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Background and aim: The purpose of this study is to explore whether the Xiaozheng pill (XZP) has the
effect of anti-hyperplasia of mammary glands (HMG) and to identify the related signaling pathways.
Experimental procedure: We analyzed the effective chemical components of the XZP, as well as the key
chemical components, key proteins, main biological processes, and pathways in the treatment of HMG;
Secondly, the levels of Estradiol (E2), Follicle-stimulating hormone (FSH), Luteinizing hormone (LH),
Progesterone (P), Raf/ERK/ELK and HIF-1a/bFGF pathways related proteins were detected; Finally, the
effect of XZP on metabolites was analyzed by metabolomics.
Results and conclusion: In this study, we identified key targets and pathways for XZP therapy of HMG,
including EGFR, VEGFA, ER, and Ras signaling pathways. Animal experiments show that XZP can reduce
the levels of E2, LH, and FSH and increase the expression of P in HMG mice. XZP can restore the normal
structure of breast tissue and reduce ERa, ERb, and PR expression in breast tissue. In addition, metab-
olomics results show that XZP also regulates HMG metabolites, including HIF-1a and metabolic path-
ways. The Western blot results showed that XZP intervention can reduce the protein expression of p-
Raf1, Raf1, p-ERK1/2, ERK1/2, ELK, HIF-1a, and bFGF in the breast tissue of HMG mice. XZP may eliminate
abnormal breast hyperplasia through inhibition of apoptosis and angiogenesis, which may be linked with
the regulation of the Raf/ERK/ELK and HIF-1a/bFGF signaling pathways in HMG mice. These results
suggest that XZP treatment may be beneficial for the management of HMG.
© 2023 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

Hyperplasia of mammary glands (HMG), also known as cystic
hyperplasia, lobular hyperplasia, or structural dysplasia of mam-
mary gland, is closely related to mammary ducts, fibrous tissue, or
acinus hyperplasia.1,2 The incidence rate of HMG in China is about
40%, which is mainly found in 25-to 45-year-old women and
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accounts for >70% of all breast diseases that occur among middle-
aged women.3,4 The main manifestations of HMG are breast pain
and breast lumps, or nipple discharge.5 Researchers have identified
that the periodic imbalance of progesterone (P) and estrogen (E2)
levels and the stimulation of E2 on breast tissue are the principal
reasons for the occurrence of HMG.6 HMG is closely related to
breast cancer, and its cumulative canceration rate of HMG in 7 years
is about 9.9%.7,8 With the incidence rate of HMG increasing year by
year, the early diagnosis and treatment of HMG are extremely
important and have positive significance in preventing breast
cancer.9,10 Nevertheless, the exact mechanism and etiology of
triggering these key hormone and metabolic disorders of HMG
remain largely unknown. In the last decade, metabolomics has
been extensively used in the study of disease-related metabolites,
which provides an important contribution to the study of metabolic
diseases.11
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In recent years, traditional Chinese medicine (TCM) has gradu-
ally become the first choice for the treatment of HMG because of its
exact curative effect and high safety.12 As a TCM formula for the
treatment of HMG in clinical practice formany years, the Xiaozheng
pill consisted of 11 herbal medicines, including Radix Bupleuri,
Cyperi Rhizoma, Radix Rhei Et Rhizome, Citri Reticulatae Pericarpium
Viride, Chuanxiong Rhizoma, Curcumae Rhizoma, Ground Beetle, Fri-
tillariae Thunbrgii Bulbus, Angelicae Sinensis Radix, Paeoniae Radix
Alba, Vaccariae Semen. The chemical composition of XZP has been
elucidated in 11 batches of XZP drugs through high-performance
liquid chromatography and mass spectrometry techniques in
early studies.13 Previous clinical studies have proved that the XZP
has a good therapeutic effect on HMG, and the total effective rate is
86.43%.14 After treatment with XZP, the size, and distribution of
breast mass gradually reduced, and the hardness of the mass
decreased.15 As a new research method, metabolomics has attrac-
ted more and more attention in recent years.16 In metabolomics
research, metabolite analysis can be used to determine metabolites
and physiological states, and ultimately understand the potential
biological mechanism.17,18 However, based on metabolomics data,
there is still a lack of a rapid evaluation of the potential of XZP.

