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Abstract

Purpose: To investigate the underlying effect of the Chinese herbal pair, Semen Persicae—Carthami
Flos (PC), on psoriasis using network pharmacology.

Method: The core components and targets of the Chinese herbal pair were screened using TCMSP
and BATMAN databases. Psoriasis disease targets were searched in OMIM and GeneCards
databases. The common targets of the herbal pair and psoriasis were identified using a Venn diagram.
The component—psoriasis-target network map was constructed using Cytoscape software. Protein
interaction analysis, Gene Ontology, and Kyoto Encyclopedia of Genes and Genomes enrichment
analysis were performed on STRING website, R Project, and DAVID 6.8 database. Molecular docking
was performed using AutoDock Vina software to predict the binding of herbal pair PC to psoriasis
targets.

Results: A total of 45 components and 105 potential targets of PC, as well as 3729 psoriasis-related
genes, were screened from the databases. Venn diagram shows that there were 62 common targets of
PC and psoriasis. These common targets involved biological processes such as DNA transcription
factor receptor binding, cytokine receptor binding, and regulation of molecular function. The targets also
involved apoptosis and the advanced glycation end-products (AGE)-receptor for AGEs (RAGE), tumor
necrosis factor, and phosphatidylinositol 3-kinase/protein kinase B signaling pathways. In addition, the
main active components of PC spontaneously bound to the targets.

Conclusion: The Chinese herbal pair PC provides an alternative clinical therapeutic strategy for
patients with psoriasis.

Keywords: Network pharmacology, Molecular docking, Semen Persicae — Carthami Flos (PC), Chinese
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INTRODUCTION etiology of psoriasis is known to be related to

genetic, environmental, and immune factors;
Psoriasis is a chronic recurrent inflammatory skin ~ drugs; and infection. At present, psoriasis is
disease with a global incidence of 1 %—2 %, treated mainly with systemic application of
which approaches 0.5 % in China [1]. The retinoids, immunosuppressive agents,
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cyclosporine, biological agents, topical
glucocorticoids, and vitamin D3 analogues as the
main therapeutic measures [2]. Although the
main existing therapeutic measures are effective,
they do not relieve psoriasis for a long time and
adverse reactions to the medication are serious.
Therefore, the development of new drugs for the
treatment of psoriasis has been an important
topic of research in dermatology.

In traditional Chinese medicine (TCM), blood
stasis syndrome is common in quiescent
psoriasis and is one of the main symptoms of
psoriasis. Semen Persicae—Carthami Flos (PC)
is an herbal pair that promotes blood circulation
and eliminates blood stasis in TCM [3]. Semen
Persicae and Carthami Flos activate blood
circulation, remove blood stasis, and relieve pain
[3]. Modern pharmacological studies of PC have
found that PC effectively promotes blood
circulation, reduces blood viscosity, and exerts
antithrombotic as well as anti-inflammatory
effects [4]. Cyberpharmacology is a new
discipline to study the pharmacological
mechanisms of TCM, which can provide a
comprehensive analysis of the mechanism of
TCM through the integration of herbal
pharmacology, high-throughput bioinformatics,
and data analysis software systems.

In this study, the major components, key targets,
and signaling pathways of PC were investigated
through network pharmacology in order to
provide a more comprehensive understanding of
potential mechanisms and a reference basis for
the basic and clinical research of PC on the
treatment of psoriasis.

EXPERIMENTAL

Screening of active ingredients and potential
targets of PC

All chemical components of PC were retrieved
from the TCM Systematic Pharmacology analysis
platform (TCMSP) and Bioinformatics Analysis
Tool for Molecular Mechanism of Traditional
Chinese Medicine (BATMAN-TCM). TCMSP
contains more than 499 herbal medicines and
their corresponding components (about 30,000)
and provides relatively comprehensive drug
activity data for each compound. BATMAN-TCM
systematically displays the chemical composition
of each herbal medicine, predicts its important
targets, and performs bioinformatics analysis,
thus helping researchers to comprehensively
understand the pharmacological effects of herbal
medicines. Using oral bioavailability (OB) = 30 %
and drug-likeness (DL) = 0.18 as screening
conditions, a PC-target dataset was then

established by combining the composition-
predicted targets of TCMSP and BATMAN-TCM.

Screening of disease targets

Psoriasis-related target information was obtained
by searching Online Mendelian Inheritance in
Man (OMIM, https://omim.org) and the Gene
Cards database
(https://genealacart.genecards.org) for relevant
targets with a correlation = 5 using the keyword
"psoriasis" and deleting duplicate targets.

