2vuk) was ob-
tained from Protein Data Bank (www.rcsb.org), one hub
gene in the PPI network. Then the chemical structure of
52 BSHXF active ingredients was downloaded from the
PubChem database (https://pubchem.ncbi.nlm.nih.gov/)
(listed in Supplementary Table 2). Then the 3D structure
of the 52 active compounds were drawn by Chem3D 19.0
software. The MM2 algorithm is used for energy minimi-
sation and the minimum RMS convergence parameter is
set to 0.01. Then the total compounds of BSHXF were sa-
ved as “mol2” files. The target protein receptor molecule is
hydrogenated and charge calculated by SYBYL X-2.0, and
the ligand and target protein receptor are converted into a
"pdbqt" parameter file and the appropriate box centre and
box point parameters are set. Dehydration and removal
of organic matter, hydrogenation and charge calculation
of the target protein receptor molecules were carried out
using SYBYL X-2.0 software.

2.4. Ovarain follicle count and apoptosis analysis
Ovaries were fixed with 4% formaldehyde solution at
room temperature. Dehydrated in gradient ethanol and
embedded in paraffin. Serial paraffin-embedded ovarian
tissue sections (5 um) were prepared for HE staining and
immunohistochemistry respectively. De-paraffinization by
gradient xylene and ethanol solution method, hematoxylin
staining for 2 min and then rinsed in distilled water. Then
the sections were stained with eosin staining for 3 min.
IHC: Tissue sections for antigen repair, EDTA (pH 8.0)
soaked at 56 degrees for 15min, naturally cooled and sha-
ken 3 times for Smin each in PBS (pH 7.4). The primary
antibody was incubated at 4°C overnight and the secon-
dary antibody was incubated at room temperature for 50
min, followed by PBS washes 3 times. According to the
manufacturer instructions, the slides were stained by DAB
kit (Jiangsu Shitai Experimental Equipment Co, China).
The primary antibodies used for IHC as follows: Cas-
pase3 (221248, 1:200), BAX (14796, 1:500), and BEL-2
(196495, 1:500). The slides were then scanned and pho-
tographed using ortho-mounted fluorescent microscope
imaging system (Nikon Japan). IHC staining was scored
by two independent pathologists at the same time.Cas-
pase3, BAX and Bcl-2 were detected in the cytoplasm. A
semiquantitative scoring criterion was adopted to record
the positive areas and the staining intensity of 3 proteins.
The product of the intensity of positive staining (weak, 1;
moderate, 2; strong, 3) and the proportion of positive cells
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of interest(0%, 0; <25%, 1; 26-50%, 2; 51-75%, 3; >76%,
4) constitutes the staining index (values 0-12).

2.5. ELISA assay of sex hormone levels

Steroid hormone detection by ELISA. At room tempe-
rature, blood was clotted for 2 hours. Centrifuge for 20
minutes (3000 rpm/minutes) and collect the supernatant li-
pid. FSH, LH, E2 and AMH assays were performed accor-
ding to the instructions of the enzyme-linked bioreagent
kit respectively. The OD value was detected by 450nm
wavelength light (American BioTek Enzyme Labeler).
All ELISA kits were purchased from the mobio company:
ml001910, ml063366, ml063198 and ml037597 respecti-
vely.

2.6. Transcriptome sequencing and analysis

Total RNA was isolated and purified using TRIzol
reagent (Invitrogen, USA) following the manufacturer's
procedure. The RNA amount and purity of each sample
were quantified using NanoDrop 1000 (NanoDrop, USA).
The cleaved RNA fragments were reverse-transcribed to
create the cDNA by SuperScript I Reverse Transcriptase
(Invitrogen, USA), which was next used to synthesise U-
labeled second-stranded DNAs with E. coli DNA poly-
merase [ (NEB, USA), RNase H (NEB, USA) and dUTP
Solution (Thermo Fisher, USA). Meanwhile, an A-base is
added to the blunt ends of each strand, preparing them for
ligation to the indexed adapters. After the heat-labile UDG
enzyme (NEB, USA) treatment of the U-labeled second-
stranded DNAs, the ligated products are amplified with
PCR by the following conditions: initial denaturation at
95°C for 3 min; 8 cycles of denaturation at 98°C for 15
sec, annealing at 60°C for 15 sec, and extension at 72°C
for 30 sec; and then final extension at 72°C for 5 min. At
last, we performed the 2x150 bp paired-end sequencing
(PE150) on an Illumina Novaseq 6000.

