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Study on Network Pharmacology of the Main Active Ingredients of Jiao-ai Tang for the Treatment of
Uterine Diseases

LIU Chunjie, YANG Lihua, YU Sicong(Changchun University of Science and Technology, Institute of Animal Science and
Technology, Key Laboratory of Animal Nutrition and Genetics & Breeding in Jilin, Changchun 130600, China)

ABSTRACT: OBJECTIVE To explore the pharmacological mechanism of Jiao-ai Tang by means of network pharmacology.
METHODS The active components and gene targets of 7 traditional Chinese medicines were retrieved on the basis of TCMSP.
Cytoscape was used to construct compound-target network, compound-target-disease target and target-pathway network, and
protein-protein interaction network was constructed according to online STRING database to study the pharmacological
mechanism of Jiao-ai Tang. RESULTS Sixty-four compounds were obtained through screening, and 32 corresponding key
targets were obtained. Protein-protein interaction network contained 20 targets, key targets including Ptgs2, F2, Tnf, 116, F3, etc.
There were 61 items of gene ontology, including 34 items related to biological process, 20 items related to cell composition and 7
items related to molecular function. KEGG channel enrichment analysis of 4 pathways. CONCLUSION This study
preliminarily verified the basic pharmacological effect and mechanism of Jiao-ai Tang, and laid a foundation for further
exploring its pharmacological effect.

KEYWORDS: Jiao-ai Tang; network pharmacology; uterine diseases; target; mice
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95 B AE FHATLEE o
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1.1 REHMAE YR

AW FE R AR 25 25 B 2% 4y B P 65 (TCMSP,
http://Isp.nwu.edu.cn/temsp.php) ® Hl 71 24 43 7 K1 1
(1A W5 B 2% 2 i T B (BATMAN-TCM, http:/
bionet.ncpsb.org/batman-tem/) i 2 i X7, 477 H
ML )NE . Gy L B BRFIHE 7
MR ZGAH K. £ TCMSP A& 3. JIIE . BAT.
YA 5, ] BATMAN-TCM #4624 i FH B Jig
HRITH LG EE RS, A5 824 MEEW,
Herg 125 4, 1= 189 A4, AR 774, Wit
135 4>, HHE 2804, AEHL 154, FIR 3 4.
1.2 BEKE

1A= 0] B (oral bioavailability, OB)/& 24
HEMRA T REENSH L —, L& URREE
MG RG240 5 O RAE LG A
PE 731 R A PE (1) 3 — ik 4l e v MR OB 1,
e 2y s A S I TR L 2SR OB A2y
PERFEAT I

REFFAFH TCMSP, K40H, NE. A4,
S RTH AL A OB 1 & BE 35118 =30%,
5 MR 2 R 2 PEBIE N =0.18 . B T-7E TCMSP
HHEA R A A, AR BATMAN-TCM(]
fHiE N 80, 0.05) R HMAY: Bl 34, Ath
9 MR . 1 824 MUEM TR, EHFS
FAFH) 64 MENIREML S Hp 94, I
FH 74 AR 134, HE 23 A, HIERRAE
=0.18 BEH 11 Ao R4 2 1) B R A A b R 4k 5 40)
fgg N TCMSP £ H HAL &9
1.3 HEALEY)-HE N

K TCMSP %# P 3R 45 th 25 R 3% 244
ME BAT b, HE. ARG THED
X R HE AR R A AR, BRI 3 Mtk & H
BATMAN-TCM #& % H 5K . N Uniprot (4 2
(https://www.uniprot.org/) 44 I 5 5 [ 4= K 7% 16 R
gene ID 5, L Cytoscape 3.6.1 1 (https:/
cytoscape.org/)F & iR 37 AL &) - 48 2%, DA
BHT IR 37 1 25 B 2 A F LRI,
1.4 OCHERE S HI3RAS

