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Gegenginlian decoction (GD) has been extensively used for the treatment of diarrhea with intestinal dampness-heat
syndrome (IDHS) with a satisfying therapeutic effect. The purpose of this study is to clarify the active ingredients and
mechanism of GD in the treatment of diarrhea with IDHS. The TCMSP database was used to screen out the active ingredients
of the four Chinese herbal medicines in GD, and the targets of the active ingredients were predicted. We selected the targets
related to diarrhea through the DisGeNET database, then used the NCBI database to screen out related targets of lactase and
sucrase, and constructed the visual network to search for the active ingredients of GD in the treatment of diarrhea and related
mechanisms of the targets. Combined with network pharmacology, we screened out 146 active ingredients in GD corre-
sponding to 252 ingredient targets, combined with 328 disease targets in diarrhea, and obtained 12 lactase targets and 11
sucrase targets. The key active ingredients involved quercetin, formononetin, -sitosterol kaempferol, and wogonin. Fur-
thermore, molecular docking showed that these five potential active ingredients had good affinities with the core targets
PTGS2. The active ingredients in GD (such as quercetin, formononetin, and f-sitosterol) may increase the microbial activity
of the intestinal mucosa of mice and reduce the microbial activity of the intestinal contents through multiple targets, thereby

achieving the effect of treating diarrhea.

1. Introduction

Syndrome research has always been the core content of
traditional Chinese medicine (TCM) academic research.
Research on the nature of syndromes and animal models of
syndromes plays a beneficial role in revealing the scientific
connotation of syndromes and the objectification of syn-
dromes. Diarrhea with intestinal damp heat syndrome
(IDHS) refers to the accumulation of dampness-heat in the
intestinal tract, which is mainly manifested by abdominal
pain, urgency of diarrhea, and yellowish brown and stinky
feces [1]. With the changes of people’s lifestyle and diet
structure, IDHS diarrhea has become a multiple disease.
Diabetes, chronic liver disease, kidney disease, ulcerative
colitis, and other diseases are often accompanied by IDHS

diarrhea. Therefore, strengthening the study of diarrhea with
IDHS can expand the prevention and treatment of these
major diseases.

Intestinal microorganisms are closely related to the
physiology, pathology, and treatment of diseases of the
body [2-4]. These can secrete a variety of enzymes, par-
ticipate in the decomposition and transformation of food in
the intestine, and provide energy for the growth and de-
velopment of the body [5]. The occurrence of diarrhea with
IDHS is often accompanied by intestinal microbial im-
balance, which is bound to affect intestinal enzyme activity
[6]. It was found that the activity of lactase in the intestinal
tract of diarrhea irritable bowel syndrome rats was sig-
nificantly lower than that of the control group (p <0.05),
and the activity of sucrase in the intestinal contents and
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mucosa of mice with dysbacteriosis and diarrhea was
significantly decreased compared with the control group
(p<0.01) [7, 8]. Different kinds of enzymes reflect the
active degree of microbial participation in biochemical
reactions, while microbial activity often represents the
overall activity of hydrolases and can be used as an im-
portant indicator of microbial decomposition ability
[9, 10]. As a colorless nonpolar organic compound, fluo-
rescein diacetic acid (FDA) can be hydrolyzed by non-
specific enzymes (esterase, protease, lipase, etc.) in bacteria
and fungi, and its hydrolytic activity is directly propor-
tional to the number of microbial populations [11].
Therefore, the total activity of microorganisms in the an-
imal intestinal tract can be reflected by measuring the
degree of FDA hydrolysis of intestinal samples.

Gegenginlian decoction (GD), as a classic prescription
for diarrhea with IDHS, is composed of Puerarie Lobatae
Radix (Pueraria lobata (Willd.) Ohwi), Scutellariae Radix
(Scutellaria baicalensis Georgi), Coptidis Rhizoma (Coptis
chinensis Franch), and Glycyrrhiza Radix Et Rhizoma
(Glycyrrhiza uralensis Fisch). It is better for clearing away
heat and dampness, distributing benefits, and stopping di-
arrhea. GD is widely used in the treatment of diabetes,
hypertension, hyperlipidemia, obesity, and other diseases,
with significant effects [12-14]. Modern pharmacological
studies have indicated that GD has antipyretic, anti-in-
flammatory, antibacterial, and immunological improvement
and intestinal microbial regulation functions [15-17]. Oral
drugs enter the small intestine through the upper digestive
tract and are digested and absorbed, which play an effective
role by inhibiting or inducing the enzyme activity in the
intestine [18]. Therefore, exploring the effect of the active
ingredients in GD on the regulation of intestinal enzyme
activity in diarrhea with IDHS has become the focus of this
study.

As an emerging science based on a multilayered net-
work of disease-gene-drug, network pharmacology has
been widely used to screen active ingredients, explain the
overall action mechanisms, and study the pathogenesis of
diseases. While the multiple ingredients of TCM have
curative effects on multiple targets of diseases, network
pharmacology can visualize, systematize, and inform the
process principles of TCM in treating diseases [19]. A
growing body of evidence suggested that the holistic
concept of TCM had many similarities with the core ideas
of the emerging network pharmacology and was more often
applied in the treatment of complex diseases, which pro-
vided a new research strategy for the development of
network pharmacology of TCM [20]. Based on these,
synthesized with the previous experimental results of our
research group, the effect of GD on the intestinal microbial
activity of diarrhea with IDHS mice was explored to clarify
the microecological mechanism of its therapeutic effect
[21]. Through the overall process of screening active in-
gredients, network construction, and analysis, GD-active
ingredients and candidate targets were predicted, and the
pharmacodynamic substances and targets of GD in the
treatment of diarrhea were sought, so as to provide basis for
the diagnosis and treatment of syndrome differentiation in
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clinical diarrhea and the study on the therapeutic mech-
anism of TCM prescriptions.

