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Purpose: Taohong Siwu decoction (THSWD) is traditionally used to treat androgenic alopecia (AGA) in clinical practice of
traditional Chinese medicine. This study used a network pharmacology approach to elucidate the molecular mechanism governing
the effect of THSWD on AGA.

Materials and Methods: The major active components and their corresponding targets of THSWD were screened. AGA-related
targets were obtained by analyzing the differentially expressed genes between AGA patients and healthy individuals. The protein—
protein interaction networks of putative targets of THSWD and AGA-related targets were visualized and merged to identify the
candidate targets for THSWD against AGA. Gene ontology (GO) biological processes and Kyoto Encyclopedia of Genes and
Genomes (KEGQG) enrichment analysis for core targets were performed. Finally, the key effective components and core targets
screened were verified by molecular docking.

Results: In this study, 69 compounds and 202 compound targets of THSWD, as well as 1158 disease targets, were screened. Forty-five
interactive targets were identified for constructing the “ingredient-targets” network. The functional annotations of target genes were
found to be related to oxidative stress, reactive oxygen species, and hydrogen peroxide. Pathways involved in the treatment of AGA
included apoptosis and PI3K-AKT signaling pathways. The luteolin, quercetin, kaempferol, baicalein, and beta-carotene were
identified as the vital active compounds, and AKTI1, TP53, JUN, CASP3 and MYC were considered as the core targets.
Assessment of molecular docking revealed that these active compounds and targets had good-binding interactions.

Conclusion: The results indicated that the effects of THSWD against AGA may be related to anti-inflammation and anti-oxidation
properties of the compounds through the specific biological processes and the related pathways.
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Introduction

Androgenetic alopecia (AGA) is the most diagnosed hair loss dysfunction, which was characterized by progressive
miniaturization of the hair follicle leading to vellus transformation of terminal hair.' In China alone, hair loss affects more
than 100 million men.? Although AGA is not considered a life threatening disease but it can cause psycho-emotional
disturbances and a significant impact on the quality of life of many patients.® Although the hair loss in AGA are generally
thought to be driven by genetic factors and androgen, the underlying molecular pathophysiology remains unclear, thus limiting
effective treatments.* For the past few years, there were only two drugs, finasteride and minoxidil, approved by the U.S. Food
and Drug Administration (FDA) for effectively management of AGA.> Topical minoxidil shortens telogen, causing premature
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entry of resting hair follicles into the anagen phase. Finasteride is a Sa-reductase type 11 inhibitor, it prevents the conversion of
testosterone to dihydrotestosterone (DHT). However, once the medication is discontinued, hair loss persists and the exact
mechanism of minoxidil is unclear. Additionally, the sexual dysfunction including decreased libido, decreased ejaculation
volume, and ejaculation disorder caused by finasteride and the skin irritation, dizziness, and tachycardia due to minoxidil has
been reported in many patients taking these conventional drugs.®’

Currently, traditional Chinese medicine (TCM) was recommended as a potential effective auxiliary strategy to treat
chronic diseases including AGA. You et al® has conducted a meta-analysis including 30 Randomized controlled trials
(RCTs) involving 2615 patients to evaluate the curative efficacy and safety of TCM for treating AGA and found that the
total efficacy was significantly higher, the total symptom score markedly reduced in the TCM group, when compared
with that in the conventional medicine group. In addition, no significant differences were observed between the two
groups in terms of adverse events.* In fact, TCM therapies have been widely used for the treatment of AGA for two
thousand years and could date back to the Qin Dynasty. After thousands of years of development, ancient Chinese
medicine has accumulated a large number of effective traditional Chinese herbal formulas and rich experience in AGA
treatment. It has been shown that functional deficiency of liver and kidney, deficiency of qi and blood, qi stagnation and
blood stasis, and blood-heat are the main patterns linked to alopecia, based on TCM pattern identification.'*'?

