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Abstract

The traditional Chinese herb, She Xiang, has been found to accelerate the recovery of facial paralysis
including Bell’s palsy by acupoint application in China. However, the underlining mechanism was not well
known which has become an obstacle on the way to further development. In this study, we attempted to
explore the pharmacology mechanism of She Xiang on facial paralysis treatment preliminarily by
bioinformatics analysis. As a result, 59 active ingredients were identified in She Xiang by Traditional
Chinese Medicine Integrated Database, such as 17-Beta-Estradiol, testosterone, and 2,6-Decamethylene
Pyridine. Totally 837 genes were identified to be differently expressed in the blood sample of

facial paralysis patients by RNA sequencing. Finally, 33 overlapped proteins were obtained overlapped
with the prediction of comparative toxicogenomics database (CTD) and BATMAN. Proteins of interest
were closely related with 406 GO BP and 4 pathways. The hub protein in PPl network contained FOS, JUN,
POMC, and GPER1. Pharmacology network was constructed with 15 active components of She Xiang, 33
protein targets and 4 pathways. The docking model of Androst-4-Ene-3, 17-Dione (ASD) and FUS-JUN
complexes (1FOS) was predicted and constructed. In conclusion, this work indicated testosterone as the
effective component of She Xiang may advance the recovery of facial paralysis by targeting FUN, MAPK
and cAMP signaling pathway; docking of ASD and 1FOS might play a critical role in facial paralysis
treatment by She Xiang. Further work will be carried out in human or experimental animals to test and
verify the predicted results.

Introduction

Facial paralysis, also known as facial nerve paralysis, is caused by function loss of facial muscle
innervated by the seventh cranial nerves in human [1] or even in animals [2]. This facial problem is
generally characterized by muscle dysfunction on one side of the face. The common symptoms induced
by facial paralysis include taste loss, hearing disorder and dry mouth. The most common cause of facial
paralysis is suggested to be nonspecific or idiopathic which is also identified as Bell’'s palsy [3] and others
factors contributed to facial paralysis contain traumatic injury, metabolic disorders and leukemic
infiltration [4—6]. The underlying cause of facial paralysis is determined with the facilitation of history
and physical examination. However, the etiologies of same cases remain to be unclear, which may add
trouble in treatment.

The typical therapies for facial paralysis including oral administration of corticosteroids, antiviral drugs,
vitamins and physiotherapy [7-10]. Severe patients may need surgery for facial nerve decompression
[11]. Despite the advances in the treatment for facial paralysis, the recovery of function remains
incomplete in many cases. Traditional medicine served as the traditional, complementary and alternative
medicine has been applied world-widely in under-developing countries, especially in Asia. In China,
Traditional Chinese Medicine (TCM) has widely accepted for the advantages of fewer side effect, easy
accessibility, low cost and unexpected effect [12]. She-xiang (Moschus), a Chinese herb, has shown
therapeutic effect on cardiovascular disorders [13—15]. Compendium of Materia Medica an ancient
Chinese Literature written by the well-known pharmacist Shizhen Li, pointed out for the first time that She-
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xiang is expert in dredging the channel and meridians. Recent evidence also supports the clinical
application of She-xiang for facial paralysis [16—19]. However, the underlining mechanism of She-xiang
in treating facial paralysis has not been clarified. In this study, the pharmacology network of She-xiang
was constructed based on the RNA sequencing data and bioinformatics methods in order to explore the
potential pharmacological mechanism of She-xiang on facial paralysis treatment.

Methods
Components of the traditional Chinese medicine

Traditional Chinese Medicine Integrated Database (TCMID) is a collection of the information of TCM,
which bridges the gap between TCM, common drug and diseases [20]. In our study, the chemical
components of TCM She-xiang were mined from TCMID (http://www.megabionet.org/tcmid/).

Prediction of the targets for active ingredients of She-xiang

Bioinformatics analysis tool for molecular mechanism of traditional Chinese medicine (BATMAN-TCM)
tool is the first used bioinformatic analysis tool for studying the molecular mechanism of TCM. The
proteins that targeted by the effective components of She-xiang were predicted by BATMAN-TCM online
tool [21] (http://bionet.ncpsb.org/batman-tcm/). The protein-component interaction pairs with score > 20
were collected.

The RNA sequencing and differentially expressed gene
analysis

The whole blood samples were collected from 5 facial paralysis patients and 5 healthy controls. RNA
samples were extracted and subjected to RNA sequencing. The raw reads were mapped to human
reference genome to generate a raw count. Then, the raw counts were normalized by TMM (trimmed
mean of M-values) algorithm with the application of edgeR package [22] and then transformed to
logCPM (logarithm of counts per million reads) to estimate the expression value of genes. Subsequently,
the genes with differential expression between patients and controls were analyzed. The p values were
controlled by BH (Benjamini—Hochberg) method. The adj.PValue < 0.05 and |logFC(fold change)| >2 were
set as the cutoff value for screening differentially expressed genes.