2. Materials and Methods

2.1. Collection of Active Ingredients and Targets of GD.
We input Puerarie Lobatae Radix (PLR), Scutellariae Radix
(SR), Coptidis Rhizoma (CR), and Glycyrrhizae Radix Et
Rhizoma (GRER) into the Traditional Chinese Medicine
Systems Pharmacology (TCMSP, http://tcmspw.com/index.
php) database [22] to retrieve the Chinese herbal medicine
ingredients, setting oral bioavailability (OB)>30% and
drug-likeness (DL) > 0.18 for further screening that will meet
the conditions of TCM composition as the active ingredi-
ents. Then, we searched the targets of the active ingredients
through the TCMSP database and entered the obtained
protein name into the Universal Protein (UniProt, https://
www.uniprot.org/) database [23] to find the corresponding
gene name of each target to facilitate subsequent analysis.

2.2. Prediction of Potential Targets for Diarrhea. Potential
genes associated with diarrhea were collected from Dis-
GeNET (https://www.disgenet.org/) [24]. For filtering the
targets, “diarrhea” was defined as the key word and results
were restricted to “Homo sapiens.” After integration of
search-derived target data and elimination of the repeated
genes, the therapeutic target database was obtained.

2.3. Construction of the Diarrhea-Potential Target-Enzyme
Network. The lactase and sucrase were input in the National
Center for Biotechnology Information (NCBI (https://www.
ncbi.nlm.nih.gov/) database [25] to retrieve related targets,
and the source of species was set for “Homo sapiens” for
further screening. Then, we imported the potential targets of
the disease and lactase and sucrase into Cytoscape 3.7.2
software to construct a network diagram of diarrhea-po-
tential targets-enzymes.

2.4. Construction of the GD-Potential Active Ingredient-
Potential Target-Enzyme Network. The lactase and sucrase
were input in the NCBI database (https://www.ncbi.nlm.nih.
gov/) [25] to retrieve related targets, and the source of
species was set for “Homo sapiens” for further screening.
Then, we imported the GD-potential targets and their
corresponding active ingredients and lactase and sucrase
into Cytoscape 3.7.2 software to construct a network dia-
gram of GD-potential active ingredients-potential targets-
enzymes.

2.5. Construction of the GD-Potential Active Ingredient-
Enzyme-Diarrhea Network. We import the GD-potential
targets and their corresponding active ingredients, the
disease targets, and the potential targets of lactase and su-
crase into the Cytoscape 3.7.2 software [26], constructing the
GD-potential active ingredient-enzyme-diarrhea network
diagram.
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2.6. Molecular Docking. Molecular docking verification of
key active ingredients and key targets in GD-potential active
ingredients-enzymes-diarrhea was carried out. The 3D
structure of the key potential target was downloaded from
the Protein Data Bank [27] (PDB, http://www.RCSB.org/)
database. We used AutoDock Tools software to remove
water, separate ligands and hydrogenate, and calculate
charge for the target proteins and used it as the receptor
macromolecules. Then, we downloaded the structure dia-
gram of the potential active ingredients of Chinese medicine
in the ZINC 15 [28] (http://zinc.docking.org/) database,
used the AutoDock Tool (version 1.5.6, http://autodock.
scripps.edu/) to add charges, assign atom types, and con-
firm rotatable flexible bonds, and used it as the small ligand
molecules. Finally, the docking results of active compounds
and protein targets were visualized with PyMOL software
(version 2.2, https://pymol.org/2/).

3. Results

3.1. GD-Active Ingredient-Potential Target-Enzyme Network
Analysis. GD-active ingredient and target information was
retrieved from the TCMSP database. There were 146 active
ingredients of GD that met OB>30% and DL>0.18, in-
cluding 4 PLR, 36 SR, 14 CR, and 92 GRER. Entering these
into the TCMSP database, a total of 2660 targets were found
in the search, and 269 targets were obtained after deleting
duplicate values. These targets were input into the UniProt
database for conversion, and after the final deduplication,
only 252 targets successfully found the corresponding gene
names. The relevant information of the GD-active ingre-
dients is shown in Table 1. Then, 146 potential active in-
gredients corresponding to 4 Chinese medicines in GD, 12
lactase targets (e.g., LCT, GLBI1, LCTL, MCMS6, and
HNF1A), and 11 sucrase targets (e.g., LCT, GLB1, LCTL,
MCMS6, and HNF1A) were input into Cytoscape 3.7.2
software, and the GD-active ingredient-potential target-
enzyme network was constructed (Figure 1). The network
consisted of 407 nodes and 2,717 edges, among which the
purple triangles represented 4 Chinese herbal medicines, the
blue circles represented the active ingredients, the green
hexagons represented lactase and sucrase, and the yellow
diamonds represented the targets. Through the network
analysis tool in Cytoscape 3.7.2 software, we screened the
active ingredients that mainly played a role according to the
“degree” value. The greater the degree value, the more the
connection points of the ingredients and the greater the
effect. The top active ingredients were quercetin, for-
mononetin, beta-sitosterol, kaempferol, and wogonin.
Among them, quercetin is shared by 2 Chinese herbal
medicines, with 284 targets including PTGS2, HSP90,
CALM, AR, and ESR1, suggesting that the active ingredients
may play a key influence in the regulation of lactase and
sucrase by GD through the abovementioned targets.

3.2. Diarrhea-Potential Target-Enzyme Network Analysis.
328 diarrhea-related targets were collected through the
DisGeNET database. Then, we constructed the diarrhea-

potential target-enzyme network (Figure 2). In this network,
there were 347 nodes and 351 connections in the network.
Pink hexagons represented diseases, green octagons repre-
sented lactase and sucrase, and yellow diamonds represented
potential targets. The connection between nodes indicated
the corresponding relationship between the two. The more
the target points were connected, the more critical role the
targets played in the network. The most connected target in
the network was HNF1A, indicating that this target might
play an important role in diarrhea affecting lactase and
sucrase.