Previous studies have confirmed the clinical efficacy of XZP, but
its potential anti-HMG mechanism and related pathways remain
unclear. Therefore, we established amousemodel of HMG based on
estradiol benzoate and progesterone to investigate the protective
effect and its mechanism of XZP on estrogen-induced HMG. In
addition, quantitative methods were used to investigate the effect
of XZP on the expression of endogenous small molecule metabo-
lites in HMG models and to explore the effect of XZP on estrogen-
induced metabolites in HMG mice.
2. Methods and materials

2.1. Network pharmacology analysis of XZP in treating HMG

2.1.1. Screening and target prediction of active components in XZP
We refer to the previous network pharmacology research

methods for operation,19 in particular, all the ingredients in XZP
were obtained through two databases: TCMSP (https://tcmspw.
com/tcmsp.php), and TCMID (http://119.3.41.228:8000/tcmid/).
The related active components were screened by oral bioavail-
ability (�30%) and drug-likeness (�0.18). Then, the relationship
network between traditional Chinese medicine and its active
components in XZPs was constructed by using the software of
Cytoscape 3.6.0. In addition, the TCMSP platform and PubChem
database were used for searching the corresponding targets of
active ingredients in XZPs. Ultimately, target gene information was
standardized through the UniProt website (https://www.uniprot.
org/), and genes without UniProt ID of human samples was
eliminated.
2.1.2. Screening of key targets of XZP in treating HMG
With "hyperplasia of mammary glands" as the keyword, we

searched in the OMIM (https://omim.org/) and GeneCards database
(https://www.genecards.org/). Then we combined the results and
standardized the gene information through the UniProt website to
construct the target data set of breast hyperplasia. Through Venny
2.1.0, the corresponding targets of active ingredients in XZPs were
integrated with HMG targets to construct Venn Diagram. Subse-
quently, the protein-protein interaction (PPI) figure of the corre-
sponding targets of active components of XZP and HMG disease
targets was constructed online using the STRING database (https://
www.string-db.org/), and the topological analysis was further car-
ried out by Cytoscape 3.6.0 software.
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2.1.3. Gene functional analysis of drug targets and HMG disease
targets in XZP

Bioinformatics analysis was used to analyze the gene function of
the corresponding target of XZP and the common target of HMG
disease. Specifically, the DAVID Database (https://david.ncifcrf.gov/
) was used for target gene ontology (GO) analysis, and the Kyoto
Encyclopedia of Genes and Genomes (KEGG) for signal pathway
enrichment analysis. Using P < 0.05 as the screening criteria, the
biological process (BP) and KEGG signaling pathwaywere obtained.

2.2. Efficacy and mechanism of XZP in treating HMG in mice

2.2.1. Animals and treatments
C57BL/6JNifdc female mice (6e8 weeks) were obtained from

Beijing Vital River Laboratory Animal Technology Co., Ltd. (Beijing,
China). The mice were housed in the specific pathogen-free (SPF)
environment at the Beijing University of Chinese Medicine (BUCM)
with free access to water and chow. All operations in this study
were approved and reviewed by the Animal Care Committee of
BUCM.

C57BL/6JNifdc mice were randomly divided into the normal
group (NC, n ¼ 15), HMG model control group (HMG, n ¼ 15),
Tamoxifen group (Tam, n¼ 15), XZP high-dose group (XZH, n¼ 15),
XZP medium-dose group (XZM, n ¼ 15), and XZP low-dose group
(XZL, n¼ 15). Except for the normal group, the other groups refer to
the 2017 Chinese Society of TCM published "mammary gland hy-
perplasia animal model preparation specification": establish HMG
model by intraperitoneal injection of estradiol benzoate and pro-
gesterone.20 Then, according to the human and animal drug dose
conversion coefficient table,21 the drug was administered by
gavage. The mice in the Tam group were daily administrated with
Tam at a dosage of 3.9 mg/g/d by gavage. The mice in XZH, XZM, and
XZL groups were daily gavaged with 1.8, 0.9, and 0.45 mg/g/d of
XZP, respectively. The mice in HMG and NC groups were orally
administrated with an equal volume of distilled water. All the mice
were gavaged continuously for 30 days.

2.2.2. Effect of XZP on organ index and hormone in HMG mice

2.2.2.1. Organ index and serum hormone analysis. After 30 days of
intervention, the mice were weighed before being euthanized, and
the breasts, spleen, liver, kidney, uterus, and accessories of mice in
each groupwere extracted. Theweight of each organwasmeasured
and recorded, and the organ index was calculated22:

Organ index ¼ (Worgan � 10)/ Wbody

We randomly selected 9 mice from each group for serum hor-
mone analysis. The blood samples were collected by the eyeball
extraction method and then centrifuged at 3000r/min to separate
the serum, which was stored for subsequent experiments. Serum
levels of luteinizing hormone (LH), E2, P, and follicle-stimulating
hormone (FSH) were measured by ELISA (ImmunoWay, USA).

