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Abstract
position-network pharmacology. [ Methods] First of all, the chemical constituents of Polygonum capitatum and Plantago asiatica from Sijicao
granules were collected, and the relevant target information of the constituents was collected by TCMSP, PubChem, DisGeNET, GeneCards

[ Objectives ] To explore the pharmacodynamic material basis of Sijicao granules for the treatment of eczema through chemical com-

and STRING databases. Furthermore, Cytoscape 3. 8.2 software was used to construct the chemical compounds-target network map of Sijicao
granules. Finally, STRING database was used for PPI protein network analysis, GO functional enrichment analysis and KEGG pathway enrich-
ment analysis of core targets, and molecular docking between core constituents and protein targets was also performed. [ Results] 30 constitu-
ents, including quercetin, kaempferol, luteolin, ellagic acid and gallic acid, were discovered to be the key effective compounds of Sijicao gran-
ules in the treatment of eczema. And its core action protein targets were PTGS2, NOS2, AKTI, TP53, IL6, HMOXI1. What’s more, through
GO functional enrichment analysis of hiological process (BP), cell component (CC), molecular function (MF) analysis and KEGG pathway
enrichment analysis, the main pathways of action of Sijicao granules for the treatment of eczema including IL-17 signaling pathway, T cell re-
ceptor signaling pathway, cancer signaling pathway, TNF signaling pathway and Relaxin signaling pathway. In addition, molecular docking re-
sults displayed that the primary active constituents quercetin, kaempferol and luteolin were well combined with the core protein targets AKT1
and IL6. [ Conclusions] Sijicao granules could play an important role for the treatment of eczema through multi-component, multi-target,

multi-pathway and their interaction.

Key words Sijicao granules, Network pharmacology, Eczema, Polygonum capitatum, Plantago asiatica L. , Molecular docking

1 Introduction

Eczema, a common dermatological disease, is mainly caused by a
variety of internal and external factors with obvious exudation
tendency of skin inflammation, which has various forms. Iiching is
severe during the attack, and it is prone to relapse and difficult to
cure, which seriously affects people’s quality of life'''. At pres-
ent, corticosteroids, histamine antagonists and vitamins are com-
monly used in the topical treatment of eczema. Compared with
these hormone preparations, Chinese medicine and its traditional
Chinese medicine preparations show less adverse drug reactions
and toxic side effects, better therapeutic effect, and have no effect

)1t has been reported

on pregnant women and lactating women
that the flowers and roots of some medicinal plants contain effec-
tive constituents that can repair, smooth and protect skin, and ef-

SLAL present, there are a

fectively improve eczema symptoms
wide range of traditional Chinese medicine compound preparations
for eczema treatment in clinic, such as compound Qinbai granules

", compound

for fumigation, hip bath and pine pollen treatment"*
flumethasone soft capsules, compound triamcinolone acetonide
cream”’ and Longdan Xiegan Decoction treatment® .

Sijicao granules (also known as Tonglinshu granules) are tra-
ditional Chinese medicine granules extracted from Polygonum cap-
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itatum and P. asiatica L. in Guizhou Province , mainly having the
pharmacological effects of clearing away heat and toxic materials,
diuresis and relieving stranguria. They are commonly used to treat
dysuria, short and red urine, chronic prostatitis, prostatic hyper-
plasia and other diseases in clinic”” ™*'. According to the literature
investigation on the chemical constituents of P. capitatum and
P. asiaiica L. , P. capitatum mainly contains flavonoids, phenol-
ic acids, lignans and other chemical constituents, while P. asiati-
ca L. mainly contains flavonoids, triterpenes, polyphenols and al-
kaloids" ™", Pharmacological activity studies show that P. asiati-
ca L. and P. capitatum have significant anti-inflammatory, anti-
bacterial , anti-tumor and antioxidant activity'"' ™', In particular,
quercetin, a flavonoid from P. capitatum, shows significant phar-
macological activity such as anti-inflammatory, antibacterial and
451 In addition, it has been reported that
Sijicao granule has alleviating effect on eczema, but its material

anticancer effects

basis, action pathway and action target have not been reported,
which seriously limits its quality control and deep development and
application.

