
Intelligent Pharmacy 1 (2023) 106–115
Contents lists available at ScienceDirect

Intelligent Pharmacy

journal homepage: www.keaipublishing.com/en/journals/intelligent-pharmacy
Exploring the molecular mechanism of Huangqin-Jinyinhua couplet
medicines for the treatment of hand-foot and mouth disease using network
pharmacology, molecular docking and bioinformatics databases

Tianyi Liu a, Bin Xin b, Qi Zhang a, Tingyu Li a, Yang Liu a, Lujuan Li a, Zhong Li a,*

a Department of Pharmaceutics, Dalian Women and Children's Medical Group, Dalian, Liaoning, 116012, China
b College of Pharmacy, Dalian Medical University, Dalian, Liaoning, 116044, China
A R T I C L E I N F O

Keywords:
Huangqin-Jinyinhua couplet medicines
Hand-foot and mouth disease
Network pharmacology
Molecular docking
* Corresponding author.
E-mail address: lzong163@163.com (Z. Li).

Production and Hosting by Else

https://doi.org/10.1016/j.ipha.2023.04.007
Received 10 April 2023; Received in revised form
Available online 20 April 2023
2949-866X/© 2023 The Authors. Publishing service
(http://creativecommons.org/licenses/by/4.0/).
A B S T R A C T

Background: Huangqin-Jinyinhua couplet medicines (HQJYH) were often used to treat hand-foot and mouth
disease (HFMD), although its mechanism remains unclear. This study investigated the active ingredients in
HQJYH and their mechanism when treating HFMD by network pharmacology and molecular docking.
Methods: The TCMSP database obtained the principal active ingredients found in HQJYH. The GeneCards, CTD,
PharmGkb and DisGeNet databases were used to obtain the main targets involved in HFMD, and the merged
targets were obtained by R software and the Venn package. The DAVID database performed GO and KEGG
enrichment analyses on the intersection targets. We also used Cytoscape software to construct an “HQJYH-Active
Ingredients-Targets” network and used the STRING platform to conduct protein–protein interaction (PPI) analyses
on the intersection targets. Molecular docking of core active ingredients-core targets interactions were modeled
using AutoDock Vina software.
Results: 56 active ingredients were found in HQJYH, corresponding to 212 targets, 5323 HFMD targets, and 156
intersection targets. KEGG enrichment analysis found that genes were mainly enriched in the PI3K-Akt signaling
pathway, MAPK signaling pathway and other pathways. Cytoscape showed that the core active ingredients were
quercetin, luteolin, kaempferol, beta-sitosterol, stigmasterol, wogonin, baicalein and acacetin. The PPI network
showed that the core targets involved were TP53, CASP3, AKT1, IL6, MAPK14, EGFR, and HIF1A. The molecular
docking results indicated key binding activity between Baicalein-AKT1, quercetin-AKT1, wogonin-AKT1,
kaempferol-AKT and wogonin-MAPK14.
Conclusion: This study was based on network pharmacology and revealed the potential molecular mechanisms
involved in treating HFMD by HQJYH.
1. Introduction

