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[ Abstract] Objective: Based on database mining, the high-frequency compatibility of Caryophylli

Fols as the core in formulas for treating diarrhea was analyzed, and the network pharmacology was used to
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elucidate the mechanism of the core drug group containing Caryophylli Fols in the treatment of diarrhea.
Method: The online database of traditional Chinese medicine (TCM ) was intelligently crawled by Python 3.8.1
programming, and the compatibility rules of Caryophylli Fols were analyzed, and the TCM with support=0.30,
confidence=0.90 and lift=1.00 was set as the core drug group of Caryophylli Fols. The components were searched
and screened by TCM Systems Pharmacology Database and Analysis Platform (TCMSP) , and the disease
targets were collected in Therapeutic Target Datebase (TTD) , GeneCards and DisGeNET database with
"Diarrhea" as the key word. The network diagram of "TCM-ingredients-potential targets" was constructed by
Cytoscape 3.7.1 software, and the network of protein-protein interaction (PPI) was constructed by STRING
11.0. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment analysis of
potential targets was analyzed by R language, and the components of the core drug group were preliminarily
verified and evaluated by Discovery Studio Client 2016 software. Result: A total of 155 formulas containing
Caryophylli Fols for treating diarrhea were screened, involving 54 TCMs. The analysis of association rules
showed that Caryophylli Fols was strongly associated with Myristicae Semen, Glycyrrhizae Radix et Rhizoma,
Aucklandiae Radix and Atractylodis Macrocephalae Rhizoma in the treatment of diarrhea. The core drug group
composed of these five TCMs involved 119 kinds of TCM ingredients and 114 potential targets, of which 104
potential targets were distributed in the nervous system, and the key targets were tumor protein p53 (TP53),
transcription factor activator protein-1 (JUN), mitogen-activated protein kinase 8 (MAPKS), interleukin-6 (IL-
6), 90 kDa heat shock protein «A1 (HSP90AA1) and so on. GO enrichment analysis mainly involved biological
processes such as the regulation of neurotransmitter levels, blood circulation, hormone-mediated signal pathway
and regulation of chemical synaptic transmission. IL-17 signal pathway, helper T cell 17 (Thl17) cell
differentiation, epidermal growth factor receptor and salmonella infection in KEGG pathways were closely
related to the treatment of diarrhea. Molecular docking showed that the key target protein had high affinity with
quercetin, kaempferol and B-sitosterol. Conclusion: The multi-components, multi-targets and multi-pathways
involved in the core drug group of Caryophylli Fols are closely related to inflammation and nervous system, so it
is speculated that it may treat diarrhea by repairing intestinal shielding integrity and regulating the levels of
neurotransmitters.
[Key words] data mining; network pharmacology; diarrhea; Caryophylli Fols; inflammation; brain-

gut interaction; formulas
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Fig. 1 Flow chart of research on mechanism of core drug group containing Caryophylli Fols in treatment of diarrhea
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Table 1 Analysis on frequency of drug compatibility in

Caryophylli Fols-containing formulas for treating diarrhea
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Table 2

Frequency of drug combinations commonly used in

Caryophylli Fols-containing formulas for treatment of diarrhea

Table 3  Analysis of drug categories in Caryophylli Fols-

containing formulas for treatment of diarrhea
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Table 4 High frequency core drug pairs in Caryophylli Fols-