3.3.  GD-Active Ingredient-Enzyme-Diarrhea  Network
Analysis. We input the 146 active ingredients of GD and 258
potential targets of diarrhea, as well as the potential targets of
lactase and sucrase, into Cytoscape 3.7.2 software to con-
struct the GD-active ingredient-enzyme-diarrhea network
(Figure 3). There was a total of 408 nodes and 2748 con-
nections in the network. Purple triangles represented 4
Chinese herbal medicines in GD, blue circles represented
active ingredients in GD, pink hexagons represented dis-
eases, green octagons represented lactase and sucrase, and
yellow diamonds represented potential targets. From the
perspective of ingredients, there were 18 ingredients with a
target greater than thirty, of which 6 ingredients were greater
than forty. By analyzing the degree centrality (DC), closeness
centrality (CC), and betweenness centrality (BC) of the GD-
active ingredient-enzyme-diarrhea network, the top five
ingredients were quercetin, formononetin, beta-sitosterol,
kaempferol, and wogonin, which could be interacted with
284,76, 74, 58, and 45 target proteins work. As a view of the
targets, the top five targets were PTGS2, HSP90, CALM, AR,
and ESRI1, which interacted with 122, 95, 94, 93, and 92
ingredients (Table 2). Based on these, we found the phe-
nomenon that some ingredients in GD could act on multiple
targets, and different ingredients worked together on the
same target, which might reflect the mechanism of inter-
action between multiple compounds and multiple targets in
TCM. Through analysis, the ingredients in the network that
were closely related to the targets are quercetin, for-
mononetin, beta-sitosterol, kaempferol, and wogonin, in-
dicating that the two active ingredients in GD may be crucial
in regulating enzyme activity in the treatment of diarrhea.

3.4. Molecular Docking Simulation. One potential target with
five corresponding ingredients was simulated by molecular
docking, and the docking results were analyzed. As far as we
know, if the value of binding energy is less than 0kJ/mol, this
indicates that the ligand can spontaneously bind to the re-
ceptor. The molecular docking results showed that the mo-
lecular docking binding energy between the key chemical
ingredients and the core target was less than 0 kJ/mol. Among
them, formononetin and PTGS2 (—6.8 kcal-mol™!), beta-
sitosterol and PTGS2 (~5.61 kcal-mol™"), and quercetin
and PTGS2 (—4.86 kcal-mol™') have better binding en-
ergy, from which it can be seen that GD had good affinity
and binding activity for core ingredient and key targets
(Figure 4).
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TaBLE 1: Active ingredients of GD.

Chinese medicine Mol ID Molecule Name (O%B) DL
Puerarie Lobatae Radix ~ MOL000392 Formononetin 69.67 0.21
Puerarie Lobatae Radix ~ MOL000358 beta-Sitosterol 3691 0.75
Puerarie Lobatae Radix ~MOL002959 3'-Methoxydaidzein 48.57 0.24
Puerarie Lobatae Radix MOL003629 Daidzein-4,7-diglucoside 4727 0.67
Scutellariae Radix MOL002934 Neobaicalein 104.34 0.44
Scutellariae Radix MOL002932 Panicolin 76.26  0.29
Scutellariae Radix MOLO012246 5,7,4' -Trihydroxy-8-methoxyflavanone 7424 0.26
Scutellariae Radix MOL002927 Skullcapflavone II 69.51 0.44
Scutellariae Radix MOL002911 2,6,2' 4’ -Tetrahydroxy-6'-methoxychaleone 69.04 0.22
Scutellariae Radix MOL002937 Dihydrooroxylin 66.06 0.23
Scutellariae Radix MOL000228 (2R)-7-hydroxy-5-methoxy-2-phenylchroman-4-one 5523 0.2
Scutellariae Radix MOL002915 Salvigenin 49.07 0.33
Scutellariae Radix MOL000073 ent-Epicatechin 48.96 0.24
Scutellariae Radix MOL002917 5,2',6'-Trihydroxy-7,8-dimethoxyflavone 45.05 0.33
Scutellariae Radix MOL008206 Moslosooflavone 44.09 0.25
Scutellariae Radix MOL000449 Stigmasterol 43.83 0.76
Scutellariae Radix MOL001490 bis[(2S)-2-ethylhexyl] benzene-1,2-dicarboxylate 43.59 0.35
Scutellariae Radix MOL002879 Diop 4359 0.39
Scutellariae Radix MOL002897 Epiberberine 43.09 0.78
Scutellariae Radix MOL002928 Oroxylin a 4137 0.23
Scutellariae Radix MOL002914 Eriodyctiol (flavanone) 41.35 0.24
Scutellariae Radix MOL002910 Carthamidin 4115 0.24
Scutellariae Radix MOL002913 Dihydrobaicalin_gqt 40.04 0.21
Scutellariae Radix MOL000525 Norwogonin 394 021
Scutellariae Radix MOL010415 11,13-Eicosadienoic acid, methyl ester 39.28 0.23
Scutellariae Radix MOL002926 Dihydrooroxylin A 3872 0.23
Scutellariae Radix MOLO012266 Rivularin 37.94 037
Scutellariae Radix MOL002908 5,8,2'-Trihydroxy-7-methoxyflavone 37.01 0.27
Scutellariae Radix MOL002925 5,7,2',6'-Tetrahydroxyflavone 37.01 0.24
Scutellariae Radix MOL000358 beta-Sitosterol 3691 0.75
Scutellariae Radix MOL000359 Sitosterol 3691 0.75
Scutellariae Radix MOL012245 5,7,4'-Trihydroxy-6-methoxyflavanone 36.63 0.27
Scutellariae Radix MOL002933 5,7,4'-Trihydroxy-8-methoxyflavone 36.56 0.27
Scutellariae Radix MOL001689 Acacetin 3497 0.24
Scutellariae Radix MOL002909 5,7,2,5-Tetrahydroxy-8,6-dimethoxyflavone 33.82 0.45
Scutellariae Radix MOL001506 Supraene 3355 0.42
Scutellariae Radix MOL002714 Baicalein 33.52 0.21
Scutellariae Radix MOL000552 5,2'—Dihydroxy—6,7,8—trimethoxyﬂav0ne 31.71 0.35
Scutellariae Radix MOL000173 Wogonin 30.68 0.23
Scutellariae Radix MOL001458 Coptisine 30.67 0.86
Coptidis Rhizoma MOL002907 Corchoroside A_qt 104.95 0.78
Coptidis Rhizoma MOL008647 Moupinamide 86.71 0.26
Coptidis Rhizoma MOL000785 Palmatine 64.6 0.65
Coptidis Rhizoma MOL000622 Magnograndiolide 63.71 0.19
Coptidis Rhizoma MOL002903 (R)-canadine 55.37 0.77
Coptidis Rhizoma MOL000098 Quercetin 46.43  0.28
Coptidis Rhizoma MOL002668 Worenine 45.83 0.87
Coptidis Rhizoma MOL013352 Obacunone 4329 0.77
Coptidis Rhizoma MOL002897 Epiberberine 43.09 0.78
Coptidis Rhizoma MOL001454 Berberine 36.86 0.78
Coptidis Rhizoma MOL002904 Berlambine 36.68 0.82
Coptidis Rhizoma MOL002894 Berberrubine 35.74 0.73
Coptidis Rhizoma MOL000762 Palmidin A 35.36  0.65
Coptidis Rhizoma MOL001458 Coptisine 30.67 0.86
Glycyrrhiza Radix Bt 151 002311 Glycyrol 90.78  0.67
Rhizoma