HFMD is caused by enteroviruses and was initially reported in New
Zealand in 1957.1 However, epidemiological data show that HFMD is
more common in Asia–Pacific, especially in Malaysia, Vietnam,
Cambodia, India and China, because of its severity.2,3 Usually, every
Asian country and region experiences at least one HFMD outbreak
annually.4 HFMD is mainly caused by enterovirus 71 (EV71) or CVA16
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infections.5 There is currently no effective treatment for HFMD. What
was worst, the types of viruses that cause HFMD were also constantly
changing. Based on the surveillance data, CVA16was the virus frequently
associated with HFMD during the 1980s, whereas EV71 replaced it in the
1990s.6,7 Besides the most common agents, CVA6 and CVA10 have also
emerged recently and had complications.8–11 Since various viral in-
fections could lead to HFMD and its pathogenesis is not fully understood,
it was still named after its symptoms.
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Fig. 1. Workflow of HQJYH for the treatment of HFMD based on network
pharmacology.
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In the past two decades, China has always paid great attention to the
treatment, prevention and control of HFMD. The first largest compre-
hensive population-based study on the epidemiology of HFMD was car-
ried out in China.12 China took the lead in promoting self-developed
HFMD vaccines. Since 2004, China has implemented a national manda-
tory reporting system for infectious diseases. HFMD is one of the class C
infectious diseases. According to the Chinese Center for Disease Control
and Prevention (CCDC), the annual incidence of HFMD in China has
ranged from 1 million to 3 million in the past decade. However, espe-
cially after the COVID-19 pandemic, China's yearly number of HFMD
cases has decreased significantly. Last year (2022), only 685,249 cases
were reported, only 24.66% in 2014, with the highest number of cases.
According to the guideline for the diagnosis and treatment of HFMD is-
sued by the National Health Commission of China in 2018,13 the inci-
dence of HFMD in China is between 37.01/100,000 and 205.06/100,
000, and the fatality rate in recent years is between 6.46/100,000 and
51.00/100,000. Research on the treatment of HFMD is imperative.

The guideline13 pointed out that traditional Chinese medicines (TCM)
such as Huang Qin, Yin Chen, Lian Qiao, Jin Yinhua, Huo Xiang, Hua Shi,
Niu Bangzi, Bai Maogen, Bo He, and She Gan have good curative effects
during the eruptive stage of HFMD. Huangqi and Jinyinhua were classic
couplet medicines recorded in many TCM literature. Although its
mechanism remains unclear, extensive literature and clinical data show
that14–18 HQJYH effectively treats HFMD. This research used network
pharmacology and molecular docking to explore the relevant biological
pathways associated with HQJYH in treating HFMD. A workflow is
shown in Fig. 1.

2. Method

2.1. Screening of active ingredients and target genes for HQJYH

The active ingredients within HQJYH were obtained from the
Traditional Chinese Medicine Systems Pharmacology Database and
Analysis Platform19 (TCMSP), and the active ingredients were screened
according to oral bioavailability (OB) � 30% and drug-likeness (DL) �
0.18. The protein targets for the active ingredients were determined
using the TCMSP platform.

2.2. Screening for HFMD targets

Using the GeneCards,20 CTD,21 PharmGkB22 and DisGeNet23 data-
bases, we screened targets related to HFMD, and “hand-foot and mouth
disease” was entered as the search keyword. The targets retrieved
resulted from four merged disease databases, and all redundant values
were deleted.

2.3. Screening for intersection targets of HQJYH and HFMD

After the disease target was obtained, the disease and drug targets
were combined to screen out common targets and construct an “HQJYH-
HFMD” intersectional target data, visualized using a Venn diagram. The
names of the intersectional targets were annotated into standardized
gene names using the Uniprot database.24

2.4. Constructing an “HQJYH-Active Ingredients-Targets” network

Using Cytoscape 3.9.1,25 an “HQJYH-Active Ingredients-Targets”
network for HQJYH was constructed to help demonstrate its pharmaco-
logical mechanisms. The degree value reflects the importance of the node
in the network; the higher the value, the more important the node. And
the core active ingredients were screened out by the degree value.
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2.5. PPI network construction and topology analysis

The intersection targets of Chinese medicine and disease were im-
ported into the STRING 11.5 database26 to construct a PPI networkmodel
using biological species set to “Homo sapiens”; the confidence >0.7 and
unconnected nodes were hidden. The rest of the parameters are set to
default values. From this, a protein–protein interaction network (PPI)
was obtained, and the TSV file format was downloaded to construct a PPI
network with Cytoscape 3.9.1 software; the network in STRING is the
PPI. Cytoscape plugin cytoNCA was applied for topology analysis, and
Betweenness, Closeness, Degree, Eigenvector, LAC, and Network were
used as evaluation parameters.27 The filter conditions were set as all
parameters score � median to select the core targets with the closest
relationship in the network.
2.6. GO and KEGG enrichment analysis