R 48 ¥6 97 #E 5 04 & (TTD,  http://bidd.nus.
R ORI WA
R E BRI 2452 2019 4E 9 H 2B 36 B4 17 3

edu.sg/group/cjttd/) ,

(dysmenorrhea) v ¥ i (pain)~ T & W B 7 47 4E
#E I P& 5 (blood coagulation
disorders). H Ifi(bleeding). 71 Ifil(anemia)%5 3K 15 4H
FHE SR, SR K Microsoft Excel 2010 344,
SR AT 1 95 T L A5 B 3007 R 4K A TN ) A R
BEDRAH SR, 3RAF 32 SIS A

1.5 SCHERE 5 PPT W4 1A & 5 40 A

R T U S E B RGK EER,
M AR 32 ANGE PR - S (R EE AU N
STRING 10.5 #4f FE (https://string-db.org/) , 3k 1F3E
DA - 5 D AH BAE ) #cdls . #4520 80 Bl = A
Cytoscape 3.6.1 Bft, #J%8 PPI 4%, & T LA 5T
WATERIA, ARk A ARSI/
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Tab.1 Basic information of active ingredients screened in Jiaoai Tang

Pk A 2 BT i, AR 2 R A 5 ) Bl
FAHED, DR BEBOR (7 24T 3
R 1.

CRREY

AR

T RS Kotk RIE | WS T T SU M SRR
N ’ FIFRE% N ’ FUFIE%

M5735 dammaradienyl acetate 44.83 0.83 Lt [M8278 4-chloro-N-[1-methyl-5-[[1-methyl-5-[[1- 7.18 0.31 3
methyl-5-(2-morpholinoethylcarbamoyl)
pyrrol-3-yl]carbamoyl]pyrrol-3-yl]carbamoyl]
pyrrol-3-yl]-5-[2-(2-pyridyl)ethylamino]
isothiazole-3-carboxamide

M5741 cycloartenol acetate 41.11 0.80 i [M8248 phosphatidylinositol 4.63 0.29 X9

M5720 24-methylenecyloartanone 41.11 0.79 L [M5438 campesterol 37.58 0.72 4

MO0449 Stigmasterol 43.83 0.76 T [M3333 acteoside 2.95 0.63 A

MO0358 beta-sitosterol 36.91 0.75 g [M3703 glutinoside 21.33 0.52 A

MO0098 quercetin 46.43 0.28 Lt [M2819 catalpol 5.07 0.44 At

M1040 (2R)-5,7-dihydroxy-2-(4-hydroxyphenyl)  42.36 0.21 Lt [M3725 rehmaglutin C 12.89 034 A

chroman-4-one

M1494 mandenol 42.00 0.19 g [M3721 rehmaglutin B 64.62 0.11 A

M2883 ethyl oleate(NF) 32.40 0.19 L [M3731 rehmaglutin A 29.70 0.10 b

MO0359 sitosterol 49.12 0.80 JI|# [M3732 rehmaglutin D 57.03 0.10 A=

M2157 wallichilide 53.87 0.79 JI|% [M0388 gamma-aminobutyric acid 24.09 0.01 A=

M0433 FA 55.34 0.78 Jil&  [M0054 arginine 47.64 0.03 [ iR

M2135 myricanone 3691 0.75 JI|%  [MO0071 histidine 53.18 0.03 [ iR

M2140 perlolyrine 36.91 0.75 I [M0055 lysine 29.33 0.02  Fif i

M2151 senkyunone 31.27 0.75 I [M4903 liquiritin 65.69 0.74 HE

M1494 mandenol 43.56 0.53 JI|#=  [M4891 shinpterocarpin 80.30 0.73 HH

M1921 lactiflorin 4912 0.80 (4727 [M2311 glycyrol 90.78  0.67 Hii

M1924 paeoniflorin 53.87 0.79 HA5  [M4904 licopyranocoumarin 80.36 0.65 HEL

MO0211 mairin 55.38 0.78 HA5 [M4959 1-methoxyphaseollidin 69.98 0.64 HEL

MO0358 p-sitosterol 36.91 0.75 HA5 [M4824 (2S)-6+2A-dihydroxyphenyl)-2-(2-hydroxypropan- ~ 60.25 0.63 Hxi
2-yl)-4-methoxy-2,3-dihydrofuro[3,2-g]
chromen-7-one