containing formulas for treatment of diarrhea

No. SEIR AL SR BRI
1 RE-TH 0.39 0.94
2 HE-TH& 0.34 0.91
3 W T 0.33 0.96
4 HAR-T 0.30 0.94
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Fig. 2 Analysis process of component target and diarrhea target network of core drug group containing Caryophylli Fols
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Table 5 Nodes of key active ingredients in core drug group containing Caryophylli Fols for treatment of diarrhea
He4 kiR W R J 53 44 B e
1 T& HR MOL000098 ffi{ iz % quercetin 7
2 TH HHE MOL000422 111 ZE f} kaempferol 44
3 TH. AT MOL000358 B-74 B B-sitosterol 37
4 THR AF MOL000449 . i stigmasterol 36
5 WEE MOL009255 5-[(2S,3S)-7-methoxy-3-methyl-5-[( £)-prop-1-enyl]-2, 3-dihydrobenzofuran-2-yl]-1, 3-benzodioxole 35
6 HHx MOL004996 Jz x| ik % 2 gadelaidic acid 33
7 H#E MOL002565 3t 41 % medicarpin 32
8 HHE MOL000354 5[ 7% % isorhamnetin 30
9 H®E MOL004978 2-[(3R)-8,8-dimethyl-3,4-dihydro-2H-pyrano[6, 5-f]chromen-3-yl]-5-methoxyphenol 30
10 H# MOL004974 3'-H 4 3L H B2 5¢ 3'-methoxyglabridin 30
11 H# MOLO004959 1-H 4 %32 5 % 1-methoxyphaseollidin 30
12 HHE MOLO004891 shinpterocarpin 30
13 H#® MOL000392 =4 {£ 8 % formononetin 29
14 HH MOLO004966 3'-hydroxy-4'-O-methylglabridin 29
15 Hi MOL005007 #1E H % M glyasperins M 29
16 HH MOLO005003 licoagrocarpin 28
17 HWEXE MOL009263 saucernetindiol 27
18 HxE MOL004328 7 jZ Z naringenin 27
19 MOL000497 H E A /R A licochalcone A 27
20 THF& MOLO013219 strictosamide-qt 26
21 HH MOL009243 5 /@A % isoguaiacin 26

BT TR R R AR B RO WA IR
2.8 A FxHE DL PPIR 4% degree i . Y 5% e
WL R AT 43 F X B IE , 78 RCSB PDB 4 4 T 200
P ¥ 4 32 /A ——TP53 (PDB ID 6IUA) , MAPKS
(PDB ID 2XRW) , JUN(PDB ID 5GJE), IL-6 (PDB
ID 409H) #1 HSP9OAA1(PDB ID 5NIX) , 5 % )i ()
o2 AR R AT IR, 45 5 TPS3 5 M Bz 2 X% 43 2K
123.93, MAPKS 5 111 2% By 1) X 4% 70 % 109.47; JUN
5 B -sitosterol, quercetin, formononetin, [ 7 ik
(anethole) i X $2 73 %043 511 0 124.99,105.77,97.03,
59.48; 1L-6 5 it 2 F 1) XJ 2 73 %0 97.76 ; HSP9OA A
5 strictosamide-qt, Z, J& 4l i 2 B (sigmoidin B) , #
£ H # F F (glyasperin F) , H # 5 # b 07
(licoisoflavanone) , glyasperin B, I /K [ ¥
(galbacin) , H ¥ 7 B (gancaonin B) , isoguaiacin, 3-
(3, 4-dihydroxyphenyl) -5, 7-dihydroxy-8- (3-
methylbut-2-enyl)chromone, ( E£)-3-[3,4-dihydroxy-5-
(3-methylbut-2-enyl) phenyl] -1- (2, 4-
- 164 -

dihydroxyphenyl) prop-2-en-1-one, f§ i H # 2% B
(glepidotin B) , kaempferol, gancaonin H, (2S) -7-
hydroxy-2- (4-hydroxyphenyl) -8- (3-methylbut-2-
enyl) chroman-4-one, naringenin, 1, 3-dihydroxy-9-
methoxy-6-benzofurano[3,2-c]chromenone, ¥ H & 7
¥ P A (eurycarpin A) , i P B & F 4F R
(lupiwighteone) , B-sitosterol, gancaonin A , J: H # T
(glabranin) , 2 H & 5% %% B B (semilicoisoflavone
B), H % % % Ei (licocoumarone) , - A K T &
(1-methoxyphaseollidin) , glepidotin A,
tetrahydrofuroguaiacin B, H % % i i A (glycyrrhiza
flavonol A) , gancaonin G, saucernetindiol, H & %
(2R) -7-hydroxy-2-  (4-
hydroxyphenyl) chroman-4-one, H % F @ [