Using the DAVIDdatabase28 and R 4.2.2 software,29 the common
targets of HQJYH and HFMD were analyzed for GO functional enrich-
ment analysis. GO enrichment analysis selects three modules: biological
process (BP), molecular function (MF), and cell composition (CC). We
also use the DAVIDdatabase and R 4.2.2 software to perform KEGG
pathway enrichment analysis on the common target of HQJYH and
HFMD and screen out the core pathways. The results were visualized
using barplot charts.
2.7. Constructing a “Couplet Medicines-Core Ingredients-Core Targets-
Pathways” network

By feeding the core ingredients and core targets obtained from the
above experiments into the “HQJYH-Active Ingredients-Targets”
Network, we established a “Couplet Medicines-Core Ingredients-Core
Targets-Pathways” sub-network.
2.8. Molecular docking

Molecular docking technology was used to verify the potential
binding relationship between the core ingredients and core targets. The
2D structure of the ingredients was obtained from the PubChem data-
base30 and transformed 2D structures into 3D structures. The protein 3D
structure was obtained from the PDB database. AutoDock 4.21 software
was applied to process proteins as follows: separate proteins, add
nonpolar hydrogen and determine the size and coordinates of its active
pocket. AutoDock Vina 1.2.0 software calculated the binding position
and energies.31 Visualize the results of molecular docking analysis using
PyMOl 2.3.0 software to obtain 2D and 3D images and docking details.32

3. Results

3.1. Ingredients and targets screening of HQJYH

After the screening, 56 compounds of HQJYH were found: 36 of Jin-
yinhua, 23 of Huang-qin, and 3 were both contained. The information on
active ingredients found in Huang-qin and Jin-yinhua was shown in
Supplementary Information Tables S1–2. After merging, a total of 212
targets were obtained in the TCMSP database, including 105 targets in
Huang-qin, 192 in Jin-yinhua, and 85 targets both contained.
Fig. 2. Venn diagram of HQJYH (green) and HFMD genes (red).
3.2. HFMD targets

The screening results reveal that: the GeneCards database had 5187
targets of HFMD, the CTD database had 276 targets, the PharmGkB
database had 63 targets, and the DisGeNet database had 64 targets. After
removing redundant targets, 5323 targets were finally obtained.
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3.3. Intersection targets of HQJYH and HFMD

To clarify the relationship between HQJYH and HFMD, R 4.2.2 soft-
ware and the Venn package merged the targets found in HQJYH and
HFMD. Finally, 156 intersection targets were obtained, as shown in
Fig. 2. Then, a Venn diagram was constructed to visualize the data.
Among the 56 compounds of HQJYH, 46 had a potential regulatory
relationship with the intersection targets and were considered the active
ingredients of HQJYH in the treatment of HFMD.

3.4. Constructing an “HQJYH-Active Ingredients-Targets” network and
screening out the core ingredients

Using UEStidio 21.00.0.90 to incorporate the relationship of
Huangqin-Jinyinhua couplet medicines, active ingredients, disease tar-
gets and related pathways, we obtained 46 active ingredients, 156 tar-
gets, which were imported into Cytoscape 3.9.1 to construct a network.
From this, 203 nodes were obtained, and 680 interactional relationships
were found. The HQJYH-Active Ingredients-Targets” network is shown in
Fig. 3. By analyzing the network, the eight ingredients with the highest
degree values (> twice the median) in HQYJH were found to be: quer-
cetin, luteolin, kaempferol, beta-sitosterol, stigmasterol, wogonin, bai-
calein and acacetin and they were considered to be the core active
ingredients of HQJYH in the treatment of HFMD The degree of active
ingredients found in HQJYH was shown in Supplementary Information
Table S3, and the information on core ingredients found in HQJYH was
shown in Supplementary Information Table S4.