Taohong Siwu decoction (THSWD), an improved formula of Siwu decoction, is a mixture of 6 Chinese medicine
extracts including Persicac Semen (Taoren, TR, the dried ripe seed of Prunus persica (L.), Batsch or Prunus davidiana
(Carr.) Franch.), Carthami Flos (Honghua, HH, the dried Carthamus tinctorius L.), Angelica sinensis radix (Danggui,
DG, the dried root of Angelica sinensis), Chuanxiong Rhizoma (Chuanxiong, CX, the dried rhizome of Ligusticum
chuanxiong Hort.), Paconiae Radix Alba (Baishao, BS, the dried root of Paeonia lactiflora Pall.), Rehmanniae Radix
Praeparata (Shudihuang, SDH, the dried root of Rehmannia glutinosa Libosch.). In TCM, THSWD is frequently used to
treat the deficiency and stasis of qi and blood as well as the functional deficiency of liver and kidney, which were the
main pathogenesis of AGA. Recently, association rule mining and network analysis have been performed to analyze the
combinations of medicinal herbs used to treat alopecia and have identified DG, CX, BS, SDH, the primary ingredients of
THSWD, as the most frequently used herbs.'> However, the pharmacological mechanisms and molecular targets of
THSWD for the treatment of AGA are not clear, which is the main factor restricting its wider use.

In the present study, network pharmacology and molecular docking were conducted to explore the mechanism of
THSWD in treating AGA (Figure 1). Firstly, the active compounds of THSWD and their targets were searched and
screened. Subsequently, the AGA-related signaling pathways were obtained by analyzing the differentially expressed
genes between AGA patients and healthy individuals. The mechanisms of action underlying THSWD for the treatment of
AGA were analyzed by GO and pathway analysis. Finally, the key effective components and targets screened were
verified by molecular docking, and the complex network of THSWD in treating AGA was comprehensively discussed.

Methods and Materials

Active Ingredients and Potential Targets Screening
We identified the chemical composition of the six herbs (TR, HH, BS, DG, CX, SDH) in THSWD from the Traditional
Chinese Medicine Database and Analysis Platform (TCMSP, https:/tcmsp-e.com/),'® by establishing preset criteria of

oral bioavailability (OB) >30% and drug-likeness (DL) >0.18 in absorption, distribution, metabolism and excretion
(ADME) to screen for the active ingredients. Then, the candidate compounds were imported into the TCMSP platform to
identify the corresponding targets of THSWD. With the help of the protein database UniProt, (https://www.uniprot.org/),

we converted the related targets into the gene names.'* Target information was set as reviewed, and removed repetitive
and non-human targets. Afterwards, the target gene-set of THSWD was acquired.

|dentification of AGA-Related Targets

The differentially expressed genes of AGA patients were obtained from 5 databases as follows: GeneCards (https://www.
genecards.org/), OMIM (https://omim.org/), DrugBank (https://go.drugbank.com/), PharmGKB (https://www.pharmgkb.org/),
and TTD (http:/db.idrblab.net/ttd/). The significance threshold of P value was set to <0.05, and the [log ©!¢ “"*"€°| was set to > 1 to
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Figure | The whole framework of this study based on network pharmacology and molecular docking for investigating pharmacological mechanisms of THSWD acting on
AGA.

obtain the differentially expressed genes, considered as the AGA-related targets. In addition, we took a combination of the search
results to construct an AGA relevant gene database.

Protein—Protein Interaction Network Construction

The potential targets of THSWD for the treatment of AGA were obtained by intersecting the THSWD target gene set and
the AGA-related target gene database. The candidate targets were obtained by a Venn diagram and introduced into the
STRING database (https:/string-db.org/) to construct protein—protein interaction (PPI) network.'> We selected multiple
proteins and set the parameter as moderate confidence (0.400). The organism was limited to “Homo sapiens”, and the

“string_interactions.tsv” file was kept.