Construction of PC active-ingredient-target
network

The common targets of the herbal pair and
psoriasis were obtained by constructing a drug—
disease-target Venn diagram, in order to obtain
the mapping information of PC-component—
psoriasis targets. The regulatory network of PC
active-ingredients—targets was constructed using
Cytoscape 3.7.2 software. In the construction
process, the "node" information included TCM,
active pharmaceutical ingredients, and a target.
The relationship between nodes is represented
by interaction lines.

Construction of protein-protein interaction
network

Protein-protein interaction (PPI) analysis was
performed by importing the common targets of
psoriasis and PC in the STRING database
(https://string-db.org/). "Homo sapiens" was
selected as the screening condition and the
minimum interaction score was chosen as 0.400
to construct the PPI network graph. The PPI
results were imported into Cytoscape 3.7.2
software for visualization. The top 30 core target
genes were filtered on the basis of the count
value, and the potential core targets finally
predicted.

Analysis of Gene Ontology function and
Kyoto Encyclopedia of Genes and Genomes
pathway enrichment

Gene Ontology (GO) function and Kyoto
Encyclopedia of Genes and Genomes (KEGG)
pathway enrichment analyses were performed on
the common target proteins using R software and
the DAVID database (https://david.ncifcrf.gov/).
GO functional analysis is mainly used to depict
the functions of gene targets, such as cellular,
molecular, and biological functions. KEGG
enrichment analysis can identify the signaling
pathways enriched by the common targets of PC
and psoriasis. GO functional analysis and
enrichment analysis were statistically significant
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at p < 0.05. The top 20 KEGG-ranked pathways
were screened and combined with document
searches to identify pathways that may be
relevant to psoriasis treatment.

Potential active-ingredient-target-protein
molecular docking study

The 3D structures of the core active ingredients
of PC and the key targets were obtained from the
PubChem database and the PDB database,
respectively. These 3D structures were
dehydrated, hydrogenated, and converted into
PDBQT format, and then the batch molecular
docking analysis was performed using AutoDock
Vina 1.1.2 software. Usually, if the binding
energy is < 0, the ligand and the receptor bind
spontaneously. If the binding energy is < -5.0
kd/mol, the molecules will be well docked to the
targets.

RESULTS
Active ingredients and potential targets of PC

After searching the active ingredients of PC in
TCMSP and BATMAN-TCM and screening these
active ingredients according to OB = 30 % and
DL = 0.18, 45 potential core active ingredients
and their 105 corresponding targets were finally
obtained. The basic profile of major active
ingredients in PC is detailed in Table 1.

Screening of psoriasis targets

A total of 3729 targets was obtained after
searching psoriasis-related targets in OMIM and
GENECARD databases and removing duplicate
data. As shown in Figure 1, 62 common targets
of PC and psoriasis were obtained by
constructing a Venn diagram.

Figure 1: Venn diagram of PC and psoriasis targets

Table 1: Basic profile of major active ingredients of PC

Mol ID Molecule Name OB (%) DL
MOLO 2,3-Didehydro ga70 63.29 0.5
01328
MOLO 6-Hydroxykaempferol 62.13 0.27
02712
MOLO gt_Carthamone 51.03 0.2
02717
MOLO Quercetin 46.43 0.28
00098
MOLO 7,8-Dimethyl-1h- 45.75 0.19
02757 pyrimido[5,6-

g]quinoxaline-2,4-dione
MOLO Quercetagetin 45.01 0.31
02721
MOLO Stigmasterol 43.83 0.76
00449
MOLO Lignan 43.32 0.65
02695
MOLO Kaempferol 41.88 0.24
00422
MOLO 3-0-P-coumaroylquinic 37.63 0.29
01368 acid
MOLO Campesterol 37.58 0.71
00493
MOLO Beta-carotene 37.18 0.58
02773
MOLO Hederagenin 36.91 0.75
00296
MOLO Beta-sitosterol 36.91 0.75
00358
MOLO Luteolin 36.16 0.25
00006
MOLO Baicalein 33.52 0.21
02714

DL, drug-likeness; OB, oral bioavailability

Construction of PC
psoriasis target network

active-ingredient—

The information on the common targets and the
mapping relationships between the active
ingredients of PC and psoriasis were used to
build a network diagram of PC active-ingredient—
psoriasis targets (Figure 2). The constructed
network was analyzed using the Network
Analyzer function in Cytoscape 3.7.2 software,
and the node importance was expressed using
the degree function. The top five active
ingredients in this network are quercetin, luteolin,
kaempferol, B-sitosterol, and baicalein.
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Construction of PPI network

The 62 common targets were imported into
STRING, and the high confidence level of 0.900
was selected. The PPl.tsv file was downloaded
to obtain a PPI network graph (Figure 3), which
shows that there were 62 nodes and 624
interaction lines in the PPl network graph. The
top 30 core target genes were selected based on
the count value, and Figure 4 shows that the top
5 core target genes were serum albumin (ALB),
interleukin 6 (IL-6), vascular endothelial growth
factor A (VEGF-A), epidermal growth factor
receptor (EGFR), and caspase-3. Moreover, the
core target-related gene signaling pathways
involved angiogenesis, inflammation, and
apoptosis.