2.2.2.2. H&E staining of liver and breast in HMG mice. Liver and
breast tissues were immersed in 10% neutral formalin for 3 days,
and further dehydration and transparency with different concen-
trations of ethanol (50e100%) and xylene.23 Then they were
embedded in paraffin overnight and sectioned of ~5-mm thickness
for the H&E staining. Subsequently, the Olympus bx53 scanning
system (Tokyo, Japan) was used for the histopathological exami-
nation of liver and breast tissue sections, including the structure
and morphology of the acinar cavity and duct in the breast. In
addition, the liver tissue was also evaluated to further verify the
safety of the XZP.

https://tcmspw.com/tcmsp.php
https://tcmspw.com/tcmsp.php
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2.2.2.3. Metabolomics analysis of XZP in treating HMG mice.
We randomly selected 6 mice from each group for serum metab-
olomics analysis. First, we centrifuged the blood samples of each
mouse for 10 min (5000 rpm, 4 �C) to obtain the serum. Further-
more, methanol was added to each sample at a ratio of 1:3 (V/V),
and the protein was obtained by rotating for 10 min and centri-
fuging for 15 min (10000 rpm, 4 �C). The supernatant was then
transferred to a clean centrifuge tube and dried at 40 �C under mild
nitrogen flow. Finally, 200 m L methanol was used to recombine the
dried residue for metabolomics analysis. Briefly speaking, we used
Thermo Scientific Dionex Ultimate 3000 UHPLC plus for metab-
olomics analysis. All analyses were equipped with a 2.1 � 100 mm
BEH 1.7 mMC18 column. According to previous studies, biomarkers
were screened.24 By setting parameters: injection volume 2 m 50.
Flow rate 230 m The column temperature was 30 �C. The mobile
phases were 0.1% formic acid aqueous solution (a) and 0.1% formic
acid acetonitrile solution (b). To collect metabolites. Finally, the
metabolomics data were collected by Fourier transform high-
resolution full scan.

2.2.2.4. Immunohistochemical staining of breast tissue in HMG mice.
Immunohistochemical (IHC) staining was done according to the
instructions on the kits. Briefly, 5-mm sections of demineralized and
paraffin-embedded breast were kept in the oven at 60 �C for 4 h and
sequentially treated with xylene, descending graded ethanol (100-
70%), antigen retrieval solution (ZSGB-BIO, Beijing, China), and 3%
H2O2 (30 min). Then, the slides were rinsed and incubated with a
primary antibody [ERa (1:400), ERb (1:50), PR (1:300), PBS (1:50)]
at 4 �C. For the negative controls, the primary antibody was
replaced by nonimmunized goat serum. Fifteen hours later, the
slides for IHC staining were rinsed and incubated with the corre-
sponding secondary antibodies (Proteintech, USA) for 1 h followed
by DAB and hematoxylin staining, respectively. Finally, the slides
were examined and photographed using an Olympus BX53 mi-
croscope (Tokyo, Japan) and analyzed by Image software.

2.2.2.5. Western blot analysis. After the mice sacrifice, the breast
tissue was homogenized and extracted in RIPA buffer containing a
protease inhibitor cocktail (R0020, Solarbio, Beijing, China), and the
protein concentration was determined by a BCA kit (BC3710,
Solarbio, Beijing, China). A total of 20 mL breast protein samples
were separated by 10% SDS-PAGE electrophoresis and then trans-
ferred onto a PVDF membrane at 100 V for 60 min (Bio-Rad, USA).
After being blocked with 5% skimmed milk in TBST for 1 h at room
temperature, the PVDF membranes were then incubated with the
appropriate primary antibodies [HIF-1a (1:500, ab1, Abcam, USA),
Raf1 (1:1,000, ab50858, Abcam, USA), bFGF (1:1,000, 05e118, Mil-
lipore, USA), p-Raf1 (1:1,000, ab173539, Abcam, USA), p-ERK1/2
(1:1,000, ab201015, Abcam, USA), ERK1/2 (1:1,000, 16443-1-AP,
Proteintech, USA), ELK (1:1,000, ab32106, Abcam, USA)] overnight
at 4 �C. The next day, after rinsing the PVDF membrane with TBST
for 30 min, and then PVED membranes were incubated with the
corresponding horseradish peroxidase-labeled secondary antibody
(1:1,000, KGAA35, KeyGEN, China) at room temperature for 2 h.
Positive bands were visualized with enhanced chemiluminescence
liquid and quantified using the Image J software. GAPDH (1:1,000,
ab181602, Abcam, USA) as the internal control.