Construction of a Compound-Target Network and Critical Sub-Network

The compound-target network was constructed to clarify the relationship between active compounds and potential
targets. The “string_interactions. tsv”’ was imported into Cytoscape 3.8.0 software for visualization analysis. The
Network-Analyzer setting from Cytoscape 3.8.0 software was applied for analyzing the topological parameters,'®
while the core targets were collected according to the Degree-value.!” Nodes in the network referred to drug chemical
components or targets, and edges represented the relationship between nodes.

We applied two methods to investigate the critical sub-network. Firstly, we filtered genes with topological importance
by calculating Degree Centrality (DC),'® Closeness Centrality (CC),'” Betweenness Centrality (BC),?° Eigenvector
Centrality (EC), Local Average Centrality (LAC), and Network Centrality (NC). After two filters, the final core targets
were selected and the critical subnetwork was established. Another approach we used to conduct critical sub-network was
CytoHubba plugin. The top 10 important genes in the network are obtained through one screening.
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GO and KEGG Enrichment Analysis

GO and KEGG enrichment analysis were employed to explore the potential function of the candidate targets. GO
enrichment analysis includes biological process, cellular composition, and molecular function, whereas KEGG enrich-
ment analyzes the potential biological pathways and functions associated with the targets. A variety of bioinformatic
analyses and visualization of the results can be achieved using the software R project. In the programming language, the
adjusted P-value <0.05 and g-value < 0.05 were set.

Molecular Docking Technology

We took an intersection of the key sub-networks obtained by two different methods to obtain the most significant genes, from
which receptor proteins were selected. We downloaded the structure of core receptor proteins in PDB database (http://www.rcsb.
org/pdb/home/home.do), and then PyMOL software was performed to simulate the dehydration and separation of ligands from

the receptor protein. AutoDockTools was used to carry out hydrogenation. According to the degree value in the compound-target
network, we used the top active ingredients as the molecular ligand. The 2D structure for the molecule ligands which was
downloaded from the PubChem database (https://pubchem.ncbi.nlm.nih.gov/), was converted to 3D structure by Chem3D

software. Chem3D software was used to calculate and export the 3D structure by minimizing energy associated with the
molecular structure. The original PBD file format was converted to the PBDQT file format recognized by the AutoDock Vina
program. The receptor proteins with higher significance in the key sub-network and the corresponding molecular ligands with
more value in the compound-target network were selected. After that, we used AutoDock Vina to calculate docking score, which
indicated binding affinity. The lower the docking score, the more stable the bonding between a ligand and a protein.*'

Results

Screening of Active THSWD and the Drug Related Targets

A total of 69 potential compounds of THSWD were obtained, 23 in TR, 13 in BS, 2 in SDH, 22 in HH, 2 in DG, and 7 in
CX (Table S1). Meanwhile, drug-related targets were collected, 43 in TR, 79 in BS, 28 in SDH, 189 in HH, 45 in DG,
and 29 in CX, and finally, there were 202 targets identified after removing duplications (Figure S1).

Screening the Potential Targets for THSWD Against AGA

Firstly, the AGA-related targets were screened from 5 databases. There are 393 AGA-related genes from Genecards, 19
genes from OMIM, 0 genes from TTD, 760 genes from PharmGkb and 11 genes from DrugBank (Figure 2A). A gene set
with 1158 AGA-related genes was obtained after deleting overlapping genes and combining the research findings
(Figure 2B). Then, the 202 compound targets were mapped to 1158 AGA target genes to obtain 45 common target
genes, which are suggested to be the potential targets of THSWD in the treatment of AGA. The 45 common targets
identified above were introduced into the STRING database to perform PPI network analysis, which contained 45 nodes
and 380 edges (Figure 2C).