GO function enrichment analysis

In order to better understand the potential
pharmacological activity of PC for the treatment
of psoriasis, GO and KEGG enrichment analyses
of common targets were performed using R
software and the DAVID 6.8 database. Results of
GO enrichment (Figure 5) showed that the
targets of PC for psoriasis treatment affected 89
biological processes, including DNA transcription
factor receptor binding, cytokine receptor
binding, and regulation of molecular function.
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Figure 2: Regulatory network of PC-ingredient—
psoriasis targets
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Figure 3: The interaction network of candidate targets
of PC in psoriasis.
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candidate targets in psoriasis
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Figure 5: Bubble diagram of GO functional enrichment
analysis of PC and psoriasis common target proteins
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KEGG functional enrichment analysis

KEGG enrichment analysis yielded 121 signaling
pathways. The top 20 pathways with high
significance were selected for the bar graph
based on the p-value magnitude in combination
with literature search. The results (Figure 6)
show that significant signaling pathways
associated with psoriasis include fluid shear
stress and atherosclerosis, the advanced
glycation end-products (AGE)-receptor for AGEs

(RAGE) pathway, apoptosis, tumor necrosis
factor (TNF) pathway, and the
phosphatidylinositol ~ 3-kinase  (PI3K)/protein

kinase B (AKT) pathway.

Figure 6: Histogram of the top 20 signaling pathways
identified in KEGG pathway enrichment analysis

Potential active-ingredient-target-protein
molecular docking analysis

The 3D structures of the five active ingredients
(quercetin, luteolin, kaempferol, B-sitosterol, and
baicalein) and the crystal structures of the five
targets (ALB, IL-6, VEGF-A, EGFR, and
caspase-3) were obtained from the PubChem
database and the PDB database, respectively,
and then subjected to bulk molecular docking
analysis using AutoDock Vina 1.1.2 software.
The results are shown in Table 2 and Figure 7.
The binding energy of the five active ingredients
docked to the main target was < -5.0 kJ/mol,

demonstrating that the molecules docked well to
the targets. Notably, the most tightly bound was
EGFR with luteolin. Therefore, quercetin, luteolin,
kaempferol, B-sitosterol, and baicalein are the
main active ingredients of PC for the treatment of
psoriasis.
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Figure 7: Molecular docking pattern. ALB, serum
albumin; EGFR, epithelial growth factor receptor; IL-6,
interleukin 6

DISCUSSION

The common symptoms of psoriasis include
blood heat, blood dryness, and blood stasis [5].
The main dialectical idea of modern TCM
treatment of psoriasis is “treatment based on
different blood situation.” The main TCM
treatment principles of psoriasis include cooling
blood, nourishing blood, and promoting blood
circulation. In TCM, PC is commonly used in
psoriasis therapy, and PC is mostly used as a
core medicine in TCM prescriptions. Semen
Persicae is bitter and sweet in taste, neutral in
nature, and activates blood circulation, eliminates
blood stasis, loosens the bowel, and relieves
cough and asthma. Carthami Flos is pungent in
taste, warm in nature, and can activate blood
circulation, disperse blood stasis, and relieve
pain. Pharmacological studies have shown that
Semen Persicae and Carthami Flos both have
anti-inflammatory, anti-apoptosis, and immunity-
enhancing effects. However, the mechanism of
PC in psoriasis remains unclear.

Table 2: Molecular docking results of active ingredients in PC

Active ingredient EGFR ALB IL-6 CASP3 VEGFA
(kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
B-Sitosterol -9.2 -10.1 -7.7 -7 -6.8
Luteolin -10.2 -8.1 -8.6 -6.1 -6
Quercetin -74 -8 -7.6 -6.2 -5.6
Baicalein -7.8 -7.9 -7.9 -6.3 -5.9
Kaempferol -75 -7.8 -7.4 -6 -5.4

ALB, serum albumin; CASP3, caspase-3; EGFR, epithelial growth factor receptor; IL-6, interleukin 6; VEGFA,

vascular endothelial growth factor A
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Therefore, a network pharmacology approach
was implemented to further explore the
pharmacological mechanism of PC.