The mechanism of " multi-component—multi-target—multi-
pathway" in network pharmacology has unique advantages in ana-
lyzing various complex diseases, especially the research methods
for analyzing traditional Chinese medicine compounds are gradual-

ly widely used """

To sum up, this paper used network phar-
macological analysis to predict the effective constituents, action
pathways and action targets of Sijicao granules in treating eczema,
which provides a theoretical basis for the study of material basis

and action mechanism of Sijicao granules in treating eczema.

2 Materials and methods
2.1 Materials TCMSP database (http://lsp. nwu. edu. cn/tc-



2 Medicinal Plant 2023

msp. php), DisGeNET database (http://www. disgenet. org/) ,
GeneCards database ( https://www. genecards. org/), STRING
database ( https://string-db. org/), Cytoscape 3. 8. 2 software
(http://www. cytoscape. org ), PDB database ( http://www.
resh. org) , Chem3D software, PubChem database (‘https://pub-
chem. ncbi. nlm. nih. gov) , Pymol software, eic.

2.2 Methods

2.2.1 Screening of chemical constituents and acquisition of ac-
tive constituents. The chemical constituents of P. capitatum and
P. asiatica L. in Sijicao granules used in this experiment come
from the previous research of this experimental subject and related
literature reports. By TCMSP database and PubChem database,
the active constituents of P. capitatum and Planiago asiatica L.
were collected and screened. The action targets of active constitu-
ents of P. capitatum and P. asiatica L. were obtained from TCM-
SP and PubChem databases, and the target proteins collected from
the two databases were combined respectively, and the duplicate
proteins were removed.

2.2.2 Acquisition of eczema disease targets. Through DisGeNET
database and GeneCards database, eczema-related targets were
collected with "eczema" as the key word.

2.2.3 Transformation of related targets. The obtained active
constituent target and disease target were imported into STRING
respectively, and the species was limited to human, so as to trans-
form into human genes.

2.2.4 Construction of network map of active constituents and
targets related to eczema diseases. The collected active constitu-
ents of Sijicao granules and eczema disease targets were screened
by Venn diagram, and the common targets were obtained. The se-
lected active constituents and common targets were imported into
Cytoscape 3. 8. 2 software, and the chemical composition-target
network diagram was established. Then topological analysis was
used to sort the data according to the degree value, and the com-
pounds and targets with high correlation degree were selected for
subsequent experimental analysis.

2.2.5 Construction of PPI network of interaction between Sijicao
granules and eczema targets. The common proteins of chemical
constituents and disease-related proteins were taken, that is, the
common targets of chemical constituents of Sijicao granules in trea-
ting eczema. STRING database was used to analyze the interaction
between proteins.

2.2.6 Gene function enrichment and molecular docking. GO
analysis and KEGG analysis were performed on the core targets of
Sijicao granules by STRING database. AutoDock Tools and other
software were used for molecular docking between core protein and

main pharmaceutical chemical constituents.

3 Results and analysis

3.1 Screening results of chemical constituents According to
the previous research of the experimental research group and the
analysis of related literature reports, 70 compounds were collected
from P. asiatica L. , among which 10 compounds were finally ob-
tained according to ADME (oral bioavailability OB=30% , drug
resistance DR=0.18) (Table 1).

Table 1 Chemical constituents of Plantago asiatica L.

PubChem Name of
No. database OB // % DR

identification code compound
Cl Mol001735 dinatin 30.97 0.27
c2 Mol002714 baicalein 33.52 0.21
C3 Mol002776 baicalin 40.12 0.75
Cc4 Mol.000359 sitosterol 36.91 0.75
5 MoL004004 6-OH-Luteolin 46.93 0.28
C6 MoL000449 stigmasterol 43.83 0.76
Cc7 MoL000006 luteolin 36.16 0.24
C8 Mol007799 B-sitosteryl palmitate 30.90 0.39
C9 MoL007796 stigmasteryl palmitate 38.09 0.40
C10 Mol.007783 melampyroside 57.49 0.79

According to the previous research and related literature re-

ports, 27 compounds were collected from P. capitatum (Table 2).