Building a “Compound-Target” Network

To clearly display the complex relationships between the active compounds in THSWD and AGA-related targets,
a compound-target network was constructed. The network was composed of 31 active components of THSWD in the
outer circle and 45 targets of AGA in the inner circle. As showed in Figure 3, we can clearly find that the compound-
target network included 76 nodes and 156 edges. Luteolin (MOLO000006), quercetin (MOL000098), kaempferol
(MOL000422), baicalein (MOL002714), and beta-carotene (MOL002773) acted on 132, 54, 55, 35 and 18 targets,
respectively. And the OB values of quercetin, luteolin, kaempferol, baicalein, and beta-carotene are 46.43%, 36.16%,
41.88%, 33.52%, and 37.18%, respectively. Therefore, the results suggest that they might be the crucial active
compounds of THSWD by reason of their considerable presence in the network.
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Figure 2 Identification of the drug—target interaction. (A) The AGA related targets from 4 databases. (B) The Venn diagram of THSWD and AGA. (C) PPl of THWSD in
treating AGA.

GO and KEGG Enrichment Analysis

GO enrichment analysis was used to clarify the function of estimated protein targets, covering the underlying biological
processes, cellular components and molecular functions of the 45 target genes. According to the P-value <0.05 and
g-value < 0.05, 1801 noticeably enriched GO terms were screened and the top 10 terms are shown in Figure 4A. There
were 1690 biological processes, mainly involved in the response to oxidative stress, epithelial cell proliferation, the
response of cells to chemical stress. Twenty-three cell components revealed membrane raft, membrane microdomain,
membrane region, transcription regulator complex, etc. For 88 molecular functions, the targets were enriched in DNA-
binding transcription factor binding, ubiquitin-like protein ligase binding, phosphatase binding. GO analysis showed that
these target genes played an important role in oxidative stress and cell proliferation.

Furthermore, the ClusterProfiler KEGG was also used to analyze the KEGG enrichment of the 45 potential targets by
R4.0.2. By setting the filter as adjusted P-value <0.05 and g-value < 0.05, we detected 138 significantly enriched KEGG
terms. The KEGG signal pathway enrichment analysis was represented by a bubble diagram, and the top 30 KEGG
pathways are shown in Figure 4B. These included apoptosis, lipid and atherosclerosis, human cytomegalovirus infection,
PI3K-Akt signaling pathway, AGE-RAGE signaling pathway in diabetic complications, fluid shear stress and athero-
sclerosis, and hepatitis B, etc. Furthermore, THSWD probably exerted the therapeutic effects on AGA by regulating
signaling pathways, which included PI3K-Akt signaling pathway, NOD-like receptor signaling pathway, IL-17 signaling
pathway, AGE-RAGE signaling pathway.

The Critical Sub-Network Analysis for the Core Targets

To further identify the key targets for THSWD against AGA, 45 potential candidates were imported in CytoNCA plugin
and selected by calculating DC, BC, CC and EC. A network of significant targets for THSWD against AGA was
constructed and it contained 16 nodes and 110 edges (Figure 5A). The median values of DC, BC, CC, EC, LAC and NC
were 14, 8.61, 0.59, 0.13, 11 and 12.50, respectively. The candidate targets were further screened and 6 core genes with
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Figure 5 Identification of Key targets of THSWD against AGA. (A) PPl network of significant proteins extracted from 45 potential targets (B) PPl network of candidate
THSWD targets for AGA treatment extracted from A. (C) the top 10 key genes obtained from CytoHubba plugin analysis.

DC>14, BC>1.24, CC>0.94, EC>0.25, LAC>12.14, NC>13.60 were identified. Finally, the critical sub-network consist-
ing of six key target genes was constructed, including AKT1, TP53, JUN, CASP3, CTNNBI1 and MYC (Figure 5B).

Besides, CytoHubba plugin were also employed to conduct the (the analysis of?) critical sub-network (Figure 5C).
Interestingly, the top 10 key genes obtained from CytoHubba plugin overlaps with the 6 key targets screened by the
CytoNCA plugin.