MO0359 sitosterol 36.91 0.75 HA] [M5007 glyasperins M 72.67 0.59 H&r

M1930 benzoyl paeoniflorin 31.27 0.75 {25 [M5017 phaseol 78.77 0.58 H&i

MI1919 (3S,5R,8R9R,108,14S)-3,17-dihydroxy 43.56  0.53 4% [M1484 inermine 75.18  0.54 i

-4,4,8,10,14-pentamethyl-2,3,5,6,
7,9-hexahydro-1H-cyclopenta [a]
phenanthrene-15,16-dione
M1925 paeoniflorin_qt 68.18 0.40 HA5  [M4810 glyasperin F 75.84 0.54 HE
MI1910 1la,l12a-epoxy-3p-23-dihydroxy-30  64.77 0.38 HAj (M4914 1,3-dihydroxy-8,9-dimethoxy-6-benzofurano  62.90 0.53 HHE
-norolean-20-en-28,123-olide [3,2-c]chromenone

M1918 paconiflorgenone 87.59 0.37 H“A5  [[M4855 licoricone 63.58 047 HxE

M1928 albiflorin_qt 66.64 0.33 HAj |M4808 glyasperin B 65.22 044 Hi

MO0492 (+)-catechin 54.83 0.24 HA5  [M4863 3-(3,4-dihydroxyphenyl)-5,7-dihydroxy-8-  66.37 041 HE
(3-methylbut-2-enyl)chromone

MO0422 kaempferol 41.88 0.24 HA5  [M5000 gancaonin G 60.44 0.39 HE

M2102 levistolid A 2.15 0.82 H1q  [|M4907 glyzaglabrin 61.07 035 Hx

MO0449 stigmasterol 43.83 0.76 L |M4829 glepidotin B 64.46 0.34 HEL

MO0358 B-sitosterol 36.91 0.75 L [|M4990 7,2' 4'-trihydroxy-5-methoxy-3-arylcoumarin 83.71 027 HH

M4613 6,7,3',8'-diligustilide 9.83 0.70 2419 [|[M0392 formononetin 69.67 021 Hx

MO0357 Sitogluside 2063 0.62 45 [M0500 vestitol 74.66 021 Hix

M8253 sphingomyelin 0.31 0.51 H1H  |M4841 licochalcone B 76.76 0.19 H=HE

M8247 L-B,y-dimyristoyl-a-cephalin 20.69 0.47 B9 |M4835 glypallichalcone 61.60 0.19 H#

M8290 lecithin 0.31 0.40 B |M4941 (2R)-7-hydroxy-2-(4-hydroxyphenyl) 71.12 0.18 HEL

chroman-4-one

M8288 Coniferyl ferulate 4.54 0.39 V5|
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Fig. 1 Compound target network of Jiaoai Tang

A diamond node represented a compound; a circular node represents a
target.
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YHBRAZA My S5 2N EMEEERR SR,
ey 2T A HEERNEE . & MEWRTT
MKE, A B3%UEWHEREA=304, JoH
A3 MEEWEE R =50 4.

Degree HE A I 4 A7 [ 52 30 (10 #i 2 2
(quercetin, M0098)~ A5 71 1] 111 75} (kaempferol,,
MO0422). HATH B-4¢ & B (B-sitosterol, M0358)
124 U9 ) 58S B (stigmasterol, M0449), 73 7l g
5 85, 53, 50 Al 44 AHEPEE p ™ AR ELAR IR
Z, WHMEME SR Z . IS 3 1 A B
%, Degree HEHHT 4 47102 MEWER 21K (estrogen
receptor, Gperl). Fii 7l [l & g/H & B 2(prostaglandin
G/H synthase 2, Ptgs2). —JKFEAKEFIV (dipeptidyl
peptidase IV , Dpp4) il & ¥ & 32 1k (androgen
receptor, Ar), 7rAlEES 17, 16, 16 il 16 ML &
WIRKAMEAER, HAERH &N EMIER .