(liquiritigenin) ,

(licoisoflavone) , H %t 7% # & % (licoarylcoumarin) ,
quercetin, glyasperin C, 2-[(3R) -8, 8-dimethyl-3, 4-
dihydro-2H-pyrano[6, 5-f]chromen-3-yl] -5-
methoxyphenol, ' £ ¥ [} (vestitol) , 77 & K 35 &
(odoratin) , isorhamnetin, 3t H ¥ & (glabrene) , & &
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Table 6 Key targets and topological properties of core drugs

containing Caryophylli Fols in treatment of diarrhea

R A FR HERAHE
988 2 4 P53 (tumor protein P53) TP53 36
JUN J& 4 % [Hl [transcription factor activator JUN 29
protein-1( AP-1)]
22 4575 AL 2 11 3 ¥ 8 ( mitogen-activated MAPKS 29
protein kinase 8)
1 41 it £ Z -6 (interleukin-6) IL-6 28

90 kDa #4/K 50 8 H « A1(90 kDa heat shock HSP90AA1 28
protein aAl)

£ e 4 K AT (epidermal growth factor) EGF 26

mitogen-activated protein kinase 3 MAPK3 24
1L P % A 4 K F A (vascular endothelial VEGFA 24

growth factor A)

e 4 2 52 4K 1 (estrogen receptor 1) ESR1 23
1T 51 2% i AR G e 2 PTGS? .

(prostaglandin G/H synthase 2)

interleukin-18 IL-1BEIL-18 21

# A K W T % 1k (epidermal growth EGFR 20
factor receptor)
mitogen-activated protein kinase 14 MAPK 14 18
T8 2% 32 {& (androgen receptor) AR 17
1217 Z N4 1 (heme oxygenase 1) HMOX1 16
— %1k & 4 B 3 (nitric-oxide synthase 3) NOS3 16
211 5% {& ( progesterone receptor) PGR 15
i 48 AL & ( catalase) CAT 15
W J i & 32 1K (glucocorticoid receptor) NR3C1 15

Janus 2 [ i§ & R % W 2 ( Janus tyrosine- JAK2 14
protein kinase 2)

o 58 16 ) Tl R 184 5 3800 3Z K y(peroxisome PPARG 14
proliferator activated receptor gamma)

P BE 40 M0 9 2 1 ( retinoblastoma- RB1 13
associated protein 1)

O 4 B H M B 2 ( matrix MMP2 12
metalloproteinase 2)
matrix metalloproteinase 1 MMP1 11
nitric-oxide synthase 2 NOS2 11
estrogen receptor 2 ESR2 11

¥ 3 K fili #4075 % B 1 ( nuclear receptor NCOA1 11
coactivator 1)

JE 1 K M SR 1 ( cyclin-dependent CDK1 11
kinase 1)

5 # i (calycosin) , Bl R H FH A& H [
(glypallichalcone) , )G H # 4 (glyzaglabrin) , 5-[( 28,
3S) -7-methoxy-3-methyl-5- [(E) -prop-l-enyl] -2, 3-

HMOX1 AR
NOS3 P

@
o

CAT

ESR1
1B PGz  NRIC!
PPARG -

MAPK3 - MAPK14  JAK2
NCOA1 EGFR - -

CDK1

ESR2

NOS2

RB1

MMP1 MMP2

TR RN TR T 1 AR B B R/
B3 ATHEZOHMARTESXBEBEOR PPINE
Fig. 3 PPI network of key target proteins of core drug group

containing Caryophylli Fols in treatment of diarrhea
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Fig. 4 Tissue distribution of potential targets of core drug group

containing Caryophylli Fols in treatment of diarrhea
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Fig. 5 BP analysis of potential targets of core drug group

containing Caryophylli Fols in treatment of diarrhea

dihydrobenzofuran-2-yl] -1, 3-benzodioxole,
LES (inermine) ,
formononetin, medicarpin, 7-Z. i 4 % -2- H 2k S5 25

