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Abstract

Background: To explore the antibacterial mechanism of the active components of Xiangsu powder through the
network pharmacological approach. Methods: TCMSP database was used to search and obtain the active
components of Xiangsu powder and its corresponding action targets, and its network relationship was defined.
Target points associated with antibacterial effect were searched in Genecards database, and core target genes of
antibacterial effect were obtained by mapping the target points. Finally, the GO biological process and KEGG
metabolic pathway were analyzed in the DAVID database. Results: There were 129 active components, 250 targets,
and 66 biological processes (40 biological processes, 13 molecular functions, 13 cell compositions) and 35 related
signaling pathways. Among them, quercetin may be the main substance that plays a role in the drugs contained in
Xiangsu powder, followed by flavonol kaempferol and flavonoid luteolin. Antibacterial targets such as TNF, Casp3,
PTGS2, ACTB, STAT1 and NFKBL1 are mostly involved in antiviral, anti-inflammatory and immune pathways. It
mainly plays a role in the hepatitis B pathway and tumor necrosis factor signaling pathway. Conclusion: Quercetin,
kaempferol, luteolin and other active components in Xiangsu powder can participate in the action process of
Toll-like receptor pathway, TNF signaling pathway and other pathways through acting on TNF, Casp3, PTGS2, etc.,
and finally achieve the purpose of antibacterial.
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Background

Through the use of antibiotics, we can control the
occurrence and development of many bacterial
infectious diseases. However, with the large-scale
use of antibiotics, bacterial drug resistance, a major
worldwide problem, has emerged. At present,
drug-resistant strains have appeared in the use of
most antibiotics [1], indicating that human beings are
facing the ™antibiotic resistance crisis" [2]. In
contrast, Chinese medicine is not easy to develop
drug resistance and is called "natural antibiotics", but
its bacteriostatic mechanism is complex and needs to
be explored.

Yi Xue Xin Wu (an ancient Chinese medical book
written by Zhong-Ling Cheng in the Qing Dynasty)
said that "pestilence law...... Its syndrome headache
and fever, Xiangsu Powder dispersed ". This paper
intends to conduct a preliminary study on the
antibacterial mechanism of Xiangsu Powder.

The composition of Xiangsu Powder mainly includes
Xiangfu(Rhizoma  Cyperi),  Zisu(perilla leaf),
Chenpi(Pericarpium Citri reticulatae) and
Gancao(baked licorice), which has the functions of
relieving exterior syndrome, regulating qi and blood,
etc., and is a prescription for the Chinese medical
doctors of all ages to treat pestilential diseases [3].
Through literature research, it is found that the
composition of Xiangsu powder has good
antibacterial effect.

The study of Kilani et al. [4] showed that the ethyl
acetate extract of Rhizoma Cyperi could significantly
inhibit the activity of a variety of bacteria. The study
of Yu et al. [5] showed that the methanol extract of
Rhizoma Cyperi could achieve a good killing effect
on Streptococcus mutans. Yao MY et al. [6] found
that single drug of Perilla leaf had good antiviral
effect. The extract of Pericarpium Citri reticulatae
can also inhibit the growth of common superficial
mycosis [7]. As an antibacterial drug, Pericarpium
Citri reticulatae is widely used in various
prescriptions, and is often used in the treatment of
acute and chronic bronchitis, asthma, gastritis and
other diseases and synonyms [8]. The study of Zhang
MF et al. [9] proved that licorice and glycyrrhizic
acid components had significant effects on the
anti-influenza  virus, coronavirus and other
respiratory viruses.

In recent years, network pharmacology has been
applied in practice as a new model of drug research
[10]. Network pharmacology is a research method to
explain and explore the mechanism of action of
drugs by establishing the network relationship
between active components, targets and diseases,
which is especially suitable for the study of the
mechanism of Chinese herbal compounds with
multi-component, multi-target and multi-pathway
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characteristics [11,12].

This paper aimed to investigate the network
relationship among the active components, action
targets and key pathways of Xiangsu powder by
using network pharmacology research and analysis
methods, and explain its antibacterial components
and broad spectrum antibacterial and mechanism
from the perspective of modern pharmacology, so as
to provide theoretical guidance for clinical drug use.

Materials and methods

Software and Database

TCMSP (Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform,
http://Isp.nwu.edu.cn/, Version 2.3), GeneCards
database (http://www.genecards.org/, Version 4.5.0),
Cytoscape software (Version 3.7.1), String database
(https://string-db.org/,  Version  10.5), DAVID
(https://david.ncifcrf.gov, Version 6.8), ETCM
database (http://www.tcmip.cn/ETCM/index.php)

Screening of active components and construction
of active component-target network diagram
TCMSP database was used to screen and identify the
active components with OB (oral bioavailability) >
30% and DL (drug-likeness) >0.18 in Rhizoma
Cyperi, perilla leaf, Pericarpium Citri reticulatae and
baked licorice and their corresponding targets [13].
The active components and targets of Xiangsu
Powder were imported into Cytoscape 3.7.1 to
complete the construction of the network diagram of
"drug-active component-target” of Xiangsu Powder
[14].