Molecular Docking Technology

The 6 core genes (AKT1, TP53, JUN, CASP3, CTNNBI1 and MYC) were chosen to conduct molecular docking analysis.
After that, from the compound-target interaction network, we got homologous active compounds targeting receptor
proteins. These compounds were quercetin, luteolin, kaempferol, baicalein, and beta-carotene. Molecular docking
analysis was performed to further validate interactions between molecular ligands and receptor proteins. The docking
score lower than —5.0 kcal/mol indicated that the conformations had good-binding interactions.”> In particular, the
binding affinity of interactions found in this study were all less than —6.0 kcal/mol (Table S2). It meant that these
molecular ligands could easily enter and successfully bind the active pocket of the receptor proteins with high affinity.
We selected top 3 active compounds (quercetin, luteolin, kaempferol) corresponding to core targets (AKT1, TP53, JUN,
CASP3 and MYC) for visual analysis of molecular docking, as shown in Figure 6.

Discussion
The drug compositions of herbs are complex in TCM, especially the more complex herbal formulations that consist of
multiple herbs including numerous potential bioactive ingredients, which can interact with multiple therapeutic targets.
This characteristic of TCM, the multi-component, multi-target, multi-channel and multi-gene approach, does present
a tremendous challenge in exploring the potential molecular mechanism of TCM in treating diseases. Although the
pharmacological properties of TCM herbs and the mechanism of their therapy on AGA have been investigated by
a number of studies, the bioactive ingredients and the specific targets of its treatment of AGA still needs to be fully
elucidated.®** Network Pharmacology is a novel approach in an attempt to solve the problems, which was firstly
proposed by Li et al and employed by Liu et al to elucidate the pharmacological mechanism of Xiaoyao powder on
anovulatory infertility.?**> Network pharmacology is based on the “disease-gene-target-drug” interaction network, which
could systematically and comprehensively elucidate the synergistic effects among compounds and potential mechanisms
of multi-component and multiple-target drugs on human body at the molecular level, and could contribute to new
strategies for TCM drug development and clinical applications.

Based on the network pharmacology approach, this study focused on the specific targets and molecular signaling
pathways of THSWD acting on AGA, in which the 69 compounds, 202 compound targets and 1158 disease targets were
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Figure 6 The molecular docking of three active compounds (kaempferol, luteolin, quercetin) and the core targets (AKT I, CAPS3, JUN, TP53, MYC). (A) AKT I-kaempferol;

(B) AKT -luteolin; (C) AKTI-quercetin; (D) CAPS3-kaempferol; (E) CAPS3-luteolin; (F) CAPS3-quercetin; (G) JUN-kaempferol; (H) JUN-luteolin; (I) JUN-quercetin; (J)
TP53-luteolin; (K) TP53-quercetin; (L) MYC-quercetin.
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screened to construct the compound-target-disease network. Then, the PPI networks of THSWD putative targets and
AGA-related targets were structured and merged to obtain the candidate targets for THSWD against AGA. In order to
find more accurate targets, 6 parameters including Degree, Betweenness Centrality, Closeness Centrality, and Local
Average Connectivity were set to screen nodes and structure a new network. Forty-five common targets of compounds
and disease were finally identified and used to carry out the bioinformatic analysis to elucidate the mechanisms
underlying the anti-AGA effects of THSWD. The result showed the top compounds of THSWD affecting multiple
targets, for example, luteolin, quercetin, kaempferol, baicalein, and beta-carotene acted on 132, 54, 55, 35 and 18 targets,
respectively. Therefore, they were very likely to be the crucial pleiotropically active compounds of THSWD for treating
AGA. The top three compounds, quercetin (3,5,7,3',4'- pentahydroxyflavone), luteolin (3,4,5,7-tetrahydroxy flavone),
and kaempferol are all major representatives of the flavonoid subclass of flavonols, ubiquitously present in fruits and
vegetables and are the main ingredients of Honghua in THSWD. It has been reported that the three flavonoids could exert
a wide range of biological effects, including antioxidant, anticarcinogenic, anti-inflammatory, anti-diabetic and anti-
microbial activities.”*>* Throughout the literature, luteolin has not been reported to be used to treat AGA, but quercetin
in recent study was reported to be packaged in phospholipid-polymer hybrid nanoparticles used in AGA animal models.
It was shown to improve hair regrowth and inhibit hair follicles cells apoptosis, and the study suggested the role of
quercetin on AGA by reducing the synthesis of prostaglandin D2, which was reported to induce miniaturization,
sebaceous gland hyperplasia, and alopecia.”® *® Additionally, the hair cell proliferation induced by quercetin and
kaempferol was significantly higher than that of minoxidil, supporting the development of these compounds into
commercially available treatments for alopecia.37 From this study, AKT1, TP53, JUN, CASP3 and MYC were also
identified as the specific targets of quercetin, luteolin and kaempferol on AGA, suggesting that the roles of the three
compounds on the management of AGA could be related to their anti-inflammation and anti-oxidation properties.