Different expression (DE) genes analysis was perfor-
med with R package edgeR negative binomial distribution
[21]. The DE mRNAs were screened based on the criteria:
|fold change|> 1.2 and P-value < 0.05 between BSHXF vs
Model and Model vs Control groups separately. Then the
overlapping genes were visualized by the Veen diagrams
in the Lianchuan platporm. The total of genes was used
for the GO and KEGG pathway analysis in the LianChuan
Biowebsite platform (https://www.omicstudio.cn/tool).

2.7. Western Blotting

The total protein of ovary tissue was extracted from
RIPA lysate (R0010) containing 1% protease inhibitor
(HY-K 0010,1:100) and 1% phosphorylated protease inhi-
bitor (HY-K0020, 1:100). The tissue lysate was clarified
by centrifugation at 12000 rpm for 10 min at 4°C, and then
collected the supernatant. Collected proteins were quanti-
fied by a BCA protein assay. The concentration of protein
samples was diluted to 5 ug/ml. All protein samples were
stored at -80°C for vertical electrophoresis. For 20-110
kDa proteins,30 ug protein(about 6 ul) were loaded on
10% polyacrylamide SDS gel, and vertical electrophoresis
was run at 80-V for 1.5 h at room temperature (Bio-Rad
Laboratories). Under ice bath conditions, proteins were
transferred to polyvinylidene fluoride membranes (PVDF)
at 230 mA for 2 h. Then PVDF membranes were blocked
with 5% BSA for 1 h.

All primary antibodies were incubated at 4°C for 12 h
followed by secondary antibodies for 2.5 h at room tempe-
rature. The membranes were washed 3 times and visualized
by ECL luminescent. The concentration of Primary anti-
protein antibodies were listed: p-PI3K (AF3242, 1:1000),
PI3K (4257, 1:1000), p-AKT (CST, 1:1000), AKT (4685,
1:1000), B-action (200068-8F10, 1:10000). The secondary
antibody were list: Goat against rabbits (511203, 1:3000).

2.8. Statistical analysis

Three biological replicates were required for each
experiment, P<0.05 was considered statistically different,
and P<0.001 was considered significantly different. Sta-
tistical comparison between groups was determined using
one-way analysis of variance (ANOVA) followed by Dun-
nett’s multiple-comparison test. All data are presented as
the mean+SEM with GraphPad PRISM 8.0 (GraphPad,
LA Jolla, CA, USA).

3. Results
3.1. BSHXF regulates sex hormone levels in a mouse
model of immune ovarian premature failure

E2, FSH, LH, and AMH were the diagnostic markers
according to the ESHRE Guideline: management of wo-
men with premature ovarian insufficiency [22]. According
to the ESHRE Guideline, amenorrhea or oligomenorrhea
with high FSH and low E, are the main features of POL
In the present study, the total serum concentration of FSH
was higher in the model group than in the control group.
FSH was lower significantly in the BSHXF-H, BSHXF-
M and Estrogen groups (Figure 1F). Nevertheless, the
serum concentration of LH has no statistically signifi-
cant difference (Figure 1E). The serum concentrations of
E, and AMH were lower in the model group than in the
control group. The concentration of E, was elevated in
the BSHXF-H group (Figure 1D). The serum concentra-
tion of AMH was significantly elevated in the BSHXF-
H, BSHXF-M and Estrogen group (Figure 1G). Besides,
the body weight loss was reduced after BSHXF-H and
BSHXF-M compared to the control and BSHXF-L groups
(Figure 1B). Meanwhile, mouse ovarian index was higher
in the BSHXF-H and BSHXF-M groups than in the model
group (Figure 1C). Thus, high-dose and middle-dose BS-
HXF could regulate the sex hormone levels in the B6AF1
mouse.