3.5. Construction of a PPI network and topology analysis

The intersection targets were imported into the STRING database for
online PPI analysis. The interaction threshold was set to “0.7” to hide the
episomal targets. From this, a protein–protein interaction network (PPI)
was obtained, and the TSV file format was downloaded to construct a PPI
network with Cytoscape 3.9.1 software. Cytoscape plugin cytoNCA was
applied for topology analysis, and Betweenness, Closeness, Degree,
Eigenvector, LAC, and Network were used as evaluation parameters. The
filter conditions were set as all parameters score � median. 45 targets
were screened after the first topology analysis. Then the same filter
conditions were used to re-screen the sub-networks established by the 45
targets. 20 targets were screened after the second topology analysis. 7
targets were screened after the third screening using the same filter
conditions as above. TP53, CASP3, AKT1, IL6, MAPK14, EGFR, and



Fig. 3. “HQJYH-Active Ingredients-Targets” Network. (red rectangle represents HQJYH; blue rhombus represents active Ingredients; green oval represents targets).

Fig. 4. The PPI network for 147 overlapping targets.
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HIF1A, identified as yellow in Fig. 4, were considered the core targets of
HQJYH in the treatment of HFMD.
3.6. GO and KEGG enrichment analysis

Combining existing literature and KEGG analysis, the targets were
mainly enriched in the PI3K-Akt signaling pathway, MAPK signaling
pathway, p53 signaling pathway, TNF signaling pathway, and others
representing 166 pathways. The enrichment analysis results from the
KEGG pathway are shown in Fig. 5. The “Pathway-target” network is
shown in Fig. 6. The signal pathway node size represents the degree
value. The larger the node size indicates greater degree values of signal
pathways in the network. The targets were mainly enriched in response
to xenobiotic stimulus and other biological processes. Their main cell
composition was associated with membrane rafts. Their main molecular
109
functions were associated with the DNA-binding transcription factor
binding. The top ten enrichment results from each GO analysis were
shown in Supplementary Information Table S5.
3.7. Constructing a “Couplet Medicines-Core Ingredients-Core Targets-
Pathways” network

Using UEStidio 21.00.0.90 to incorporate the relationship of
Huangqin-Jinyinhua couplet medicines, core ingredients, core targets
and related pathways, we obtained 8 core ingredients, 7 core targets, 4
related pathways and these were imported into Cytoscape 3.9.1 to
construct a network. From this, 21 nodes were obtained, and 48 inter-
actional relationships were found. The “Couplet Medicines-Core In-
gredients-Core Targets-Pathways” network is shown in Fig. 7. By
analyzing the network, there were 25 lines between the core ingredients



Fig. 5. KEGG enrichment analysis. The length represents the number of targets,
and the color represents significance level.

Fig. 6. “Pathway-target” network. (red circle represents pathways, yellow tri-
angle represents targets).
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and the core targets. These lines represent the potential relationship
between the core ingredients and core targets verified by molecular
docking technology.
3.8. Molecular docking results

Grid box information of targets for docking was shown in Supple-
mentary Information Table S6, and the docking scores were shown in
Supplementary Information Table 7. The more stable the binding be-
tween the ligand and the receptor, the lower the binding energy of the
two, and our results showed that the binding energy was all � -6.4 kcal/
mol. Baicalein-AKT1 (�9.0 kcal/mol), quercetin-AKT1 (�8.8 kcal/mol),
wogonin-AKT1 (�8.7 kcal/mol), kaempferol-AKT1 (�8.2 kcal/mol) and
wogonin-MAPK14 (�8.0 kcal/mol) have the lowest binding energy.
These five groups of ingredients-protein: Baicalein-AKT1 (�9.0 kcal/
mol), quercetin-AKT1 (�8.8 kcal/mol), wogonin-AKT1 (�8.7 kcal/mol),
kaempferol-AKT1 (�8.2 kcal/mol) and wogonin-MAPK14 (�8.0 kcal/
mol) which has the lowest binding energy were imported into PyMOl
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2.3.0 software for visual optimization. The molecular docking diagram is
shown in Fig. 8.