Table 2 Chemical constituents of Polygonum capitatum

PubChem

No. database identi- Name of OB // % DR
fication code compound
T1 MOLO009720  daidzin 14.32 0.73
T2 MOL000009 luteolin-7-0-glucoside 7.29 0.78
T3 MOL002007  myricetrin 5.08 0.77
T4 MOL000422  kaempferol 41.88 0.24
T5 MOLO000492  catechin 54.83 0.24
T6 MOL007456  isosilybin 0.93 0.92
T7 MOL007450  silybin 0.93 0.93
T8 MOLO000437  hirsutrin 1.86 0.77
T9 MOLO004576  taxifolin 57.84 0.27
T1I0  MOLO02566  quercetin-3-methyl ether 10.1 0.30
T11 MOLO00098  quercetin 46.43 0.28
T12 ~ MOLO00009 luteoloside 7.29 0.78
T13 MOL000701  quercitrin 4.04 0.74
T14 MOL003934 3, 5-dihydroxy-<4-methoxy- 36.74 0.05
benzoic acid
T15  MOL003178  2,5-dihydroxybenzoic acid 29.33 0.04
T16 ~ MOLO01807  syringic acid 47.78 0.06
T17 ~ MOL000105  protocatechuic acid 25.37 0.04
T18  MOLO00114  vanillic acid 35.47 0.04
T19  MOL001002 ellagic acid 43.06 0.43
T20  MOL001907  ethyl gallate 25.61 0.06
T21 MOL000513  gallic acid 31.69 0.04
T22  MOLO00578  rutin 6.82 0.15
T23 ~ MOLO00708  benzaldehyde 32.63 0.01
T24  MOLO10961  kaempferol-3-O-rhamnopyr- 5.31 0.70
anoside
T25  MOL005467 epicatechin-3-O-gallate 17.89 0.75
T26 ~ MOL002815  arbutin 6.82 0.15
T27 ~ MOL002929  salidroside 7.01 0.20

3.1.1

chemical constituents were collected from P. asiatica L. and

Acquisition results of active constituents. 10 and 27

P. capitatum, 109 and 186 targets were obtained respectively after
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removing duplicates by TCMSP and PubChem databases. The gene
was transformed into human gene by STRING database, and 144
and 459 targets were obtained respectively after removing dupli-
cates.

3.1.2 Acquisition of eczema disease targets. A total of 3 727 ec-
zema targets were collected by DisGeNET database and GeneCards
database with "eczema" as the key word, and 2 660 corresponding
targets were obtained by transforming them into human genes via
STRING.

3.1.3 Construction of Venn diagram of Sijicao granules-eczema
target. Draw Venn Diagram ( http://bioinformatics. psb. ugent.
be/webtools/Venn/) was used to make Venn diagram of chemical
composition and disease-related targets, and the intersection genes
were determined. As shown in Fig. 1, it can be seen that there
were 43 common targets of Sijicao granules and eczema diseases,

and 31 targets of P. capitatum and P. asiatica L.

T c

I
Note: T. Polygonum capitatum; C. Plantago asiatica L. ; J. Eczema
disease; the purple circle represents the P. capitatum target, pink
circle represents the P. asiatica L. target and green circle repre-
sents the disease target.

Fig.1 Sijicao granules-Venn diagram of eczema disease

3.1.4 Construction of " component-target" interaction network of
Sijicao granules. The component targets collected from TCMSP
and PubChem databases were sorted out, and the compounds with
no corresponding targets detected were removed, thus obtaining 8
potential pharmacodynamic substances of P. asiatica L. alkaloids
and 26 potential pharmacodynamic substances of P. capitatum;
the target data related to eczema collected from DisGeNET data-
base and GeneCards database were imported into Cytoscape 3. 8.2

" active constituent-target" network dia-

software to establish an
gram, and the results are shown in Fig. 2. The constituent-target
interaction network diagram had 526 nodes and 1 622 connection
paths ™. The average connectivity of the network was 6. 167, and
the median was 1. Therefore, the nodes with connectivity greater
than or equal to 4 were determined as the hub nodes of the net-
work. A total of 71 hub nodes were obtained in the target network,
having greater influence and playing a more important role in the

network"* .
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Note: Green circle represents the active constituents of P. capitatum, as
shown in Table 2; red circle represents the active constituents of
P. asiatica L. , as shown in Table 1; the blue triangle symbol in-
dicates the target of eczema disease; the darker the color, the lar-
ger the figure, the stronger the interaction between the constituent
and the target protein.