Glyeyrrhiza Radix Et MOL004990 7,2' 4'-Trihydroxy-5-methoxy-3-arylcoumarin 83.71 0.27

Rhizoma
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TasLE 1: Continued.
. L. OB
Chinese medicine Mol ID Molecule Name (%) DL
0
Gly.cy rrhiza Radix Et MOL004904 Licopyranocoumarin 80.36  0.65
Rhizoma
Glyeyrrhiza Radix Bt 161 604801 Shinpterocarpin 803 0.73
Rhizoma
Glycyrrhiza Radix Bt 151 005017 Phaseol 78.77 058
Rhizoma
Glycyrrhiza Radix Bt 161 004841 Licochalcone B 76.76 019
Rhizoma
Glyeyrrhiza Radix Bt 151 004810 Glyasperin F 75.84  0.54
Rhizoma
Glycyrrhiza Radix Bt 11 001484 Inermine 7518 0.54
Rhizoma
Glycyrrhiza Radix Et— v 161 000500 Vestitol 7466 021
Rhizoma
Glyeyrrhiza Radix Bt 131 005007 Glyasperins M 7267 0.59
Rhizoma
g]?;?; ::l};zza Radix Et MOL004941 (2R)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one 7112 0.18
Glyeyrrhiza Radix Bt 1651 604950 1-Methoxyphaseollidin 69.98 0.64
Rhizoma
Glyeyrrhiza Radix Et -y 101 000392 Formononetin 69.67 021
Rhizoma
Glycyrrhiza Radix Et . .
Rhizoma MOL004863 3-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-8-(3-methylbut-2-enyl)chromone 66.37 0.41
Glyeyrrhiza Radix Et 1031 004903 Liquiritin 65.69 0.74
Rhizoma
Glyeyrrhiza Radix Bty 11 004808 Glyasperin B 6522 044
Rhizoma
Glyeyrrhiza Radix Bty 131 004829 Glepidotin B 64.46 0.34
Rhizoma
Glycyrrhiza Radix Bt 61 004855 Licoricone 63.58 047
Rhizoma
g}lf:?; ::Zzza Radix Et MOL004914 1,3-Dihydroxy-8,9-dimethoxy-6-benzofurano [3,2-c]chromenone 62.9 0.53
Glycyrrhiza Radix Bty 11 004835 Glypallichalcone 61.6  0.19
Rhizoma
Glyeyrrhiza Radix Bt 131 004907 Glyzaglabrin 61.07 0.35
Rhizoma
Glycyrrhiza Radix Et -y 1651 005000 Gancaonin G 60.44 039
Rhizoma
Gly.cyrrhlza Radix Et MOL004824 (28)-6-(2,4-d1hydroxyphenyl)-2-(2-hydroxypropan-2-yl)-4-methoxy-2,3- 6025 0.63
Rhizoma dihydrofuro[3,2-g]chromen-7-one
Gly'cyrrhzza Radix Et MOL004849 3—(2,4—D1hydroxypheny1)—8—(1,1—dlmethylProp—Z—enyl)—7—hydroxy—5—methoxy— 5062 043
RhlZOmﬂ coumarin
Glycyrrhiza Radix Bt 161 004328 Naringenin 59.29  0.21
Rhizoma
Glycyrrhiza Radix Bty 151 005003 Licoagrocarpin 58.81  0.58
Rhizoma
}(g;;lz):?; :;P:za Radix Et MOL004838 8-(6-Hydroxy-2-benzofuranyl)-2,2-dimethyl-5-chromenol 5844 0.38
Gly.cy rrhiza Radix Et MOL005012 Licoagroisoflavone 57.28 0.49
Rhizoma
Glyeyrrhiza Radix Et 61 000211 Mairin 5538 0.78
Rhizoma
Glycyrrhiza Radix Bt 1 005018 Xambioona 5485 0.87
Rhizoma
Glyeyrrhiza Radix Bt 1657 005020 Dehydroglyasperins C 53.82 037

Rhizoma
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TaBLE 1: Continued.