4. Discussion

The incidence of HFMD has decreased significantly in the past three
years in China. The main reasons were as follows: (1) The number of
newborns in China in recent years has decreased year by year, resulting
in a decline in the number of susceptible people; (2) Prevention measures
during the COVID-19 epidemic were as effective as preventing the spread
of HFMD; (3) The immune effect of EV71 vaccines. However, the decline
in HFMD infections in the past three years has also incurred new risks.
Newborns born during this non-epidemic period lead to the gradual
accumulation of susceptible people, which provides the prerequisites for
new epidemics.

4.1. Possible mechanism of core ingredients

In our research, quercetin, luteolin, kaempferol, beta-sitosterol, stig-
masterol, wogonin, baicalein and acacetin were considered the core
active ingredients of HQJYH in the treatment of HFMD. Current research
suggests that HFMD is a viral infectious disease. The main viruses
involved were EV71, CVA16, CVA6 and CVA10.33 Clinical studies have
shown that Huang-qin can treat HFMD, reduce the load of the EV71 virus,
and improve symptoms such as rash, fever, and mouth ulcers in HFMD
patients. Huang-qin extract could directly kill coxsackievirus in vitro.34,35

Baicalein and wogonin are one of the main components of Huang-qin.
Ethanol extracts of baicalein and wogonin could enhance leukocyte
anti-viral capacity by stimulating the secretion of immune factors such as
TNF-α, IL-12, and IL-10.15 In addition, baicalein has inhibitory effects on
EV-A71 virus,16 Zika virus,36 Japanese encephalitis virus,37 human
cytomegalovirus,38 and Sendai virus.39 The above studies have shown
that baicalein and wogonin derived from Huang-qin have
broad-spectrum anti-viral abilities and may be the core components in
treating HFMD.

Quercetin is a polyhydroxy flavonoid that has been shown to have
antioxidant scavenging of free radicals,40 anticancer,41 anti-in-
flammatory,42 antibacterial,43 and anti-viral.44 Vitro experiments have
found that45 quercetin can enhance the ability of cells to resist EV71
infection. Kaempferol and quercetin are flavonol glycosides and also
have anti-viral activity. Whether they can resist EV71 and CA16 viruses is
unclear.46 Xu Lin et al screened anti-EV71 and CA16 drugs based on
reporter virus and cell activity detection and found that luteolin can
inhibit the replication of EV71 and CA16.47 Other researchers reported
that luteolin inhibits EV71 infection with cells, possibly inhibiting
apoptosis and reducing the secretion of pro-inflammatory factors.48 The
above studies suggest that quercetin, luteolin and kaempferol derived
from Jin-yinhua may be core components in treating HFMD.

4.2. Possible mechanisms of core targets and pathways

TP53, CASP3, AKT1, IL6, MAPK14, EGFR, and HIF1A were consid-
ered the core targets of HQJYH in treating HFMD in our research.
Combining existing literature and KEGG analysis, the PI3K-Akt signaling
pathway, MAPK signaling pathway, p53 signaling pathway and TNF
signaling pathway were the main pathways of HQJYH in the treatment of
HFMD.

PI3K-Akt is a classical signaling pathway that regulates apoptosis and
autophagy.49 The interferon response and apoptosis were the most
important anti-viral mechanisms in human and animal cells. The host
blocks the replication and release of the virus in infected cells by
inducing apoptosis. Many studies have shown that50–55 in cell models of
viral infection, activating the PI3K-Akt signaling pathway can reduce
apoptosis and affect viral replication. Some enteroviruses, such as
EV7150,55 and CVB3,51 could manipulate host cell signaling pathways