2.3. Statistical analysis and metabolomics data analysis

This study used GraphPad Prism 8.1 software to analyze the
data. All results were expressed as mean ± SD. When the homo-
geneity and normality of variance are satisfied, one-way ANOVA is
used to evaluate the data in multiple groups. If not, Dunnett's T3
and nonparametric tests were performed. P < 0.05 was considered
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statistically significant. In addition, the original data of metab-
olomics were analyzed using the version 2.1 software package.
Using SIMCA-P13.0 software to conduct principal component
analysis. Furthermore, the cluster analysis of different metabolites
was performed by using the multi-experiment viewer (V4.8, TIGR).

3. Results

3.1. Active components and target of XZPs in the treatment of HMG

According to the target information of active ingredients in
TCMSP and TCMID database, combined with STP and superspeed
target prediction results, a total of 123 targets of active ingredients
in XZP were collected. Subsequently, by searching GeneCards,
DisGeNET, and OMIM databases, 4656 targets of HMG were ob-
tained. By matching drug-related targets with disease-related tar-
gets, 99 possible targets of XZP in treating HMG were obtained
(Fig. 1a), and the active ingredient disease target network was
further constructed (Fig. 1b). Sort according to the degree value, the
top 10 active components were quercetin, luteolin, kaempferol,
nobiletin, stigmasterol, isorhamnetin, isorhamnetin, b-Sitosterol,
naringenin, pelargonidin, and aloe-emodin.

Subsequently, we constructed the PPI of 99 possible targets of
XZPs in treating HMG through the STRING database (Fig. 1c). The
PPI network consists of 99 nodes and 991 edges. After topological
analysis of the targets (Fig. 1d and e), the core targets obtained
include epidermal growth factor receptor (EGFR), interleukin 6
(IL6), vascular endothelial growth factor A (VEGFA), caspase 3
(CASP3), vascular endothelial growth factor A (VEGF), Mitogen-
activated protein kinase 8 (MAPK8), Myc proto-oncogene protein
(MYC), estrogen receptor (ESR1), G1/s-specific cyclin-D1 (CCND1),
proto-oncogene c-fos (FOS), Receptor tyrosine-protein kinase erbB-
2 (erbB2) and so on.

3.2. GO and KEGG pathway of XZPs in the treatment of HMG

We performed GO enrichment analysis of the biological process
for 99 targets, with p < 0.05 as the screening criterion, 1338 items
related to HMG were obtained, of which the closely related items
include (Fig. 2a): response to a steroid hormone, response to
xenobiotic stimulus, response to acid chemical, response to ketone
(GO:1901654), response to the metal ion. Therefore, we speculate
that XZP plays an anti-HMG role mainly through the above bio-
logical processes. In addition, 17 HMG-related pathways were ob-
tained by KEGG pathway enrichment analysis (Fig. 2b), including
MAPK, HIF-1, p53, Ras, ErbB, FoxO (Fig. 2c), and NF-kappa B
signaling pathway (Fig. 2d). Based on those pathways above, the
anti-HMG effect of the XZP may be the result of a complex multi-
pathway synergetic effect.

3.3. Safety evaluation of XZP intervention in HMG mice

To evaluate the safety of the XZP in the treatment of HMG, we
measured the levels of indexes of various organs in HMG mice. As
shown in Fig. 3a, after 30 days of treatment, the Uterus and Spleen
indexes of mice in the HMG group were markedly enhanced
(P < 0.05), and the kidney and liver indexes were distinctly lowered
(P < 0.05) compared with the control group. Simultaneously,
compared with the HMG model group, the Uterus and Spleen in-
dexes of each XZP treatment group were notably suppressed
(P < 0.05), and the kidney and liver indexes were boosted (P < 0.01).
The results indicate that the XZP improved the organ indexes in the
Uterus, Spleen, kidney, and liver in HMG mice.