Chinese medicine Mol ID Molecule Name (OO/B) DL
0

Glyeyrrhiza Radix Bty 151 004903 8-Prenylated eriodictyol 53.79 04

Rhizoma

Glyeyrrhiza Radix Bt /1 04908 Glabridin 5325 0.47

Rhizoma

Glycyrrhiza Radix Et /51 604910 Glabranin 529 031

Rhizoma

Glyeyrrhiza Radix Bt 161 004879 Glycyrin 5261 0.47

Rhizoma

Glycyrrhiza Radix Bt /1 604912 Glabrone 5251 05

Rhizoma

Glycyrrhiza Radix Bt /1 04885 Licoisoflavanone 5247 0.54

Rhizoma

Glyeyrrhiza Radix Bt 1031 003656 Lupiwighteone 51.64  0.37

Rhizoma

Glycyrrhiza Radix Bt /1 004856 Gancaonin A 51.08 04

Rhizoma

Glyeyrrhiza Radix Et /57 060239 Jaranol 50.83 0.29

Rhizoma

Glycyrrhiza Radix Et /57 004850 Kanzonols W 5048 0.52

Rhizoma

Glycyrrhiza Radix Bt -\ 1 605001 Gancaonin H 501 078

Rhizoma

Glycyrrhiza Radix Bt ;1 605016 Odoratin 4995 0.3

Rhizoma

Glycyrrhiza Radix Bt /1 000354 Isorhamnetin 496 031

Rhizoma

Glycyrrhiza Radix Et /1 04848 Licochalcone G 4925 0.32

Rhizoma

Glyeyrrhiza Radix Bty 151 002565 Medicarpin 4922 034

Rhizoma

Glycyrrhiza Radix Bt /1 0457 Gancaonin B 4879  0.45

Rhizoma

Glycyrrhiza Radix Bt /1 004827 Semilicoisoflavone B 4878  0.55

Rhizoma

g}ll}:?; Z]:za Radix bt MOL004913 1,3-Dihydroxy-9-methoxy-6-benzofurano [3,2-cJchromenone 48.14 0.43

Glycyrrhiza Radix Bt 1631 000417 Calycosin 47.75 0.24

Rhizoma

Glycyrrhiza Radix Bt /1 04961 Quercetin der. 46.45 0.33

Rhizoma

Glycyrrhiza Radix Et /1 600098 Quercetin 4643 0.8

Rhizoma

Glycyrrhiza Radix Bt /1 04911 Glabrene 4627 0.44

Rhizoma

Gly.cyrrhzza Radix Et MOL004898 (E)-3-[3,4-dihydroxy-5-(3-methylbut-2-enyl)phenyl]-1-(2,4-dihydroxyphenyl) 4627 031

Rhizoma prop-2-en-1-one

Glyeyrrhiza Radix Bt 161 004974 3'-Methoxyglabridin 4616 057

Rhizoma

Glycyrrhiza Radix Bt 151 004811 Glyasperin C 4556 04

Rhizoma

Glycyrrhiza Radix Et /1 04949 Isolicoflavonol 4517 0.42

Rhizoma

Glycyrrhiza Radix Bty 151 004828 Glepidotin A 4472 035

Rhizoma

Glycyrrhiza Radix Et

Rhizoma MOL004948 Isoglycyrol 447  0.84

Glycyrrhiza Radix Et

Rhizoma MOL004866 2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-6-(3-methylbut-2-enyl)chromone 4415 041
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TasLe 1: Continued.

. L. OB
Chinese medicine Mol ID Molecule Name (%) DL
Glyeyrrhiza Radix Bt 131 004966 3'-Hydroxy-4'-O-methylglabridin 4371 057
Rhizoma
Glyeyrrhiza Radix Bt 161 004915 Eurycarpin A 4328 037
Rhizoma
Glyeyrrhiza Radix Et 161 693896 7-Methoxy-2-methyl isoflavone 4256 0.2
Rhizoma
Glyeyrrhiza Radix Bt 1651 600422 Kaempferol 4188 0.24
Rhizoma
Glycyrrhiza Radix Bt y61 004883 Licoisoflavone 4161 042
Rhizoma
Glyeyrrhiza Radix Bt 131 005008 Glycyrrhiza flavonol A 4128 06
Rhizoma
Glycyrrhiza Radix Et Lo
Rhizoma MOL005013 18a-Hydroxyglycyrrhetic acid 41.16 0.71
Glyeyrrhiza Radix Bt 131 004924 (-)-Medicocarpin 4099 0.95
Rhizoma
Glyoyrrhiza Radix EE— /1 000497 Licochalcone a 40.79 029
Rhizoma
Glycyrrhiza Radix EE— /51 004980 Inflacoumarin A 3971 033
Rhizoma
Glycyrrhiza Radix Et . .