Cross-validation of target proteins

The comparative toxicogenomics database (CTD; http://ctdbase. org) is a publicly available resource that
records the association between chemical, gene products, and disease. The facial paralysis related gene
products were retrieved from CTD 2019 update. Then, the results were compared with the target proteins
of effective components of She-xiang and differentially expressed genes products. The overlapped
proteins were obtained for further analysis.

GO function and pathway enrichment analysis
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Gene ontology (GO) resource is widely used for providing function annotation for genes and gene
products in three categories of molecular function (MF), cellular component (CC) and biological process
(BP) [23]. The proteins of interest were subjected to GO enrichment analysis by clusterprofiler [24]. The
significant GO terms with p value < 0.05 in BP category were screened out. The Kyoto encyclopedia of
genes and genomes (KEGG) is a knowledge resource containing the pathway terms for genes or gene
products [25]. In our study, the significant pathways for proteins with p < 0.05 were also analyzed with
clusterProfiler in R.

Target protein interaction analysis

The protein-protein interactions (PPIs) were analyzed by STRING database (version: 10.0,
http://www.string-db.org/) [26-27]. The protein interaction pairs were selected by Required Confidence
(combined score) > 0.4 and the PPI network was constructed by Cytoscape software [28].

Construction for pharmacology network

Network pharmacology can illuminate the systematic understanding of drug action. In order to explore
the therapeutic action of She-xiang, the integrated network with active components of herb She-xiang,
their protein targets, and related pathways was constructed by Cytoscape software interactive docking
prediction of key target proteins and effective component.

Protein Data Bank (PDB) is a worldwide repository that facilitates macromolecular structure studies by
providing the three-dimensional (3D) structure of a given protein [29]. PubChem is a public resource of
chemical structures and corresponding biological activities, which contains three inter-linked databases,
such as Substance, Compound and BioAssay [30]. In this study, the 3D structure of key target protein was
retrieved from PDB database and the molecule structure of effective component was downloaded from
PubChem Compound database. The raw SDF format file was transformed to mol2 format by pymol
(Version 2.0 Schrodinger, LLC.). The docking possibility of key protein and effective component was
predicted by Lamarckian Genetic Algorithm with the application of AutoDock software [31].

Results
Components of herb She-xiang

The chemical components of herb She-xiang were retrieved from TCMID with the key words of “She-
xiang”. As shown in Table S1, there are 59 active ingredients in She-xiang, such as 17-Beta-Estradiol,
testosterone, 2,6-Decamethylene Pyridine, 3,5-Dihydroxybenzoic Acid and 3-Methylcyclotridecan-1-One.

The differentially expressed genes related with facial
paralysis

With the cutoff value, total 837 genes were identified to be differentially expressed in the blood sample of
facial paralysis patients, comparable to healthy controls, of which 457 genes were overexpressed and
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380 were down-expressed. The differential expression genes were visualized in the volcano plot by
combining significant p values and fold change (Fig. 1A). The heatmap for the differentially expressed
genes illustrates that the samples in case and control groups were clearly distinguished based the
expression profile (Fig. 1B).

Protein targets and cross-validation

Based on the information in BATMAN, there were 1081 protein targets for 26 active components. Total
11862 records of gene products related with facial paralysis were deposited in CTD. Then, the proteins
obtained above were compared with the differentially expressed genes. Finally, 33 overlapped proteins
were obtained (Fig. 2).

Significant GO function and pathways enriched by proteins
of interest

In order to understand the target protein involved biological function and pathways, the overlapped
proteins were subjected to GO and pathway analysis. Results showed that the proteins were significantly
enriched in 406 GO BP and 4 pathways. The top 20 GO BP terms were displayed in Fig. 3, such as
response to metal ion, response to cAMP, and cellular response to calcium ion. The significantly enriched
pathways included Endocrine resistance, MAPK signaling pathway, Sulfur metabolism and cAMP
signaling pathway (Fig. 4).

PPI network

The protein interactions of overlapped proteins were predicted by STRING database. Total 32 protein
interaction pairs were obtained. The PPI network was constructed with 32 edges connecting with 24
proteins (Fig. 5). The significant nodes with high degrees in PPI network included FOS (degree = 9), JUN
(degree = 8), POMC (degree = 6), GPER1 (degree = 4), and CALB1 (degree = 3).