In addition, we used liver histopathological examination to
further evaluate whether XZP intervention has hepatotoxicity. As



Fig. 1. Network pharmacology analysis of XZP in treating HMG. a, The Venn diagram of the targets both in HMG and XZP; b, Active ingredient - target network; c, The PPI network of
89 nodes; d, Topological analysis of HMG targets treated by XZP; e, The core target of XZP for HMG.
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shown in Fig. 3b, results of the histopathologic analysis indicated
that the liver organs had no obvious morphologic difference be-
tween XZP-treated HMG mice (1.8, 0.9, and 0.45 mg/g/d) and HMG
model mice (Fig. 3b). Compared with the normal group, there was
no abnormal change in liver tissue in each XZP dose group. The
structure of hepatic lobules was normal, and the hepatocytes were
distributed like cords, without swelling, steatosis, ballooning
degeneration, and necrosis. Therewere sporadic inflammatory cells
in the liver parenchyma and a few multinuclear cells in the hepatic
lobules (Fig. 3b).
3.4. XZP ameliorated serum hormone levels and protected
mammary gland tissue in HMG mice

To evaluate the anti-HMG effect of XZP, we measured the levels
of serum sex hormones and pathological changes of the mammary
gland in HMG mice. As shown in Fig. 4a, the serum levels of E2, P,
LH, and FSH were measured by ELISA. The results showed that the
levels of E2 and FSH in the model group were significantly higher
than those in the normal control group (P < 0.0001); Compared
with the HMG model group, the E2 levels of tamoxifen group, XZP
low, medium, and high dose groups were significantly lower
(P < 0.0001, 0.01, 0.001, 0.0001). In addition, ELISA results also
showed that compared with the normal control group, the
expression of P and LH in the HMG group was significantly lower
(P < 0.0001); meanwhile, the expressions of P and LH in the
tamoxifen group, XZP middle, and high dose group were signifi-
cantly increased (P < 0.0001, 0.01, 0.0001).
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As shown in Fig. 4b, the histopathological analysis showed that
in the control group, lobules and acini showed no apparent hy-
perplasia. However, the mammary gland tissue of the HMG group
showed obvious hyperplasia, lobules, acini increased, mammary
duct dilation, and cavity secretion increased. Interestingly, after
tamoxifen and XZP intervention, the proliferation of mammary
lobules and the number of acini in HMG mice were significantly
reduced. In addition, our study showed that the pathological
improvement of breast hyperplasia was positively correlated with
the dose of XZP. These results indicate that XZP has a therapeutic
effect on HMG mice induced by estrogen and progesterone.
3.5. Screening results of different metabolites

By setting the thresholds of VIP, FC, and P ([VIP>1.0 and FC > 1.5]
or [FC < 0.667 and P < 0.05]), the metabolites of four groups were
analyzed, and 654 different metabolites were screened out. Among
them, the number of different metabolites between the HMGmodel
group and the normal group was 41, the number of different me-
tabolites between the XZL group and HMGmodel group was 26, the
number of different metabolites between the XZM group and HMG
model group was 55, and the number of different metabolites be-
tween XZH group and HMG model group was 70 (Fig. 5a and b).
Among the different metabolites between the HMG model group
and the normal group, 18 metabolites intersected with three groups
of XZP intervention (Fig. 5b): Cholesterol arachidonate, 19-
Nortestosterone, Naringeninchalcone, Taurocholic acid, Tauro-
alpha-Muricholic acid sodium salt, Glycocholic acid, Stevioside 4-



Fig. 2. GO biological process and KEGG pathway of XZPs in the treatment of HMG. a, The biological process (BP) of XZP for hyperplasia of mammary glands (HMG); b, The pathways
of XZP in the treatment of HMG; The Key pathway (MAPK pathway, c) and (HIF-1 pathway, d) of XZP in the treatment of HMG.

Fig. 3. Safety evaluation of XZP intervention in HMG mice. a, The levels of indexes of various organs in HMG mice.; b, The liver histopathological examination of HMG mice treated
with XZP (HE staining, � 10). #P < 0.05,###P < 0.001,####P < 0.0001 vs normal control group; *P < 0.05,**P < 0.01,***P < 0.001 vs HMG model group.
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Hydroxyindole, 23-Nordeoxycholic acid, 17a-Methyl-androstane-3-
hydroxyimine-17b-ol, 13-HPODE, 6-[2-(2H-1,3-benzodioxol-5-yl)
ethyl]-4-methoxy-2H-pyran-2-one, 3-(3-furyl methylidene)-1,5-
dioxaspiro[5.5]undecane-2,4-dione, (11E,15Z)-9,10,13-trihydroxy
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octadeca-11,15-dienoic acid, 2-(14,15-Epoxyeicosatrienoyl) glycerol,
Eicosapentaenoic acid, and Isotretinoin, 3-(2-thienyl)cinnoline-4-
carboxylic acid. In addition, we used a volcano map and cluster
map to display the metabolites of different groups. As shown in