Rhizoma MOL004815  (E)-1-(2,4-dihydroxyphenyl)-3-(2,2-dimethylchromen-6-yl)prop-2-en-1-one 39.62 0.35
Glyeyrrhiza Radix Bt 1631 004989 6-Prenylated eriodictyol 3922 041
Rhizoma

Glycyrrhiza Radix Bty 161 004884 Licoisoflavone B 3893 0.55
Rhizoma

Glyeyrrhiza Radix Bt 131 004901 7-Acetoxy-2-methylisoflavone 3892 0.26
Rhizoma

Glyoyrrhiza Radix Bt /1 004957 HMO 3837 0.1
Rhizoma

Glyeyrrhiza Radix Bt 1651 004917 Glycyroside 37.25 0.79
Rhizoma

Glycyrrhiza Radix Bty 161 000359 Sitosterol 3691 075
Rhizoma

Glycyrrhiza Radix Et

Rhizoma MOL004945  (2S)-7-hydroxy-2-(4-hydroxyphenyl)-8-(3-methylbut-2-enyl)chroman-4-one 36.57 0.32
Gly.cyrrhzza Radix Et MOL004978 2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyrano [6,5-f]chromen-3-yl]-5- 3621 052
Rhizoma methoxyphenol

Glyeyrrhiza Radix Bty 151 004935 Sigmoidin-B 34.88 0.4l
Rhizoma

Gl){cyrrhzza Radix Et MOL004905 3,22-D1hydroxy-11-oxo-delta(l2)-oleaqene-27-alpha-methoxycarbonyl-29-01c 3432 055
Rhizoma acid

Glycyrrhiza Radix Bt 1 004882 Licocoumarone 3321 0.36
Rhizoma

Glyeyrrhiza Radix Et 1651 604860 Licorice glycoside E 3289 027
Rhizoma

Glycyrrhiza Radix Bt \161 001792 DFV 3276 0.8
Rhizoma

Glycyrrhiza Radix Et 651 004988 Kanzonol F 3247 0.89
Rhizoma

Glycyrrhiza Radix Bt 651 004833 Phaseolinisoflavan 3201 0.45
Rhizoma

Glycyrrhiza Radix Et 161 004814 Isotrifoliol 31.94 042
Rhizoma

Gly.cyrrhzza Radix Et MOLO004805 (25)-2-[4-hydrox.y-3-(3-methylbut-2-eny1)phenyl]-8,8-d1methyl-2,3- 3179 072
Rhizoma dihydropyrano [2,3-flchromen-4-one

Glycyrrhiza Radix Bt /51 004985 Tcos-5-enoic acid 307 02

Rhizoma
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TaBLE 1: Continued.

Chinese medicine Mol ID

OB

(%) DL

Molecule Name

Glycyrrhiza Radix Et MOL004996

Gadelaidic acid 307 0.2

Rhizoma
g;l};?; ;Z};lza Radix Et MOL004864 5,7-Dihydroxy-3-(4-methoxyphenyl)-8-(3-methylbut-2-enyl)chromone 3049 0.41
Glycyrrhiza Radix Bty 161 004806 Euchrenone 3029 057
Rhizoma
Note. OB: oral bioavailability; DL: drug-likeness.
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FiGure 1: GD-active ingredients-potential targets-enzymes network. The purple triangle represents 4 Chinese herbal medicines, the blue
circle represents the active ingredients in GD, the green hexagon represents lactase and sucrase, and the yellow diamond represents the

targets.

SLCOA8  KRTB TNFRSF138 NAPSA TCN2  ALAD  CAV1 CYP2D6 CDKN1B HIR3A  TJP1  XRCC1 IGHM  CPOX  AZI2 BTD  PMM2  CLCN5
ARX  CYP7B1  SUGCT  SAA1 MVK GPT  TYMS  RFX6 TRH TABS RET  SLC4BAT CASA  ABCG2  FAP TYMP  UGT1A1  ACOTS
BINK ~ TACH STX3 NCKAP1 PDZD3 NR2C2 NCF4 CAV2  PHKB  PIGR  NMEt  CDS5 SCNN1A OXAIL OR2AG1 HSD3B7  TREH TR
CLDN2 MPVA7  CFTR  AKT1 GNS  POLG ~ MPO  GALT  MGAM2 ANKS1B ~ CPP  HGSNAT ALG3  PTPRC SLC22A1 CHN1  F2RL1  MBL2
SPIt ucpP1 LIPA e CPE  NAGLU MIRS10 ILIRN ERVK-19 UCP2 SERPING1 ABCCS8 UGT1A7 TNMD ~ ABCB1 CYP3A4  DES NHS
HMGCS2 ADAM17  BLM CTSB  SLC26A2  SCT SAR1IB  CYLC2  TRMO e PCSK1 ELP1 CES1  ST8SIA2 SAA@ DNMT3B  ICOS USE1
SYCEIL LRRCBA RECQL4 NEUROG3 MTHFR  NPR3 ~ SLFN12  CFH ODC1  CPTIA  HNFIB  KLHL1 LGALS3  GDE1  SPINT2  CD19 SLFN12L  SGSH Ia.e
DCLREIC ERBB2 GUCY2C JAK3 ~ SCN9A  LCT  PTGS2 CASR CDKN2B ABCC2  CDA  CES2 POU2Ft  JPT1  DDIT3  ADA  ERVK-11 KCNJ11
BONF  IL1A  PRSS57 TMPRSS15 BTK IL6  SLC7TA7 TLR8 HNFIA  PDR  OPRM1 UGTIA8 MIR29A UMPS  KLK4  MGAM  MFT2  DHDDS
diaﬁea PRNP  PER2 ~ SCN11A AKRID1 NR1I2  CYLD ~ GCG ~ SCNN18 SERPINE1 SLC19A2 CEACAMS HMBS  UGT1A9 ~ NRAS  CPB2 KLB cp14  cPB1
PDX1 LCK  NAA25 CYP27A1 SLC6A4 SLC26A3 AVP  FGF19  Fi2 OXT  NXPH1  GSTT1 SLC45A2 RAG! VEGFA  ABCB4 ILIRL1  TBCA
RAPGEF3 IL22  CYP11B2 CDRTi SLC10A2 CDTi  ABL1  NAPIL1  MME  FAAH SLC9ASR2 MEFV  SLC39A4 FBXW10 DGAT1 STX1A SH2D3C S| Sl.SE
EPCAM  THBS1 APOE GPNMB UGT287 INS  GATA5  DDC  KCNJ1  AIRE  MYOSB SLC26A4  CD79ALOCI00421126CNNTG  GLB1  IGLL1  CXCLS
FGFR4 S100A10 EGFR  IKZF1 sT2 SAT1  ATP8B1 DPYD OPLAH  ACE CSF3  ABCB11 TIC37 SCNSA SLCI2A1 STX2  WNTSA  TDH
HTR3E SLC52A1 RAG2 CR2 HADH  NR3C2  GAST ANTXR2 STAT1 TLR3  SDCBP2 TNFRSF1A HOXC11  CD3D  ADRM1 MARCHS CYP2B6 LTF
SLC35A2  TSHR TNF  NR4A3 NOS2 CD40LG CHPT1 SETDIA  AK2  ZAP70 NBN  FOXP3  MCM6  PIK3R1  IL11 MEN1 TNFRSF11B TPH2
GNAS  PRM3 RRM28 ACSF3  TCF3 KCNQ5 CDC42  GLA  MLYCD  RNF2 AFA  SLC12A3 SERPINB2 BRAF  CTLA¢  SARS PYY  SLCOA1
MAP3K7 DS SLCI7A5  IFNA2 MPI  AP1S1  IL7TR SULT2A1 TPH1  IL17D  LEPR CDKN2C CYPIA2  ZIC3  STAT3  ALPI e 110
KIT LYZ PPPIR2C SLC9A3 SKIV2L UGTIA CD798  HLAB AGA  CDKN1A HNF4A  TOP2A PIGT ATP6 DHFR AIM2 TNFRSF13C POLA1