3.2. BSHXF regulates the number of growing follicles
and ovarian index in different groups

BSHXF-H and BSHXF-M could upregulate the num-
ber of primordial, primary and secondary follicles in vivo
of B6AF1 mice. In the B6AF1 model group, the number
of primordial, primary and secondary follicles was signi-
ficantly lower than that of control group (Figure 2A-C).
BSHXF-H and BSHXF-M could improve the number
of primordial, primary and secondary follicles. BSHXF-
H, BSHXF-M and Estrogen group had a higher level of
secondary follicle numbers compared to control group
(Figure 2C). Besides, BSHXF-H and BSHXF-M have a
lower number of atretic follicles compared to model group.
Therefore, we conclude that both medium and high doses
of BSHXF are functional to improve primordial follicle
activation in mice.
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Fig. 1. BSHXF regulated the serum sex levels, body weight and the
number of follicles in the B6AF1 mouse. (A) The schedule of the
model construction and BSHXF treatment in the POI mouse. (B)
Time course of the body weight of the B6AF1 mice in response to the
BSHXEF treatment. (C) High-dose and middle-dose of BSHXF could
elevate the ovarian index. (D) The serum E2 concentration was higher
in the high-dose BSHXF group. (E) No statistical differences in LH
levels among the groups. Higher FSH (F) and AMH (G) serum levels
in the High-dose and middle-dose groups were significantly compared
to the model group. Haematoxylin and eosin (HE) staining analysis
of mouse ovarian tissue (HE staining x5, x40). (L) the number of
primordial follicles (H), the number of primary follicles (I), the num-
ber of secondary follicles (J), and the number of atretic follicles (K).
BSHXF-H: 63.07 g/kg/d, BSHXF-M: 31.53 g/kg/d, BSHXF-L: 15.77
g/kg/d, Estradiol: 0.183 mg/kg/d; ¥*P<0.05, *¥P<0.01, ***P<0.001, vs

control. #P<0.05, ##P<0.01, ###P<0.001, vs. model (ANOVA).

3.3. Combining Network Pharmacology and Transcrip-
tome sequencing to predict the drug target of BSHXF

In order to study the effect of compound BSHXF in the
treatment of POI, we combine network pharmacology and
transcriptomics to screen the potential targets. In this study,
a total of 51 active ingredients and 145 active targets (sha-
red by POl-targets and drug-related targets) were identi-
fied based on the network pharmacology approach (Figure
3A). To further research the molecular mechanism of the
effect of BSHXF on POI, a network between 51 active
components and the shared targets was constructed using
Ctyoscape 3.7.0 (Figure 3B). These 145 shared genes were
performed with Gene Ontology (GO) and KEGG pathway
analysis (Figure 3C and D). KEGG analysis showed that
TNF-a, Apoptosis, Toll-like receptor signaling pathway,
Estrogen signaling pathway, PI3K-Akt signaling pathway
et.al were the critical pathways.

To further identify the targets of system network
pharmacology analysis, transcriptomics was conducted.
Different expression genes (DEGs) analysis by the P-va-
lue<0.05 and |log2(fold change)| >1 genes were identi-
fied in the Model VS Control. DOWN group; 520 genes
were selected in the Model VS Control. UP group; 608
genes were screened in the BSHXF VS Model. DOWN
group; 667 genes were identified in the BSHXF VS

Model. UP group (Figure 3A).144 common genes were
screened between BSHXF VS Model. UP and Model VS
Control. DOWN groups. 251 common genes were identi-
fied between BSHXF VS Model. DOWN and Model VS
Control. UP groups (Figure 3B). The heatmap is presented
by the FPKM of 395 DEGs (Figure 3C). GO and KEGG
pathway enrichment analysis of 391 DEGs were perfor-
med by DAVID and visualized by Omicshare (https://
www.omicshare.com/tools/). Totally, we found that apop-
tosis, NF-kb pathway and PI3K-AKT pathway were en-
riched in system network pharmacology and transcripto-
mic analysis.