Pharmacology network for She-xiang

Pharmacology network was constructed by integrating activated components, protein targets and
pathways. As shown in Fig. 6, the network contains 52 nodes and 111 edges, of which there are 15 active
components of She-xiang, 33 protein targets and 4 pathways. The drug active components of Androst-4-
Ene-3,17-Dione (degree = 10), 5-Cis-Cyclopentadecen-1-One (degree = 10), Testosterone (degree = 8) and
17-Beta-Estradiol (degree = 8) were significant nodes in pharmacology network. The significant gene
nodes included JUN (Jun proto-oncogene, AP-1 transcription factor subunit, degree = 13), FOS (Fos proto-
oncogene, AP-1 transcription factor subunit, degree = 13) and GPER1(G protein-coupled estrogen receptor
1, degree=11).
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Interactive docking of key proteins and effective
components of herb She-xiang

Androst-4-Ene-3,17-Dione (ASD) as the key effective component, FOS and JUN as the key protein in
pharmacology network were subjected to interactive docking prediction. The chemical structure of ASD
was obtained from PubChem Compound database and shown in Fig. 7A. The 3D structure of FOS-JUN
complexes (1FOS) was downloaded from the PDB database (Fig. 7B and C). Total 6 docking models were
predicted for TFOS and ASD (Table 1). The model 1 was the best docking model with the highest affinity
and lowest root mean square deviation (RMSD). The docking global graph based on model 1 was
visualized in Fig. 7D. The interaction sequences between 1FOS and ASD were LYS267, ASN271, DC26
and DT14 (Fig. 7E).

Table 1
The docking models of ASD and 1FOS

Model Affinity Dist from best mode

(kcal/mol)  mmsd L.b. rmsd u.b.
1 -7.9 0 0
2 -7.3 30.947 32.317
3 7.3 30.061 32.216
4 -7.2 36.577 38.296
5 -/ 3.231 5.32
6 -7 16.781 19.863
7 -6.7 42.248 45.056
8 -6.6 24.786 27.777
9 -6.5 13.127 13.771
Rmsd: the root mean square deviation.

Discussion

Recently, TCM has been widely recognized worldwide. She-xiang as a traditional Chinese herb, has been
found to facilitate the recovery of facial paralysis. However, the mechanism of the effect of She-xiang on
facial paralysis has not been illuminated. In the present study, the active ingredients of herb She-xiang
were predicted based on the records of TCMID. The protein targets of active ingredients were predicted by
the BATMAN and differentially expressed genes analysis. Finally, pharmacology network was constructed
with 33 protein targets, 15 chemical components and 4 signaling pathways.
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Our results showed that testosterone was an active ingredient of She-xiang, which has been validated in
the pharmacology network. Testosterone is a primary male hormone and plays an essential role in
human health and well-being [32]. Evidence has shown that testosterone as an anabolic steroid is applied
for male hypogonadism treatment and certain types of breast cancer [33—-34]. In addition, testosterone
has been documented to be implicated in muscle growth and development of humans [35]. It is reported
that androgens show function in stimulating muscle generation, and facilitating reinnervation and
angiogenesis [36]. Testosterone, a kind of androgens, has been found to stimulate the activation of
androgen receptor of nerve, which promotes reinnervation in the process of muscle grafts [37—-38].
Previous evidence has suggested that testosterone plays a differential regulatory role in the regeneration
of facial motoneurons [39]. A study in male hamsters showed that testosterone mediated the accelerative
recovery of facial paralysis [40], which was consistent with therapeutic effect of She-xiang on facial
paralysis.

Besides, JUN was predicted to be a protein target for testosterone. Jun protein family plays a regulatory
role in collagenase expression after stimulated by various extracellular signals [41]. Jun protein has been
found to be selectively expressed in peripheral nerves of rats after axotomy and plays a role in nerve
generation [42]. Besides, the expression of Jun protein is increased after the activation of mitogen-
activated protein kinase (MAPK) pathway induced by UV radiation in skin [43]. Previous report has
suggested that MAPK is activated in mice with facial pain induced by occlusal interference [44]. MAPK
signaling pathway has been suggested to be involved in the evolution of facial palsy in the mice model
[45]. A previous study suggested that MAPK signaling was one of the downstream pathways underlying
the role of ciliary neurotrophic factor (CNTF) and brain-derived neurotrophic factor (BDNF) in improving
facial nerve regeneration and functional recovery [46]. In the present study, the interaction was identified
between JUN protein and MAPK signaling pathway. Taken together, we suggested that JUN protein and
MAPK signaling pathway were implicated in the recovery of facial nerve disorder.