SLCOA3R1 CYP2A6

FiGure 2: Diarrhea-potential targets-lactase-sucrase network. Pink hexagons represent diseases, green octagons represent lactase and
sucrase, and yellow diamonds represent potential targets. The connection between nodes indicates the corresponding relationship between

the two.
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FIGURe 3: GD-active ingredients-enzymes-diarrhea network. The purple triangle represents 4 Chinese herbal medicines, the blue circle
represents the active ingredients in GD, the green polygon represents lactase and sucrase, the pink polygon represents disease, and the yellow

diamond represents the targets.

4. Discussion

Intestinal functional enzymes (including lactase and sucrase)
are widely distributed in the intestinal mucosa and contents
and participated in many important biological metabolic
processes and material circulation of the intestinal tract,
playing an important role in the digestion, absorption,
growth, and development of nutrients in the body [29].
Intestinal microorganisms are the main source of intestinal
functional enzymes. While they use the food in the host
digestive tract to satisty their own growth, they can also

produce various enzymes, organic acids, and nutrients to
assist the host in nutrient absorption and energy metabolism
and regulate the balance of intestinal microorganisms, which
is closely related to the physiology and pathology of the host
[30]. The occurrence of diarrhea reduces the number of
physiological bacteria and increases the conditional path-
ogenic bacteria. Changes in the composition and structure of
intestinal microbes will also affect the activity of intestinal
enzymes [31]. Some bacteria in the intestines, such as
Bacteroides, Streptococcus, Lactobacillus, and Bifidobacte-
rium, have excellent enzyme systems, which contribute to
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TaBLE 2: Top 30 active ingredients or potential target proteins in the
GD-active ingredient-enzyme-diarrhea network.

Name DC BC CC

Quercetin 284 0.4742 0.4963
PTGS2 122 0.0911 0.5218
HSP90 95 0.0595 0.4845
CALM 94 0.0230 0.3818
AR 93 0.0352 0.4532
ESR1 92 0.0205 0.3602
NOS2 91 0.0187 0.3769
GC 88 0.0512 0.4553
PRSS1 79 0.0263 0.4386
Formononetin 76 0.0389 0.3741
PTGS1 76 0.0494 0.4678
beta-Sitosterol 74 0.0366 0.3755
PPARG 70 0.0276 0.4386
SCN5A 69 0.0319 0.4266
NCOA2 68 0.0367 0.4248
CDK2 66 0.0065 0.3342
PIM1 65 0.0050 0.3215
F10 63 0.0159 0.4006
ESR2 63 0.0049 0.3210
GSK3B 62 0.0052 0.3282
Kaempferol 58 0.0635 0.3884
CHEK1 57 0.0049 0.3272
CCNA2 55 0.0035 0.3160
DPP4 52 0.0172 0.4136
MAPK14 52 0.0037 0.3230
Wogonin 45 0.0437 0.3769
ADRB2 45 0.0184 0.4095
RXRA 45 0.0150 0.4014
7-Methoxy-2-methyl isoflavone 43 0.0178 0.3783
F2 41 0.0093 0.3884

Note. DC: degree centrality; BC: betweenness centrality; CC: closeness
centrality.

their huge catalytic and hydrolysis potential [32]. Lactase
and sucrase are important intestinal functional enzymes
related to diarrhea. Lactase deficiency or inhibition of its
enzyme activity will cause flatulence and even diarrhea [33].
Sucrase deficiency can cause malabsorption syndrome, and
adverse symptoms such as diarrhea, bloating, and abdominal
pain may occur after eating the sucrose-containing diet [34].
Studies have shown [6, 35] that the activities of lactase and
sucrase in the intestinal mucosa and contents of antibiotic-
associated diarrhea model mice were reduced. The previous
experimental results of the research group found that [21]
modeling could increase the total microbial activity in the
intestinal contents and intestinal mucosa diarrhea with
IDHS mice (p < 0.05; p < 0.05), suggesting that diarrhea with
IDHS caused the increase of the total amount of intestinal
microorganism in mice. After modeling, the activities of
lactase and sucrase in intestinal contents of model mice were
significantly increased (p <0.05; p <0.05), but the activities
of lactase and sucrase in the intestinal mucosa were sig-
nificantly decreased (p<0.05; p<0.05), suggesting that
diarrhea with IDHS could cause changes in lactase and
sucrase in the intestinal tract of mice.