3.4. BSHXF attenuates the apoptosis of ovarian granu-
losa cell via the PI3K/AKT pathway

To further identify the target of BSHXF in the immune
premature ovarian insufficiency, PI3K and AKT were exa-
mined by western bloting. Tunel staining demonstrated
that more apoptosis occurred in the granulosa cell layer of
ovary in the model group compared to the control group
(Figure 4 A-C). BSHXF-H and BSHXF-M have a lower
number of TUNEL-positive cells in the area of granulosa
cell layer (Figure 4 C). Compared to the normal group,
the expression of Bax and Caspase3 was higher in the
model group and the low-dose BSHXF group (P<0.05)
(Figure 4A-B). High-dose and medium-dose BSHXF

Fig. 2. Network pharmacology reveals the potential targets of BS-
HXF for POI mice. (A) A total of 145 common genes were screened
between TCMSP database (BSHXF targets) and genecards database
(POI targets), red circles represent TCMSP database, and blue circles
represent genecards database. (B) Relationship between BSHXF tar-
gets and common genes, dark green: the common genes, light green:
Phellodendri Chinrnsis Cortex, dark red: Radix Bupleuri, light pink:
multiDrugs, dark pink: Anemarrhenae Rhizoma, grey: Epimrdii
Herba, yellow: Cuscutae Semen, dark blue: Radix Bupleuri. (C) The
hub genes were identified by the Cytoscape cytoNCA and Bisogenet,
with the criteria: DC>61, BC>6000, and the pink box represented the
seed genes. (D) For the top 20 GO pathways, red represents greater
P-value, and blue represents smaller p-value. (E) The top 20 KEGG
pathways. All pathways were sorted by P-value. dark blue represents

smaller P-value, and yellow represents greater P-value.
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Fig. 3. Transcriptomic analysis of the potential mechanism of
BuShenHuoXue formula for the treatment of POI. (A) Different ex-
pression genes (DEGs) analysis by the P-value<0.05 and [log2(fold
change)|>1, red box represents upregulated genes, green box repre-
sents downregulated genes. (B) Veen diagram shows the DEGs genes
in different groups. (C) Heatmap of mRNA expression profile in the
3 different groups. Red squares represent upregulated genes; Green
squares represent downregulated genes. (D) GO analysis of DEGs.
Blue box, biological process; green box, cellular component; orange

box, molecular function. (E) The top 20 KEGG analysis pathways.

Fig. 4. BSHXF could decrease apoptosis of ovarian granulosa cells re-
lated to PI3K-AKT pathway. (A) Effect of BuShen-HuoXue formula
(BSHXF) on the expression of caspase3, Bax, BCL-2 proteins ana-
lysised by Immunohistochemistry staining. (B) Mean optical density
of Caspase3, Bax and BCL-2. (C) BSHXF decreases the positivity
of Tunel staining cells, apoptosis occurs mainly in the granulosa cell
area of ovary (green). Green fluorescence represents TUNEL-positive
cells under microscope. Nuclear was stained by the DAPI (x400). (D)
3D molecular docking diagrams of active ingredients and AKT. Anhy-
droicaritin and AKT. Isorhamnetin and AKT. Kampferol and AKT.E.
The expression of p-PI3K, PI3K, p-AKT, and AKT, were detected by
Western Blot. B-action protein was used as internal reference (n=3).
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could decrease the expression of Bax and Caspase3 levels.
Meanwhile, immunohistochemical staining showed that
the expression of BCL-2 levels were lower in the model
and BSHXF-L groups compared to the other groups (Fi-
gure 4C).

The expression of p-PI3K and p-AKT were significant-
ly higher in the high-dose and medium-dose BSHXF than
in the model group. While the expression of t-PI3K and
t-AKT proteins did not differ among the 6 groups (Figure
4E-F).

4. Discussion

Increasing numbers of studies showed that Bushen-
huoxue Formula is a promising treatment for POI [15,
23-25]. Recently, a mouse model of exogenous of ZP3-in-
duced premature ovarian insufficiency was constructed to
explore the mechanism of autoimmune premature ovarian
failure usually [26, 27]. Presently, we found that BSHXF
could increase the body weight, mouse ovarian index, and
ovarian follicle numbers in the ZP3-induced POI mice
model. Moreover, BSHXF could reduce the serum FSH
level and elevate serum E2 and AMH levels. The expres-
sion of caspase3, BAX and TUNEL-positive staining were
lower in the BSHXF-treatment POI group compared to the
ZP3-induced model group. Besides, combining the system
network pharmacology and transcriptomics, we found that
PI3K-AKT was the common gene. Meanwhile, the ratio of
p-PI3K/PI3K, p-AKT/AKT were higher in high-does and
medium-dose BSHXF treatment. All data suggested that
PI3K-AKT may be the main pathway of BSHXF for the
treatment of autoimmune POL.