Fig. 7. “Couplet medicines-core ingredients-core targets-pathways” network.
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such as PI3K/Akt to anti-apoptosis and augment their replication. Some
researchers reported that CVB3 infection leads to the phosphorylation of
PKB/Akt on both Ser-473 and Thr-308 residues. They indicated that a
PI3K inhibitor and the dominant negative mutant of Akt1 enhance
apoptosis in CVB3-infected HeLa cells.51 Salvianolic acid B inhibits EV71
replication by enhancing the AKT signaling pathway.50 MiRNA research
shows that miRNA-296–5p could inhibit EV71 virus replication in nerve
cells SK-N-SH by targeting PTEN/PI3K/AKT signaling pathway.52 The
above research shows that activating PI3K/Akt signaling benefits
enterovirus replication.56,57

Akt1, one of the core targets of our research, was a subtype of AKT.
AKT, also known as PKB, is one of the main downstream media for
apoptotic signaling in the PI3K cascade, shown in Fig. 9. The molecular
docking results indicated that the core ingredients baicalein, quercetin,
wogonin and kaempferol have a good binding ability with AKT1. This
requires further molecular biology experiments to confirm. We believe
that the regulation of AKT signaling pathways by these core ingredients
could influence the replication of HFMD pathogenic viruses, which could
positively impact the treatment of HFMD. According to KEGG pathway
enrichment analysis, we were able to predict a role for HQJYH in the
regulation of the PI3K-Akt signaling pathway, and this regulation was
associated with AKT1, IL6, EGFR, TP53, and other targets, which were
identified as the red square in Fig. 9.

MAPK signaling pathway is a classical signaling pathway that regu-
lates innate immunity.58 Current research shows that58 host innate im-
munity is thought to play an important role in virus infection. MAPK was
a serine/threonine protein kinase super-family involved in many cellular
functions such as cell proliferation, differentiation, inflammation, and
death.55,59–62 Previous studies have shown that viruses can use MAPK
signaling to support viral replication.63–65 In research, different gene
expressions of the MAPK signaling pathway in EV71-infected rhabdo-
myosarcoma cells were detected by PCR.66 The expressions of MAPKS
such as c-Jun, c-Fos, IFN-β, MEKK1, MLK3 and NIK genes in
EV71-infected cells were up-regulated. EV71 modulates viral replication
in human neuroblastoma cells through the p44 MAPK/CREB signaling
pathway. This research means the MAPK signaling pathway is important
in H62. ERK1/2, JNKs, and p38 MAPK. were the most extensively studied
groups of MPAKs in mammalian cells.67,68

p38 MAPK, also known as MAPK14, was one of the core targets of our
research. The molecular docking results indicated that the core ingre-
dient, wogonin had a good binding ability with MAPK14. MAPK14 plays
an important role in the immune system. MAPK14 is reportedly involved
in macrophage and neutrophil functional responses.69 The activation of
MAPK14 control pro-inflammatory responses after infection. Its mecha-
nism is that MAPK14 controls the expression of immune factors such as
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RANTES, IL-8 and TNF-α.70 MAPK14 was frequently activated in EV71
infection cells. Research in VSMCs suggests that EV71-induced VCAM-1
expression was mediated by activating MAPK14 pathways.71 From
another point of view, the activation of JNK1/2 and MAPK14 signaling
pathways promotes EV71 infection in immature dendritic cells.72 Other
studies have shown that EV71 regulated the MAPK signaling pathway
negatively affects the ability of the organism to resolve the infection.73

According to KEGG pathway enrichment analysis, we were able to pre-
dict a role for HQJYH in the regulation of the MAPK signaling pathway,
and this regulation was associated with MAPK14, AKT1, CASP3, EGFR,
TP53, and other targets.