Furthermore, our data showed that cAMP signaling was another pathway involved with Jun protein.
cAMP is the second messenger involved in the central nervous system (CNS) axonal regeneration. The
level of cAMP is elevated under the process of advanced growth of CNS neurite induced by neurotrophies
such as BDNF and glia-derived neurotrophic factor (GDNF) [47]. In addition, the up-regulated cAMP
induced by trk receptor signaling plays a key role in improving axonal outgrowth of peripheral nerve.
Testosterone has been suggested as one of the agents that show consideration promise for the treatment
of peripheral nerve injury [48]. In our study, the JUN protein was predicted to be the target for testosterone
and pathway analysis showed that cAMP signaling pathway was a significant pathway involved with
JUN. Thus, we suggested that testosterone may improve the recovery of facial paralysis by targeting JUN
involved in cAMP signaling pathway.

Testosterone and ASD co-exist in human plasma [49]. In our study, the interactive docking of TFOS-ASD
was predicted. ASD is found to show proliferative effect on androgen-sensitive LNCaP cells [50], while
there was rare evidence for the therapeutic role of ASD on facial paralysis. Our data show that ASD
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targeting 1TFOS may play a key role in treating facial paralysis. However, further analyses are urgently
needed.

In conclusion, this work hypothesized testosterone as the effective component of She-xiang which may
advance the recovery of facial paralysis by targeting FUN, MAPK and cAMP signaling pathway; docking
of ASD and 1FOS might play a critical role in facial paralysis treated by She-xiang. The future work can
take this as a breakthrough to continue studying the mechanism and improving clinical outcomes of She-
xiang in treating facial paralysis.
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Figure 1

The volcano plot and heatmap differentially expressed genes The differentially expressed genes in the
whole blood samples of 5 facial paralysis patients, compared with 5 healthy controls. (A) The volcano
plot of differentially expressed genes was visulized by ggplot2 software based on significant p values
and fold change. (B) The heatmap of differentially expressed genes was analyzed by heatmap 2 in R.

The gene expression profiles were significantly different between patinets and controls.
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Figure 2

Venn diagram for the overlapped proteins by cross-validation The protein targets related with facial
paralysis were predicted based on BATMAN and CTD database. Then, the overlaps with differentially
expressed genes were analyzed by Venn analysis. Finally, 33 overlaps were identified.
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Figure 3

Top 20 significant GO biological processes of protein targets The proteins of interest were subjected to
GO function enrichment analysis by clusterprofiler. The significant GO terms with p value < 0.05 in
biological process category were analyzed. Top 20 GO terms were listed. Vertical axis represents GO
terms or pathways, horizontal axis indicates gene ratio enriched in a given GO term or pathway. The size
of the nodes represents the ratio of enriched genes and the color closer to red indicates the p values
closerto 0.
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Figure 4

The significant pathways of protein targets The significant pathways for proteins with p<0.05 were also
analyzed with clusterProfiler in R. Vertical axis represents GO terms or pathways, horizontal axis indicates
gene ratio enriched in a given GO term or pathway. The size of the nodes represents the ratio of enriched
genes and the color closer to red indicates the p values closer to 0.
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Figure 5

Protein-protein interaction network The protein pairs with combined score > 0.4 were retrieved from
STRING database and the protien-protein interaction network was constructed by Cytoscape software.
Yellow dot, up-regulated target protein; blue square, down-regulated protein.
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Figure 6

Pharmacology network of herb She-xiang The integrated network with active components of herb She-
xiang, their protein targets, and related pathways was constructed by cytoscape software. Red rhombus,
active ingredient; yellow dot, up-regulated target protein; blue square, down-regulated protein; green
hexagon, pathway.
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Figure 7

Interactive docking prediction of key target protein and effective component The 3D structure of key
target protein was obtained from Protein Data Bank database and the molecular structure of effective
components were predicted by PubChem Compound database. The docking possibility of key protein and
effective component was predicted by AutoDock software. (A) Molecule structure of Androst-4-Ene-3,17-
Dione (ASD); Green, C; gray, H; red, O. (B) Linear 3D structure of FOS-JUN complexes (1F0S). (C) Surface
3D structure of FOS-JUN complexes (1F0S). (D) Global graph of molecule docking of TFOS and ASD.
Opaque white, 3D model of 1FOS; translucent molecule, ASD. (E)local map of molecular docking model.
Translucent molecule indicates ASD ligand. Spheres and secondary structure fragments represent
hydrogen bond or atoms with intimate contact with ASD ligand. Affinity is -7.9 and the interaction
sequences between 1FOS and ASD include LYS267, ASN271,DC26 and DT14.
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