The ovarian granulosa cell apoptosis could decrease
the production of estrogenl7-f required for maturation
and development in the ovary [28]. The hypo-estrogen
level may trigger mitochondria-mediated caspase pathway
in the ovarian microenvironment [29]. In our present stu-
dy, we found that the level of E2 was significantly ele-
vated after BSHXF treatment in the serum. Elevated E2
levels could induce positive feedback to decrease the FSH
level [30]. For a long time, FSH has been considered to
be a candidate biomarker to describe the reproduction that
stimulates folliculogenesis [31]. Compared with younger
ovulatory women, higher FSH levels were observed in the
older ovulatory women parallel with the decreased oocyte
quantity and quality [32, 33]. Moreover, the rise in FSH le-
vels precedes the fall in steroid hormone levels [34]. Pres-
ently, FSH levels were elevated in the autoimmune B6AF1
mice model while the expression were decreased in the
high-dose BSHXF and medium-dose BSHXF groups. We
speculate that BSHXF could inhibit the apoptosis of the
ovarian granulosa cell via decreasing the FSH levels and
elevating the E2 levels.

Some studies have shown that Chinese traditional treat-
ment modalities for anti-apoptosis improve the expression
of PI3K-AKT-mTOR pathway [35, 36]. The PI3K/AKT/
mTOR signaling pathway could inhibit the activation of
BCL-2 family members, as well as inactivating caspase3
[37, 38]. Additionally, a recent study showed that upre-
gulation of PI3K/AKT could improve number of primor-
dial follicles, primary follicles and secondary follicles in
autoimmune premature ovarian insufficiency mice model
[39]. Kaempferol, Isorhamnetin and Anhydroicaritin were
identified as representative compounds of BSHXF and
molecular docking showed good binding between these
compounds and AKT. Kaempferol was found in Tusizi, Yi-
nyanghuo, Baishao, Chaihu and zhimu. One study showed
that Kaempferol could enhance the phosphorylation of
PI3K and Akt, which may stimulate the anti-apoptotic
signals and anti-oxidation in liver cells [40]. We surmise
that Kaempferol may be one potential drug compound for
the treatment of POI, which relieves the production of
ROS via activing PI3K-Akt pathway.

According to the TCMSP database, Isorhamnetin is a
flavonoid that is widely distributed in Tusizi and Chaihu.
Meanwhile, Anhydroicaritin was mainly found in Yinyan-
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ghuo and zhimu. Recent study found that Isorhamne-
tin could inhibit GC apoptosis via activating PI3K/AKT
which regulates steroidogenesis [41]. Anhydroicaritin had
a very poor binding affinity with estrogen receptors [42].
Our study found that Isorhamnetin and Anhydroicaritin
showed strong binding affinities to AKT. Anhydroicaritin
could suppress the SREBPs activation which alleviates
insulin resistance [43]. SREBP-2 was identified as an indi-
rect target of AKT in neurons [44]. Therefore, Anhydroi-
caritin and Isorhamnetin bind to AKT and thus regulate
SREBP-2, which has important research value in the treat-
ment of immune premature ovarian failure.

However, there are some deficiencies in our study at
present. Inflammation-related cell clarity experiments
need further implementation.PI3K inhibitor should be ad-
ded to further validate our suspicions. Moreover, Kaemp-
ferol, Isorhamnetin and Anhydroicaritin were further iden-
tified in the treatment of autoimmune POL.

5. Conclusion

Our results demonstrated that BSHXF could inhibit the
granulosa cell apoptosis via upregulating the PI3K/AKT
pathway to increase ovarian reverse. Meanwhile, Kaemp-
ferol, Isorhamnetin and Anhydroicaritin may be the po-
tential active compounds of BSHXF for the treatment of
immune premature ovarian insufficiency via regulating the
PI3K-AKT pathway.
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