(7-acetoxy-2-methylisoflavone) , #it iz 2% -3,3"- — 1 [k

dehydroglyasperins C,

(quercetin-3, 3'-dimethyl ether) , 1, 3-dihydroxy-8, 9-
dimethoxy-6-benzofurano[3, 2-c]chromenone A9 X} %

Ay B4y Wk 111.58, 105.70, 103.37, 98.54, 96.66,
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CC analysis of potential targets of core drug group

containing Caryophylli Fols in treatment of diarrhea
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MF analysis of potential targets of core drug group

containing Caryophylli Fols in treatment of diarrhea

fluid shear stress and atherosclerosis{
AGE-RAGE signaling pathway in diabetic complications
prostate cancer-

IL-17 signaling pathway
endocrine resistancef
bladder cancery
estrogen signaling pathway:
Th17 cell differentiation

soted +rus infecti

PI3K-Akt signaling pathway-

TNF signaling pathway {

breast cancer

pancreatic cancer-

HIF-1 signaling pathway

EGFR tyrosine kinase inhibitor resistancey
relaxin signaling pathway-

hepatitis B

salmonella infection{

colorectal cancer-

measles-

5.0x10°
1.0x10°
1.5x10°
2.0x10°
2.5x10°

N M | ~

o
w
—
o
—
w
3
(=}

/A

E8 STERLAMABRTETEARE SN 20ELKEGGES

18 B 53 47
Fig. 8 First 20 KEGG signal

core drug group containing C

diarrhea

95.75, 95.42,

91.23, 91.16,

86.87, 86.54,

84.46, 84.36,

82.09, 81.84,
+ 166 -

93.98, 93.
90.26, 89.
86.51, 86.
83.55, 83.
81.58, 8I.

pathways of potential targets of

aryophylli Fols in treatment of

70, 93.13, 93.06, 92.95,
16, 88.04, 87.67, 87.39,
18, 85.34, 84.86, 84.59,
49, 83.02, 82.78, 82.16,
53, 81.49, 81.23, 80.50,

Fig. 9 Component-target-pathway network of core drug group

containing Caryophylli Fols in treatment of diarrhea
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SRR (- 2 L 2 GG R, B B PE
2008 45 (AR 42 30T L A 3R LD S T R -4 S AR AT
A W A A BRI L JUN S B-4 £
Pt EL A i e 1) 0T 422 53 00, X4 R DL A 10,

£7 STEGOHMARTEENBESSHEMLE

Table 7 Docking between target proteins of core drug group

containing Caryophylli Fols in treatment of diarrhea and positive

drugs
MM () FH A 25 (BC A ) X5 H
TP53 A 5 75 Ak 124.09
R AE R 88.89
MAPKS ] 55 7 bk 115.48
VL4 R 89.76
JUN i 3 75 Ak 123.58
VL4 R 77.53
IL-6 [DEAUEN 104.94
o 7 4 TR 76.37
HSP90AAL o] 55 G bk 90.34
T4 R 73.18
3 itig

15 S 4 B ) A B [ T, o IR A A TS Y
Ao WLy R A 5 O i A2 43 ) H B 2 AR
TR T IR #- ME ) = i, &
HH NG, B R 20K, BkS AV LI A B (R R
W) B IR LR B TR VTR B A H 2 R
BN LR TR i T IS O SRR
ST R W R 2530 7 IR TS 5 K R A A BT
R DT PWER oy Wb B S BB AEAH O Al Sk
R IE L T A AT B0 R R K et R RS L E
THACAS BAF AT B (997 20, HEAL A 5 41156 f e AR -
i 28 3o T R A A
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Fig. 10 Docking models of components and core targets of core

drug group containing Caryophylli Fols in treatment of diarrhea
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