Screening of antibacterial targets

The GeneCards database was used to find targets
associated with antibacterial function. Potential
targets of Rhizoma Cyperi, perilla leaf,
Pericarpium Citri reticulatae and baked licorice were
obtained by query in ETCM, and intersected with
human antibacterial targets, that is, the shared genes
of the two were selected as the intersection target.

Protein-protein  interaction (PPl)  network
construction

The mapped intersection targets were imported into
the STRING platform to complete the PPl network
[15].

KEGG metabolic pathway and GO biological
process

The GO biological pathway and KEGG metabolic
pathway of related target proteins were analyzed by
David 6.8 database [16].

Results
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Analysis of screening results of main active
components and targets of Xiangsu Powder

Enter the name of traditional Chinese medicine in the
TCMSP database to search for the active components
in Rhizoma Cyperi, perilla leaf, Pericarpium Citri
reticulatae and baked licorice. By selecting OB>30%
and DL>0.18, a total of 129 active components were
obtained, including 14 perilla leaf, 18 Rhizoma
Cyperi, 92 baked licorice and 5 Pericarpium Citri
reticulatae. See Table 1 for detailed information.

Drug - components- target network analysis

The 129 selected active components and their
corresponding action targets were integrated and
imported into Cytoscape 3.7.1, so as to complete the
construction of the relationship network diagram of
drug composition-active  component-target  of
Xiangsu powder. As can be seen from Figure 1, it
includes 383 nodes and 2562 lines, among which the
degree value of MOL000098 is the largest, indicating
that MOLO000098(quercetin) is the main substance
that plays a role in the drugs contained in Xiangsu
powder.

Screening of antibacterial targets

Using GeneCards database, enter the key search
word "Antibacterial activity" to find the genes related
to Antibacterial effect. Then select the species is
human and search for relevant genes. A total of 784
Antibacterial genes were found. All 582 potential
targets composed of Xiangsu powder were obtained
from ETCM databaseand, and 49 common target
genes were obtained after mapping with the
antibacterial  genes  found in  GeneCards
database,which were the potential antibacterial
targets of the active components of Xiangsu powder.

PPI results of target

The mapped information of 49 potential antibacterial
targets of Xiangsu powder was imported into the
String database, the Multiple proteins function was
used, and species “Homo Sapiens” were selected to
obtain the PPI diagram of antibacterial targets of
Xiangsu powder, as shown in Figure 2. As can be
seen from Figure 2, the PPl network constructed by
the 49 target genes mapped has 33 nodes and 124
lines representing interaction. Adjust and set the size
and color of the target respectively by using the
generate style from statistics function option in
Cytoscape. And the thickness of the edge to represent
the degree and combine score value of the target,
finally a clear protein interaction network diagram is
obtained, as shown in Figure 3.

By analysis and calculation, it is concluded that
the mean values of network degree and medium of
PPI were 7.52 and 0.703, respectively. There were 15
key target proteins (TNF. CASP3. PTGS2. ACTB.
STAT1. NFKB1. IL17A. PPARG. HMOX1.
CD40LG. IFNB1. NOS2 and SOD1. NLRP3.
ANPEP) whose degree and medium were higher than
the above mean value, which indicated that they were
the key targets of Xiangsu powder in the process of
its antibacterial action.

GO biological processes and KEGG pathway
enrichment analysis results

Finally, for screened the active component of
Xiangsu powder and antibacterial core targets ,
analyzed its metabolic pathways and biological
processes on DAVID 6.8 platform , including the GO
function analysis for a total of 66 GO items (P < 0.01,
Figure 4), including 40 biological processes, in
which it includes the virus into host cells, T cell
aggregates, Blood pressure regulation, positive
regulation of smooth muscle cell proliferation, etc.
13 molecular functions; 13 cell components;and 35
KEGG signaling pathways (P < 0.01, Figure 5).

Table 1 List of some active components of Xiangsu Powder

Traditional Chinese active constituents

medicine (TCM)

luteolin ,  gondoic acid , LAX ,  beta-carotene ,  cyanin ,
eugenyl-B-D-glucopyranoside(cirtrusinc) , beta-sitosterol , (+)-catechin, CLR,
Supraene, ZINC03860434, poriferast-5-en-3beta-ol, Linolenic acid ethyl ester, methyl
icosa-11,14-dienoate

Perilla leaf

Chryseriol, isorhamnetin, 8-lsopentenyl-kaempferol, beta-sitosterol, sitosterol,
1,4-Epoxy-16-hydroxyheneicos-1,3,12,14,18-pentaene, Isodalbergin, Khell, khellol
glucoside, Resivit

sitosterol, naringenin

Rhizoma Cyperi

Pericarpium Citri reticulatae  5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl)chroman-4-one, Citromitin, nobiletin
Inermine, DFV, Mairin, Glycyrol, Jaranol, Medicarpin

isorhamnetin , sitosterol , Lupiwighteone , 7-Methoxy-2-methyl isoflavone ,
formononetin, Calycosin, kaempferol, naringenin

Baked licorice
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Discussion

The antibacterial activity of traditional Chinese
medicine is the common result of many effects on
bacteria and organisms. The antibacterial
pharmacodynamic mechanism of traditional Chinese
medicine is mainly to stimulate potential
antibacterial factors in organisms, enhance the
immune response ability of the body to pathogenic
bacteria, thereby reducing the damage of pathogenic
bacteria to the body, and finally realize the
antibacterial effect [17].