Fig.2 Constituent-target network diagram of Sijicao granules

3.1.5 Construction of PPI protein target network. 144 targets
corresponding to P. asiatica L. constituents, 459 targets corre-
sponding to P. capitatum constituents and 2 660 eczema targets
were combined to screen out common targets, and PPI protein in-
teraction network analysis was carried out by STRING database.
Cytoscape 3. 8.2 software was used to establish the interaction net-
work diagram between targets. As shown in Fig. 3, the PPI net-
work diagram of common targets was drawn with moderate reliabili-
ty ( >0.400), and the PPI enrichment difference was statistically
significant (P <1.0°7"
3. 8.2 software to make a network diagram (Fig.4), and the con-

). The data were imported into Cytoscape

nectivity of targets was obtained by topological analysis, with an
average connectivity of 38.98 and a median of 40. The targets with
connectivity greater than 20 were selected as the core targets of Si-
jicao granules alkaloids in the treatment of eczema.

Fig.3 Protein-protein interaction network of common targets
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3.1.6

work. 30 potentially effective chemical constituents of Sijicao

Construction of " drug-component-target-disease" net-

granules were obtained by removing compounds with no corre-
sponding targets detected from P. capitatum and P. asiatica L.
respectively, and then imported into Cytoscape 3. 8.2 with the a-
bove 34 core targets to make a network diagram of the connection
relationship between P. capitatum and P. asiatica L. constitu-
ents, core targets and disease eczema (Fig.5).

3.1.7
KEGG. GO analysis and KEGG function enrichment analysis of
core targets were carried out by STRING database. According to

Analysis results of functional enrichment of GO and

the observed gene count value from small to large, the first 30 with
the largest number of targets were selected for visual analysis, and
finally presented in the form of histogram. The potential active
constituents of Sijicao granules in the treatment of eczema were ob-
tained, and the results of GO functional enrichment analysis and
KEGG functional enrichment analysis were shown in Fig. 6 and 7,
and the " drug-constituent-target-disease-pathway" network dia-
gram of Sijicao granules was constructed, as shown in Fig. 8.

3.2 Molecular docking analysis ChemBio3D and PyMOL
were used to pretreat the main constituents in order to further ex-
plore the therapeutic effects of the main effective substances in
Sijicao granules on eczema. The 3D protein structure diagram cor-
responding to the selected target was found through PDB website,
and the semi-flexible molecular docking was carried out by
AutoDock Tools software, and the docking results were edited and
plotted by PyMOL. The docking objects selected were the three
protein targets ( AKT1, T16 and TP53) with the highest connectiv-
ity (shown in the PPI network diagram) with the first three chemi-
cal constituents ( quercetin, kaempferol, luteolin) with the
highest degree among the potential active drug constituents. Refer-
ring to the literature, it can be seen that the docking result was
good when the docking binding energy was < — 1.2 kcal/mol
(1 keal/mol =4.184 kJ/mol) "’ ). See Table 3 for docking re-
sult data and Fig. 9 for docking structure diagram. The above doc-
king results indicated that the active constituents in Sijicao gran-
ules had a good binding effect with some target proteins of eczema.

Table 3 Binding energy of core active compounds and core protein

(kJ/mol)
Compound/ protein Quercetin Kaempferol Luteolin
AKT1 -29.96 -27.95 -26.78
1L6 -22.89 -19.12 -27.91