Fig. 4. Anti-HMG activity evaluation of XZP intervention in HMG mice. a, Effects of XZP on the E2, P, LH, and FSH levels in serum of mice; b, Pathological morphology of mammary
gland tissue (HE staining, � 10, � 40). #P < 0.05,###P < 0.001,####P < 0.0001 vs normal control group; *P < 0.05,**P < 0.01,***P < 0.001 vs HMG model group.
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Fig. 5c, compared with the normal group, the expression of most
metabolites was up-regulated in the HMG group, while the expres-
sion of metabolites was down-regulated more significantly in the
Xiaozheng pill groups. As shown in Fig. 5d, compared with the HMG
model group, themetabolites of the XZP intervention group could be
significantly aggregated, which further confirmed that XZP could
significantly improve the metabolites of mice.
3.6. Functional analysis of different metabolites

Pathway enrichment analysis can determine the most impor-
tant metabolic pathways involved in the differential metabolites,
and then determine themain biological functions of the differential
metabolites. As shown in Fig. 6, compared with the normal group,
the main pathways involved in differentially expressed metabolites
in the HMG model group include Primary bile acid biosynthesis,
Cholesterol metabolism, and bile secretion; Compared with the
HMG group, the metabolites in the XZL group mainly participate in
metabolic pathways; Compared with the HMG group, the main
pathways involved in different metabolites in the XZH group
include primary bile acid biosynthesis, cholesterol metabolism, bile
secretion, etc; Compared with the HMG model group, the differ-
entially expressed metabolites in the XZH group are closely related
to metabolic pathways and HIF-1 signaling pathways.
3.7. XZP attenuated ERa, ERb, and PR expression in HMG mice

To investigate the regulation mechanism of XZP on E2 and P in
HMGmice, we further studied the expression of ERa, ERb, and PR in
the breast tissue of HMGmice. As shown in Fig. 7, The expression of
ERa, ERb, and PR was observed in the six groups. Compared with
that in the normal group, the expression of ERa, ERb, and PR was
increased in the breast tissue of mice with HMG. After 30 days of
XZP treatment, the expression of ERa, ERb, and PR in the breast
tissue IHC was decreased. Especially, the treatment with 1.8 and
0.9 mg/g XZP significantly decreased the expression of ERa, ERb,
and PR (p < 0.01).
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3.8. XZP inhibits the expressions of Raf1, ERK1/2, ELK, HIF-1a,
VEGFA, and bFGF in breast tissue of HMG mice

As shown in Fig. 8a, compared with the normal control group,
the expression of p-Raf1, Raf1, p-ERK1/2, ERK1/2, p-Raf1/Raf1, p-
ERK/ERK, and ELK in the HMG model group were significantly
increased (P < 0.01). After 30 days of treatment, the expression of p-
Raf1, Raf1, p-ERK1/2, ERK1/2, ELK, and the ratios of p-Raf1/Raf1, p-
ERK/ERK was decreased, especially in the high dose group of XZP,
these expressions decreased significantly (P < 0.05).

At the same time, the angiogenesis-related proteins HIF-1a,
VEGFA, and bFGF in the breast tissue of each group were detected.
As shown in Fig. 8b, compared to the normal group, the protein
levels of HIF-1a, VEGFA, and bFGF in the model group were
significantly higher (P < 0.0001). Importantly, 30 days after XZP
intervention, the expression of the proteins HIF-1a and bFGF were
significantly decreased at various doses of XZP (Fig. 6b, P < 0.01).
Additionally, the protein expression of VEGFA in the XZP groups
decreased, although the difference was not statistically significant.
These results indicate that XZP treatment may regulate the Raf-
ERK-ELK and HIF-1a/bFGF signaling pathways in HMG mice.
4. Discussion