Through pharmacological activity screening, 45
active ingredients of PC were identified, including
quercetin, luteolin, kaempferol, B-sitosterol, and
baicalein. Quercetin is a flavonoid with anti-
inflammatory and antioxidant activity [6]. Studies
have shown that inflammatory factors, such as
TNF-a, IL-6, and IL-17, are associated with the
development of psoriasis, and the levels of TNF-
a, IL-6, and IL-17 are significantly increased in
the serum of psoriasis patients. Additionally,
quercetin  significantly promotes miR-146a
expression, and miR-146a inhibits the levels of
TNF-q, IL-6, and IL-17. Therefore, quercetin can
be used to treat psoriasis by indirectly
suppressing increases of TNF-q, IL-6, and IL-17
in serum of patients. Luteolin reduces the ratio of
helper T cells (Th) 1/Th2 and Th17/regulatory T
cells (Treg) in peripheral blood and suppresses
the levels of Th1 and Th17, exerting an anti-
inflammatory effect [7].

Kaempferol clearly reduces the levels of IL-6, IL-
17A, nuclear factor kappa B (NF-kB), and TNF-a
in serum, thus improving the inflammatory
response in psoriatic lesions [8]. B-sitosterol
exerts anti-inflammatory effects by inhibiting the
expression of TNF-a [9]. Baicalein arrests the
growth of keratinocytes by inhibiting their
proliferation but does not accelerate keratinocyte
apoptosis [10]. The results of this study showed
that the binding energies of quercetin, luteolin,
kaempferol, B-sitosterol, and baicalein were less
than -5.0 kJ/mol, suggesting that these core
active ingredients bind strongly to their targets.

The results of network pharmacological analysis
showed that the potential targets of PC for the
treatment of psoriasis include ALB, IL-6, VEGF-
A, EGFR, and caspase-3. IL-6 is an inflammatory
cytokine secreted by macrophages and is
involved in the inflammatory response in the
body. The level of IL-6 is significantly elevated in
the skin lesions of psoriasis patients [11]. Li et al
found that VEGF can be one of the targets for
clinical treatment of psoriasis [12]. An early
pathological change in psoriatic lesions is the
infiltration of T lymphocytes. When activated, T
lymphocytes invade the epidermis and release
large amounts of epidermal growth factor and
inflammatory mediators, which in turn promote
the secretion of cellular chemokines, stimulating
epidermal cell proliferation and inducing
inflammatory responses by causing leukocytes in
the blood to act on vascular endothelial cells.
The caspase (CASP) family plays an important
role in the biological process of apoptosis.

Caspase-3 belongs to the effector CASPs, and
its expression determines apoptosis [13]. In
recent years, it has been found that in the CASP
family, the expression of caspase-1, caspase-4,
and caspase-5 is increased in psoriatic lesions,
and caspase-5 shows especially high psoriasis
specificity [14]. However, the relationship
between caspase-3 expression and psoriasis has
not yet been experimentally confirmed and is
worthy of further research and exploration. GO
functional enrichment analysis of the intersecting
genes in this study showed that PC genes in
psoriasis regulate DNA transcription factor
receptor binding, RNA polymerase Il promoter
transcription, and the process of apoptosis.
These results revealed that PC affects protein
binding, enzyme binding, and transcription factor
activity in psoriasis. The KEGG enrichment
analysis showed that PC played a key role in the
therapeutic targets of psoriasis mainly through
TNF, AGE-RAGE, PI3K-AKT, and the apoptotic
signaling pathway. The TNF pathway is the core
signaling pathway of the inflammatory response
and has an important role in psoriasis [15].

Network pharmacological analysis showed that
PC mainly affects the NF-kB pathway in TNF-
related pathways. The extracellular stimulation of
TNF-a activated IkB kinase-2 (IKK-2)/NF-kB, and
then produced IL-2, IL-6, and IL-8, thereby
contributing to the pathological process of
psoriasis [16]. The AGE-RAGE signaling
pathway exacerbates the inflammatory response

by affecting the NF-kB pathway [17]. The
PIBK/AKT  pathway is involved in cell
proliferation, differentiation, apoptosis, and

glucose transport. PI3K is an important kinase of
inositol and phosphatidylinositol (PI), which can
reduce the level and transcriptional activity of
FOXO proteins in the nucleus through a series of
signaling pathways, inhibiting FOXO-regulated
cell cycle and apoptosis [18]. Caspase-3,
caspase-8, Bax, and Bcl-2 are the important
apoptotic regulators. Although caspase-3 and
caspase-8 are highly expressed in psoriatic
lesions, the precise regulatory effect in psoriasis
needs further investigation.

A limitation of this study is that the accuracy of
the pharmacologically active ingredients and
targets found in this study was not verified
experimentally.

CONCLUSION

The findings of the present study show that
network pharmacology facilitates an
understanding of the therapeutic effects of PC on
psoriasis and also demonstrate the properties of
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the Chinese herbal pair which may involve
regulation of psoriasis target genes.
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