4 Discussion

By using network pharmacology prediction analysis in this study,
27 and 10 chemical constituents were screened from P. capitatum
and P. asiatica L. of Sijicao granules, and 43 common targets of
Sijicao granules and eczema diseases were screened by Venn dia-
gram analysis. Quercetin, kaempferol, luteolin and ellagic acid
had the highest connectivity with the target protein, and they may
be the main effective constituents in treating eczema. Then,
through PPI analysis and network topology isomerism analysis of 43

common targets, 34 main targets of eczema disease were obtained

such as AKT1, IL6, TP53, CASP3, and PTGS2. These targets
may play an important role in reducing skin inflammation in ecze-
ma, and may even have therapeutic effects. Moreover, this study
found that there was a situation that one effective component corre-
sponded to two or more targets in Sijicao granules. There were on-
ly 8 effective constituents of P. asiatica L. , but there were 144
targets for treating eczema, so we should pay attention to its thera-
peutic effect on eczema. In order to further explore the biological
mechanism of these 34 anti-eczema targets in Sijicao granules,
GO/KEGG pathway enrichment analysis was carried out. Accord-
ing to the analysis of GO function enrichment, it was found that
Sijicao granules can play a role in treating eczema by regulating
biological functions such as cellular response to stimulation, regu-
lation of cellular process, response to chemical, positive regula-
tion of cellular process and signal transduction. At the same time,
KEGG pathway enrichment also showed that the pathways closely
related to eczema mainly included cancer signaling pathway, IL-17
signaling pathway, T cell receptor signaling pathway, TNF signa-
ling pathway, Relaxin signaling pathway and MAPK signaling
pathway. Among them, cancer signaling pathway and T cell re-
ceptor signaling pathway were most significantly enriched, and
AKT1, 116, TP53, CASP3 and PTGS2 were the core targets en-
riched in the pathway. Finally, the molecular docking experiment
showed that quercetin, kaempferol and luteolin, as the main con-
stituents of Sijicao granules, can combine well with ALT1 and
IL6, the core protein targets for treating eczema, indicating that
they may be the main effective constituents and targets for treating
eczema.

Eczema is an inflammatory skin disease, and the cytotoxic
pathway mediated by natural killer cells is related to inflamma-
tion. In addition, there are toll-like receptors (TLRs) , which in-
duce inflammatory reactions by recognizing PAMPs and activating
NF-kB, including the synthesis of IL-1, TNF-a and other cyto-
kines. Both AKT1 and TP53 genes regulate cell proliferation and
growth, and participate in cell processes, including apoptosis and
glucose metabolism. The abnormal expression of AKT1 and TP53
is related to cancer. The pro-inflammatory factor IL-6 can amplify
the inflammatory cascade through its own action on cells and tis-
sues, which leads to the accumulation of immune cells (such as T
cells and B cells, macrophages, mast cells and neutrophils) in in-
flammatory areas and releases inflammatory mediators, thus accel-
erating the occurrence of inflammatory effects. CASP3 is a gene
related to apoptosis. Apoptosis and inflammation strengthen each
other and aggravate the disease. The abnormally high expression
level of CASP3 may be related to the severity of skin injury.
PTGS2 can reduce prostaglandin production by inhibiting epoxyge-
nase activity, thus alleviating inflammation and achieving anti-in-
flammatory and analgesic effects. These target proteins are closely
related to the occurrence of eczema reaction. The purpose of this
study was to determine the mechanism of Sijicao granules in trea-
ting inflammatory eczema by enriching and analyzing the functions

and pathways of Sijicao granules.



Yitong SHEN et al. Investigation on the Material Basis of Sijicao Granules in Treating Eczema Based on Network Pharmacology 5

F2 AKRI1BI1
PLAU SLC2A4

DPP4 ’
I
o i o

oG i "I'<ll"ll} kA TR

AR ii PTGSI
1GF2 m XDH
BCL2
MAOB
MAPKI
ADRAIB L

Fig.4 PPI network of common targets

FR3EX
sSSSS SN
£

%

=5
st
HEEIL
FHEEHERK
{¥daax

4L
iids

T

LHCFE
st

(FEEEL
&

KRR TR
Letsistnt

83t sl
§<

tes st
Taaiiasd
SRETETLE
e
KC&4
4«

X
S S
sCo¢

$ 8¢
&

444
X
+

z

BV
¥
Ny
o
yg
V]
N
¥
v

Ka&g
%
gese
&
HEE
£33
§§§§
&ik

FeeeTe:

Lx4L
&
«HE<<

i
<&k ,;zg 2
CEHRIEEAARL
eSS
LEXEEHEE
X
FHHRE

44

L&

1%
i
8¢
$ € ¢

sy Ny g

Wi it o
s s g
g g

i

Py s g
s Ol e
1 gl N
o N g
o Mgoc dghon N s g
WO e

Fig.5 Drug-constituent-target-disease network

8
EEe e

«
LEEx
“&

P eeeeetecteeereeieean

%
(LK

LE&¥
&
€
&
w54
"

&

LR«

4%«
&
€«

Regulation of nitrogen compound metabolic process 27
System development g;
Regulation of cell communication %;
Protein binding 2728
Primary metabolic process %g
Macromolecule metabolic process %g
Response to stress %g
Regulation of molecular function %3
Negative regulation of biological process 2930
Binding 3031
Response to organic substance g}
Metabolic process 3132
Signal transduction ;%
Response to chemical gg
Cellular response to stimulus - - - - - - EL I

0 5 10 15 20 25 30 35 40
Fig. 6 GO enrichment analysis of Sijicao granules in treating
eczema

Osteoclast differentiation

PD-L1 expression and PD-1 checkpoint.
Pertussis

MicroRNAs in cancer

Yersinia infection

Toxoplasmosis

Endocrine resistance

MAPK signaling pathway

Proteoglycans in cancer

Fluid shear stress and atherosclerosis

Prostate cancer

VWVWVLWVLWVLWVWY
=
o

PRI T T S T S SN T T SO S T T S ST S S S S Y 2 S S|

Kaposi sarcoma-associated herpesvirus. 1]
TNF signaling pathway = ]ﬁ
T cell receptor signaling pathway  e—— 1112
Pathways in cancer | . - - - 24 )
0 5 10 15 20 25 30

Fig.7 KEGG enrichment pathway analysis of Sijicao granules in
treating eczema

i
* 9 -
- -
- P
- S
i3 P4
Y )

{

i
Fa

sk

£e ¢
ey
%

fxEx

i§§§§

R e
i e :
i
iaax

S S S8 S

232
£3&
5%
«
1%
xgs

e 22
xt%%

54

¥4

£

LR FRHHiwwx

%
&%

FEE
72 %-
FHERE
FEEEx
Feageds¥

1EIgaRRx
P
d<&x

5%
2
%
RaEx¥
faak

€ ;}é

z

£

¥
3

fE<«

FEFT k<<

5k
Fe T
ek
TEE¥
&

<
&

=
]
o
[}
=]
2
2
-
g
7
g
o2
¢
&
&
[d
2
?
=
g
:
<

Fig.

Fig.9 Molecular docking diagram of some proteins of eczema and
active constituents of Sijicao granules

(To page 10)



10 Medicinal Plant 2023

[8] GU LF, ZHANG WG, WANG FX, et al. Low dose of homoharringtonine
and cytarabine combined with granulocyte colony-stimulating factor prim-
ing on the outcome of relapsed or refractory acute myeloid leukemia[ J].
Journal of Cancer Research and Clinical Oncology, 2011, 137(6) : 997 -
1003.
[9] CHEN YJ, LIU CY, LYU MX, et al. Molecular mechanism of deguelin-
induced apoptosis and cell cycle arrest in lung cancer cells in vitro[ J].
Chinese Pharmacological Bulletin, 2019, 35(8): 1109.
[10] TOSIYA 1. Genomic organization chromosomal localization and inde-pen-
dent expression of human Cyclin D genes[ J]. Genomics, 1992(13) .
565.

[11] LIU XY, HUANG GY, CHEN PJ, et al. Comparative effects of Yi Jin
Jing versus Tai Chi exercise training on benign prostatic hyperplasia-re-

lated outcomes in older adults; Study protocol for a randomized controlled
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(From page 5)

To sum up, through the application of network pharmacology
and molecular docking technology, we studied and analyzed the
active constituents, targets and pathways of Sijicao granules, and
found that Sijicao granules can treat eczema through the synergis-
tic effect of multiple constituents, multiple targets and multiple
pathways. Sijicao granules can treat eczema through AKT1, 116,
TP53, CASP3, PTGS2 and other targets, mainly aiming at cancer
signaling pathway and T cell receptor signaling pathway, providing
a certain reference for further study.
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