Network pharmacology can predict the target profile and
pharmacological action of herbal medicine or traditional Chinese
medicine formula.25 In the current study, we used the method of
network construction to explore the target of XZP in the treatment
of HMG. The results showed that the main therapeutic targets of
XZP for HMG included IL-6, EGFR, VEGFA, mapk8, ER, and HER-2.
This is consistent with previous studies,26e28 reflecting the clin-
ical advantages of XZP in treating HMG. Network pharmacological
analysis further concluded that the key pathways of XZP in the
treatment of HMG include the HIF-1 signal pathway, MAPK signal
pathway, RAS signal pathway, and so on. Previous studies have
confirmed that compared with normal breast tissue, the micro-
vessel density of breast hyperplasia tissue increased significantly,
and the expression of HIF-1a and VEGF also increased significantly
(P < 0.05).29 Ras family proteins include H-ras, N-ras, and K-ras.
Studies have found that overexpression of H-ras and N-ras can
induce cell proliferation and phenotypic transformation of human



Fig. 5. The differentially expressed metabolites in each group. a and b, Venn diagram of different metabolites among different groups; c, Volcanic maps of different metabolites. The
abscissa represents the log2 fold change of metabolites in different groups, and the ordinate represents the different significance levels (- log10 P). Each point in the volcanic map
represents a metabolite. The significantly up-regulated metabolite is represented by a red dot, the significantly down-regulated metabolite is represented by a green dot, and the
size of the dot represents the VIP value. d, V Cluster analysis of different metabolites. The vertical clustering of samples and the horizontal clustering of metabolites are shown in the
thermogram. The shorter the cluster branch, the higher the similarity.
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breast epithelial cell mcf10a.30 In addition, through the analysis of
171 cases of breast tissue sections, found that the expression of p21
Ras gradually increased from normal breast epithelium to a com-
mon type of epithelial hyperplasia, and then to atypical breast
epithelial hyperplasia.31 In conclusion, the results of network
pharmacology analysis suggest that the therapeutic effect of XZP on
HMG may be closely related to regulating the expression of key
targets in HIF-1 and RAS signaling pathways such as EGFR, VEGFA,
ER, and HER-2.

Then, we verified the authenticity of the network pharmacology
analysis results through animal experiments and further revealed
the mechanism of XZP in treating HMG. As we all know, the in-
crease of estrogen levels in the body can promote the proliferation
of breast cells.32 Long-term high E2 stimulation destroys the bal-
ance of breast tissue proliferation, leading to the expansion of the
mammary duct, the increase of adenoma and acinus, and then
leading to pathological breast hyperplasia.33 Because of the above
mechanism of HMG,we used estradiol benzoate and P to induce the
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HMG mice model.34,35 Our results showed that the serum E2 level
of HMG model mice increased significantly. In addition, with the
increase in E2 level, serious pathological changes appeared in
breast tissue, and different doses of XZPs could improve the hor-
mone level, biochemical indexes, and pathological changes of HMG
model animals to varying degrees. We further confirmed the safety
of XZP by analyzing the organ index and liver tissue morphology of
mice in each group. The expression level of ER and PR in breast
hyperplasia tissue was higher than that of normal breast tissue.36

Consistent with previous studies, our results showed that
compared with the HMGmodel group, the expression levels of Era,
Erb, and PR in mammary gland tissue of mice in each dose group of
XZP intervention were significantly decreased, especially in middle
and high doses of XZP group, which effect was better than that of
tamoxifen group.

Metabolomics technology can quantitatively analyze all the
metabolites in the organism by measuring the endogenous me-
tabolites in the blood, which can show the changes of small



Fig. 6. Functional analysis of different metabolites. a, Z-score analysis chart; b, KEGG bubble chart.

Fig. 7. XZP attenuated ERa, ERb, and PR expression in HMG mice ( � 40). a, The expression level of ERa; b, The expression level of ERb; c, The expression level of PR. #P < 0.05,
###P < 0.001, ####P < 0.0001 vs normal control group; *P < 0.05, **P < 0.01, ***P < 0.001 vs HMG model group.
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molecule metabolites of substrates and products of various meta-
bolic pathways in different states.37 Through the changes in the
metabolite map, we can better understand the pathological state of
the disease and the metabolic mechanisms of drugs. Our metab-
olomics results show that XZP can significantly improve the me-
tabolites of mice. Compared with the HMG model group, the
differentially expressed metabolites in the XZP group are closely
related to metabolic pathways, primary bile acid biosynthesis,
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cholesterol metabolism, and the HIF-1 signaling pathway. Studies
have shown that the HIF pathway plays a core role in the cellular
mechanism triggered by hypoxia.38 HIF-1a, a transcription factor,
plays an active role in specific hypoxia and is widely involved in the
regulation of various cellular signaling pathways.39 The oxygen
state can regulate the stability of HIF-1 family proteins.40 Research
has shown that HIF-1a plays a unique role in tumor development,
with HIF and its subtypes overexpressed in most human cancers.41



Fig. 8. XZP modulated proliferation-related and angiogenesis-related proteins in HMG mice. a, Expression changes of proliferation-related proteins; b, Expression changes of
angiogenesis-related proteins. #P < 0.05, ###P < 0.001, ####P < 0.0001 vs normal control group; *P < 0.05, **P < 0.01, ***P < 0.001 vs HMG model group.
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In summary, based on the results of network pharmacology
research and metabolomics, we speculate that XZP may exert anti-
HMG effects by regulating the Ras and HIF-1 signaling pathways to
inhibit breast epithelial cell proliferation and angiogenesis.