Studies have reported thatp53 the signaling pathway74–76 and TNF
signaling pathway77,78 also play an important role in regulating HFMD.
Research of circulating histones found that TNF-ɑ was significantly
up-regulation in HFMD patients than in healthy subjects.79

4.3. Discussion on methods of network pharmacology

Many researchers used topological analysis to screen core targets.79,80

However, the specific filter conditions used and the scoring weighting of
filter conditions were different. Some researchers simply compared the
degree in the PPI network, and the degree was the only filter condition
for screening core targets. In contrast, others use a combination of degree
and cluster analysis. Our research used a Cytoscape plugin called
cytoNCA to screen core targets.81 CytoNCA plugin contains many to-
pology analysis measures such as Betweenness, Closeness, Degree,
Eigenvector, LAC, Network, subgraph and information.82 We used six
evaluation indicators, such as Betweenness, Closeness, Degree, Eigen-
vector, LAC, and Network, as evaluation parameters. The filter conditions
were set as all parameters score � median to select the core targets with
the closest relationship in the network. Using multiple topology analysis
evaluation parameters to screen core targets was more accurate.

Our research uses molecular docking technology to verify the po-
tential binding relationship between core components and core targets.
Our results showed that the binding energy was all � -6.4 kcal/mol.
Baicalein-AKT1 (�9.0 kcal/mol), quercetin-AKT1 (�8.8 kcal/mol),
wogonin-AKT1 (�8.7 kcal/mol), kaempferol-AKT1 (�8.2 kcal/mol) and
wogonin-MAPK14 (�8.0 kcal/mol) have the lowest binding energy. The
more stable the binding between the ligand and the receptor, the lower
the binding energy of the receptor–ligand complex.83 Generally, the
binding energy � -7 kcal/mol indicates good binding between the re-
ceptor and the ligand.84 Due to the limitations of molecular docking
technology, the changes in molecular conformation, the changes in the
environment where the acceptor ligand is located, and the stability of
binding were not considered.85,86 Therefore, this study was only a



Fig. 8. Molecular docking diagram. Molecular models of the binding of baicalein-AKT1, quercetin-AKT1, wogonin-AKT1, kaempferol-AKT1 and wogonin-MAPK14,
the results shown as 3D diagrams. (A) baicalein-AKT1 (�9.0 kcal/mol), (B) quercetin-AKT1 (�8.8 kcal/mol), (C) wogonin-AKT1 (�8.7 kcal/mol), (D) kaempferol-
AKT1 (�8.2 kcal/mol), (E) wogonin-MAPK14 (�8.0 kcal/mol).
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Fig. 9. PI3K-Akt signaling pathway diagram.
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preliminary use of molecular docking technology to verify the binding of
core components to core targets. The molecular docking results of this
research still need to be verified by molecular dynamics simulation in
further study. Molecular dynamics simulation87,88 uses Newtonian clas-
sical mechanics to calculate the trajectories of many molecules in phase
space and solves Newton's equations for molecules or atoms in the system
and the molecules or atoms that act together with the system plus con-
straints; Simulate the microscopic processes of the system over time, and
obtain the equilibrium parameters or binding energy of the system
through statistical methods.89–91 Because of this, the molecular dynamics
simulation is more accurate, and the conformation obtained by docking
proteins with small molecules was more similar to the real complex.

This research is data mining in bioinformatics databases. The public
database may have the problem of incorrect information and untimely
update. In future studies, we plan to control the accuracy of the data by
comparing the data between existing databases. At the same time, we
verify the molecular mechanism of HQYJH treatment of HFMD in the real
world.

Traditional Chinese medicine (TCM) accumulated thousands of years
of evidence-based medical experience in China, a treasure of Chinese
civilization. Admittedly, this study did not consider the metabolic
changes of HQJYH in vivo. These data support or view that additional in
vitro and in vivo studies are required to elucidate its function and
mechanism further. In future research, we plan to focus on introducing
transcriptomics, genomics, proteomics, andmetabolomics to obtain more
and richer data and build new research methods and platforms for
exploring the mechanism of TCM.
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TCMSP Traditional ChineseMedicine Systems Pharmacology Database

and Analysis Platform
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Strawberry Perl 5.32.1.1
Chem3D 14.0.0.17
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i.org/10.1016/j.ipha.2023.04.007.
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