The targets of THSWD against AGA were enriched in biological processes, cellular components, and molecular
function by GO enrichment analysis. Results suggest that THSWD regulated some biological processes such as the cell
response to oxidative stress, reactive oxygen species (ROS), and hydrogen peroxide. Oxidative stress is a result of
inadequate antioxidant defense or overproduction of ROS, which has been demonstrated in promoting secretion of
known hair follicle inhibitory factors in the biological process of AGA.**** Oxidative stress in addition accelerates the
aging process as AGA deteriorates with age.*"™*® So, topical or systemic antioxidants has been suggested to be the
promising treatment of AGA.** In this study, the flavonoid ingredients luteolin, quercetin, and kaempferol were identified
as the crucial pleiotropically active compounds of THSWD for treating AGA, which were responsible for the strong
antioxidant activities.***” Other active ingredients in THSWD also have been reported to have anti-inflammatory and
antioxidant effects in NF-kB signaling pathway and apoptotic pathway.*®

To date, the most elucidated AGA etiopathogenesis are the genetics and the androgen-mediated follicular miniaturization.
However, medical treatments regarding the androgen activity modulation, such as finasteride, have sometimes shown limited
efficacy in AGA.” Probably, there are more to be understood regarding its physiopathology and potential treatments beyond
androgens and anti-androgens.*’ In the present study, a total of 30 KEGG pathways including apoptosis, PI3K-Akt signaling
pathway, NOD-like receptor signaling pathway, IL-17 signaling pathway, and AGE-RAGE signaling pathway were sig-
nificantly enriched. Gene-pathway network was constructed to investigate the core and key target genes for THSWD against
AGA. The top 6 targets of AKT1, TP53, JUN, CASP3 and MYC were suggested as the core target genes. It is known that 0p0;
Caspase-3 plays an important role in apoptosis, as it is activated in the apoptotic cell by extrinsic (death ligand) and intrinsic
(mitochondrial) pathways and TNF is an inflammatory cytokine that plays a well-established role and acts on several different
signaling pathways through two cell surface receptors, being probably the most potent inducer of apoptosis.”® CASP3 was
overexpressed in alopecia areas in patients with AGA at early stages of the disease, which indicates that apoptosis and
inflammation are present in the early stages of this disorder.”® Previous studies also have shown that Akt pathways promote
dermal papilla cell survival.’' Phosphorylation of Akt was lower and inflammatory factors such as IL-1p, TNF-a, IL-6 were
up-regulated in the dorsal skin of AGA induced by testosterone propionate in C57BL/6 mice, which could be reversed by
Radix paeoniae alba.’>

In summary, this study used network pharmacological methods and techniques to explore the mechanisms of action
and molecular targets of THSWD for treating AGA. THSWD may promote hair growth through the specific biological
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processes including responses to oxidative stress, reactive oxygen species, and hydrogen peroxide. In addition, THSWD
may exert its regulatory function in the pathogenesis of AGA and the regulation of pathways including apoptosis, AGE-
RAGE signaling pathway, NOD-like receptor signaling pathway and PI3K-AKT signaling pathways, which are asso-
ciated with the occurrence of AGA. CASP3, MAPK1, AKTI1, JUN, TNF, TP53, IL-6 and VEGF-A were the key target
genes in the gene network of THSWD for the treatment of AGA. The network pharmacology appears to be a suitable
approach for the study of complex TCM formulations.
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