Then, to further study its anti-HMGmechanism, we combined it
with the results of network pharmacology, selected cell prolifera-
tion, and angiogenesis-related pathways to systematically verify
the mechanism. Raf and ERK are the key proteins in the Ras-Raf-
ERK signaling pathway, belonging to one of the MAPK pathways.
This pathway transmits extracellular signals into the nucleus
through cell membrane receptors, thus mediating the expression of
specific proteins in cells and participating in the regulation of cell
proliferation, differentiation, and other functions. Under normal
conditions, RAS binding to guanosine diphosphate is inactivated,
while Ras binding to guanosine triphosphate (GTP) becomes acti-
vated when stimulated by exogenous guanine nucleotide exchange
factor (GEF). GTP Ras phosphorylates Raf, causing downstream ERK
activation. ERK proteins include ERK1 and ERK2 proteins, which
have similar functions and are activated in parallel in vivo.42,43 ELK
is a common downstream target molecule of ERKs and MAPK
pathway, which is mainly activated by MAPK-mediated mitogen or
growth factor stimulation.44 Phosphorylation of ERK1/2 can further
catalyze the phosphorylation of ELK and other transcription fac-
tors.45 In the current study, we found that the ratio of p-Raf/Raf, the
ratio of p-ERK/ERK, and the expression of ELK increased signifi-
cantly in the breast tissue of HMGmice; Interestingly, the ratio of p-
Raf/Raf, the ratio of p-ERK/ERK and the expression of ELK protein
were significantly decreased after the intervention of XZP, which is
consistent with our network pharmacology results, further indi-
cating that XZPmay exert a therapeutic effect on HMG by inhibiting
cell proliferation through the Raf-ERK-ELK pathway.

HIF-1a is widely present in mammalian cells and plays an
important regulatory role in cell growth and proliferation. VEGF can
not only increase the permeability of vascular endothelial cells but
also promote the formation of new blood vessels. In addition, bFGF is
one of the direct inducers of angiogenesis and plays a key role in the
process of regulating angiogenesis. It can promote the regeneration
of epidermal and endothelial cells, and induce the division of
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vascular endothelial cells. Some vascular factors in breast tissue may
be activated, which directly or indirectly induces the proliferation of
blood vessels in local breast tissue, leading to the occurrence of
HMG.46 The Western blot results showed that consistent with the
results of metabolomics and network pharmacology analysis, the
expression of HIF-1a, VEGFA, and bFGF in the breast tissue of HMG
mice was significantly increased; In addition, after different doses of
XZP intervention, the expression levels of HIF-1a and bFGF were
significantly reduced. This further confirms that XZP may exert anti-
HMG effects by affecting the angiogenesis-related HIF-1a/VEGFA
pathway, but the interaction between HIF-1a and VEGFA has not
been studied in this study. In addition, bFGF is an upstreamprotein of
Ras/Raf.47 Based on the research results of proliferation-related
pathways, we speculate that XZP can eliminate abnormal breast
hyperplasia by inhibiting cell apoptosis and angiogenesis, whichmay
be related to the regulation of Raf/ERK/ELK and HIF-1a/bFGF
signaling pathways in HMG mice.

5. Conclusions and outlook

In summary, we systematically studied the pharmacological
mechanism of XZP in the treatment of HMG through network
pharmacology and mouse experiments. XZP treatment may
improve the morphology of HMG and elimination of abnormal
hyperplasia through inhibition of Apoptosis and Angiogenesis via
regulating the Raf/ERK/ELK and HIF-1a/bFGF signaling. In addition,
the XZP may also regulate the metabolites related to HMG. These
results may suggest the potential of the XZP in preventing the
development of HMG and indicate that XZP could be a new ther-
apeutic strategy for the treatment of HMG, which needs to be
further confirmed in cell experiments and clinical trials.
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