Most Chinese herbal medicine are taken orally, and the
interaction between the drugs and intestinal microbes is
often the key to their efficacy. Qiwei Baizhu Powder

Evidence-Based Complementary and Alternative Medicine

promoted the recovery of lactase and sucrase activities in
antibiotic-associated diarrhea mice [8, 36]. Previous studies
indicated [21] that GD markedly reduced the microbial
activity in the intestinal contents and intestinal mucosa of
mice (p <0.05; p <0.05). The activities of lactase and sucrase
in the intestinal contents were significantly decreased
(p<0.05; p<0.05), the activities of lactase in the intestinal
mucosa decreased (p<0.05), and the activities of sucrase
increased (p < 0.05). This might be due to the rich content of
intestinal flora in intestinal contents, which had a two-way
effect on the regulation of lactase and sucrase activities.
Combined with network pharmacological analysis, we
constructed the GD-active ingredient-potential target-en-
zymes network. The analysis results adopted “DC,” “BC,”
and “CC” to determine the key nodes and screened the active
ingredients and targets according to the network median
value > median. The median degree of the active ingredient
was 18, and the target degree was 2. Among them, quercetin,
formononetin, beta-sitosterol, kaempferol, and wogonin
were the main active ingredients screened out in the net-
work, and PTGS2, HSP90, CALM, AR, and ESR1 were the
main active targets, and both played an important role in the
regulation of lactase and sucrase by GD. At the same time,
according to the target information of diarrhea, lactase and
sucrase, we constructed the diarrhea-potential target-en-
zyme network. In this network analysis, we indicated that
HNFI1A might play an important role in diarrhea affecting
lactase and sucrase. Then, we used Cytoscape 3.7.2 software
to construct the GD-active ingredient-enzyme-diarrhea
network. The results showed that quercetin, formononetin,
beta-sitosterol, kaempferol, and wogonin played an im-
portant role in the regulation of lactase and sucrase activity
by GD in the treatment of diarrhea. Quercetin is one of the
more important bioflavonoids found in current research
[37, 38]. Quercetin affects the quantity and quality of the
intestinal microbiota, thereby indirectly affecting their own
metabolism and bioavailability [39]. Studies have indicated
that quercetin can enhance the tolerance of diabetic animals
to hyperglycemia and control the further development of
diabetic complications by regulating the activity of lactase in
the intestine of diabetic rats [40]. According to the results of
in vitro experiments [41], quercetin significantly support the
proliferation of Lactobacillus within a certain concentration
range, and Lactobacillus contributes to the hydrolysis of
intestinal enzymes. Some studies have reported that active
ingredients such as formononetin and f-sitosterol have
certain anti-inflammatory effects. These anti-inflammatory
effects can be achieved through the regulation of intestinal
flora. Among them, formononetin achieve the anti-in-
flammatory effect by regulating intestinal flora in the process
of diarrhea [42]. f-Sitosterol treatment to intestinal epi-
thelial cells significantly increases expression of antimicro-
bial peptides and reduces survival of intracellular Salmonella
typhimurium [43]. Also, some bacteria in the intestine are
involved in affecting the regulation of intestinal enzymes. It
is inferred that these active ingredients may regulate in-
testinal enzyme activity by regulating some bacteria in the
intestine, thus achieving the effect of treating diarrhea. On
this basis, we also found that some ingredients in GD might
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F1GURE 4: Molecular docking analysis of the potential active ingredients of GD and the potential target. Molecular docking mode of PTGS2
and quercetin, formononetin, f-sitosterol kaempferol, and wogonin. (a) PTGS2 acts on quercetin. (b) PTGS2 acts on formononetin.
(c) PTGS2 acts on beta-sitosterol. (d) PTGS2 acts on kaempferol. (e) PTGS2 acts on wogonin.

act on multiple targets, while the phenomenon that different
ingredients act on the same target together reflected the
mechanism of interaction between multiple ingredients in
TCM and multiple targets.

Molecular docking studies were carried out to confirm
the interaction between active ingredients and diarrhea-
related potential target at the molecular level. This deter-
mined the binding pose of the active ingredients when
bound to the target protein and suggested that the active
ingredients might have high binding affinity for proteins
encoded by diarrhea-related genes. The results of this study
showed that the combination of GD and diarrhea target
binding energy was negative, indicating that there was
binding activity between the ingredient and the target
protein. Among these interactions, the most important node
(formononetin) had the high affinity with potential target in
the molecular docking score. This result indicated that in-
stead of one ingredient interacting with one target protein,
one or more ingredients interact with multiple target pro-
teins. Based on this, it was speculated that these ingredients
might play an important role in GD in regulating the ex-
pression of diarrhea target protein.

5. Conclusions

To sum up, the active ingredients in GD (such as quer-
cetin, formononetin, and f-sitosterol) may enhance the
microbial activity of the intestinal mucosa of diarrhea
with IDHS mice and decrease the intestinal contents
through multiple targets, so as to achieve the therapeutic
effect of diarrhea, in order to provide the basis for the

clinical diarrhea differentiation diagnosis and the
mechanism research of the curative effect of TCM pre-
scription. Simultaneously, there were still limitations in
this study, i.e., the forecast results were obtained based on
existing limited databases and might involve the existence
of factors such as insufficient research on key targets of
diarrhea, unknown chemical composition and structure
of GD, and the interaction relationship between the in-
gredients. Additionally, this study only provides a pre-
liminary hypothesis for the scientific study of TCM;
animal experiments, molecular experiments, and clinical
investigations should be performed to verify the mech-
anism of GD against diarrhea in future studies.

Abbreviations

IDHS:  Intestinal damp-heat syndrome

FDA: Fluorescein diacetate

GD: Gegengqinlian decoction

PLR: Puerarie Lobatae Radix

SR: Scutellariae Radix
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