Through screening in the network pharmacological
database, we can know that 129 effective active
components in Xiangsu powder act on 250 targets,
among which quercetin is the most active target,
which may be the main substance that plays a role in
the drug effect in Xiangsu powder, followed by
flavonol kaempferol and flavonol luteolin. Modern
studies have shown that quercetin can play
antioxidant [18], antibacterial, anti-inflammatory
[19], anti-tumor [20] and other effects. Li BB [21]
found that quercetin can reduce the activity of
Staphylococcus aureus. Teng N [22] found that
guercetin can have certain effects on bacterial cell
membrane and cell wall. Guo YR et al. found that
[23] luteolin can Kill arcanobacterium pyogenes.
Kaempferol can also inhibit the activity of a variety
of bacteria such as Staphylococcus aureus and
shigella dysenteriae [24]. The above studies are
basically consistent with the results of this
experiment, which  fully  demonstrates the
antibacterial mechanism of Xiangsu powder
combined with multiple components.

The results of this study showed that TNF.
CASP3. PTGS2. ACTB. STAT1. NFKB1. IL17A.

T
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PPARG. HMOX1. CD40LG. IFNB1. NOS2 and
SOD1 . NLRP3 and ANPEP were the key
antibacterial targets of Xiangsu Powder, and the
antibacterial targets of Xiangsu Powder mainly
involved proteins (cytoskeleton proteins, etc.),
transcription factors, receptors, enzymes, etc.,
indicating that these proteins are involved in the
antibacterial mechanism of Xiangsu Powder. Among
them, TNF is an anti-tumor factor, which can Kkill
tumor cells and make tumor cells apoptosis, and can
improve the proliferation ability of T and B cells, and
participate in the inflammatory reaction process, so
as to effectively inhibit bacteria. PTGS2 is a
dioxygenase that is associated with inflammation and
promotes blood vessel formation. It is suggested that
the antibacterial process of XiangSu powder may
first act on bacterial surface proteins, and then
indirectly inhibit bacterial proliferation by inhibiting
bacterial protein synthesis, or inhibit the synthesis of
various enzymes needed in the process of bacterial
growth and reproduction, and finally achieve the
antibacterial and bacteria-inhibiting effect.

Through KEGG pathway enrichment analysis, it
was found that TNF signal pathway and Toll-like
receptor pathway were the key antibacterial
pathways of Xiangsu Powder. Toll-like receptors [25]
can stimulate the production of various bactericidal
substances and cytokines through receptor-associated
kinases, and participate in the immune response
process [26]. TNF can promote cell division, induce
the occurrence of inflammatory response, participate
in biological processes such as antibacterial and
immune regulation, and enhance the killing effect of
phagocytes [27]. The results indicated that Xiangsu
Powder can realize its antibacterial action through
many ways.

1

bt b

Gancao

Figure 1 Network diagram of drug - component - target relationship of Xiangsu powderSquare - Chinese
medicine, circle - active component, diamond - target, hexagon - drug active component intersectio

Submit a manuscript: https://www.tmrjournals.com/pr



TMR

TMR Pharmacology Research doi: 10.12032/TMRPR20210429011

@ )
&S/

SODY

LGALSS /f}
CFTR

CLECAM
- ANPEP PMOKL
" G e
" ACTB
ACE2
@/‘ L oeea /;
Ny PF’ARG = {/
i

‘ cAsps

&

IL17A l ‘ i I 4‘_/_‘! NLRP3 SFTPD
o — %ﬁx\\,.‘w»

B ( % é é «/ ".

- \\\‘Z@/A

QSHZDJA $
7
\\\
U

&

. ﬂ

’\“
€

NFKEl

/

Figure 2 PPI network of Xiangsu powder targets
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Conclusion bacteria or kill pathogens, and exert antibacterial
effects. It further explained the mechanism of
The results of this study showed that Xiangsu broad-spectrum antibacterial function of Xiangsu
Powder can participate in the antibacterial process of Powder, and provided theoretical guidance for
the body through multi-components, multi-targets clinical medication.

and multi-pathways, inhibit the growth of pathogenic
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Figure 4 GO enrichment analysis of the intersection target of Xiangsu powderIn the results of KEGG
enrichment analysis, the first 25 signaling pathways were explored (P < 0.05), and a histogram was made, as shown
in Figure 5, mainly including TNF signaling pathway, hepatitis B pathway, influenza A pathway, cancer pathway

and other key pathways.
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Figure 5 Top 25 pathways of KEGG enrichment analysis of Xiangsu powder targets
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