2.3 LG - A I R AT O B

TE TTD % (http://bidd.nus.edu.sg/group/cittd/)
8 2RI 1A YK I (pain) T 22 (dysmenorrhea).
R E AR R T 2% 2019 42 9 H 55 36 4555 17 ]
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Tab. 2 Key nodes and topological properties of compound
target network

75 Eqi S &S| N8
MO0098 quercetin compound 0.484 802 11 85
M0422 kaempferol compound 0.141 00007 53
MO0358 B-sitosterol compound 0.133 15602 50
M0449 Stigmasterol compound 0.143 500 65 44
M0392 formononetin compound 0.059 629 65 36
MO0357 sitogluside compound 0.035524 67 33
MO0500 vestitol compound 0.03327655 32
M1484 inermine compound 0.03344555 31
compound 0.026 947 66 25
compound 0.018 236 7 23
compound 0.01094189 21

Degree

M2135 myricanone

MO0492  (+)-catechin

M1040 (2R)-5,7-dihydroxy-2-(4-
hydroxyphenyl)chroman-
4-one

Gperl estrogen receptor target  0.03155449 17

Ptgs2 prostaglandin g/h synthase 2 target  0.02241373 16

Dpp4  dipeptidyl peptidase IV target  0.03127206 16
Ar androgen receptor target  0.030 025 69 16
F2 thrombin target  0.02388317 14

Nos2  nitric oxide synthase, target  0.01674062 13

inducible

0.01438014 13
0.01242277 13

Ptgsl prostaglandin G/H synthase 1  target

Gsk3b mitogen-activated protein target
kinase 14

Cdkl cell division protein kinase 2 target  0.016 8227 13

F B N IE S ALE (endometriosis). ! IflL(bleeding)«
72 Il (anemia) 55 3K A5 HIAH OCHE fi 2L R, 53711
A A TI0I P B R R AR B, 3RAR 32 MR
AP EE R - B R R, A5 LR 3.
2.4  ALEYDEE RS- EE R PPL Y 2% 1 23 AT

NT TG TR HIE FNLEE, AR4E PPI,
AR STRING Hdfs FEF & 1 IR &4
B RS- B U PP M 25 (] 2). PP 25405 20
AR A, 37 SRAHEAE FHOC R B4 . PPL Y SR
NEE, TRREE ST S ERIEEIC R

Chrm3

Piger3

degree
Plau \
Pgr
2 foe AR -k A E PPI R %
Fig.2 Compound gene-disease gene PPI network
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Tab.3 Gene targets map of compound targets and disease targets

HE AR 4 PRI

nitric oxide synthase, inducible Nos2  pain

thrombin F2  blood coagulation
disorders

prostaglandin G/H synthase 2 Ptgs2 pain; endometriosis
dysmenorrhea

prostaglandin G/H synthase 1 Ptgsl pain

acetylcholinesterase Ache  pain

insulin receptor Igflr pain

estrogen receptor Gperl dysmenorrhea; pain

androgen receptor Ar  pain

arachidonate 5-lipoxygenase Alox5 thrombosis

tumor necrosis factor Tnf  neuropathic pain

urokinase-type plasminogen activator Plau  thromboembolism

interleukin-6 116 anemia

cell division control protein 2 homolog Cdkl  pain

tissue factor F3  bleeding

prostaglandin E2 receptor EP3 subtype  Prger3 pain

potassium voltage-gated channel Kcenh2  pain

subfamily H member 2

peroxisome proliferator activated Pparg endometriosis

receptor gamma

coagulation factor Xa F10 bleeding
thromboembolism

coagulation factor VI F7  bleeding

progesterone receptor Pgr  endometriosis;
endometrial cancer;
menstrual disorders

muscarinic acetylcholine receptor M3 Chrm3 spasms; pain

Muscarinic acetylcholine receptor M1 Chrm1 neuropathic pain

Dopamine D1 receptor Drdl  pain

Gamma-aminobutyric-acid receptor Gabra2 neuropathic pain

alpha-2 subunit

Alpha-1A adrenergic receptor Adrala pain

Sodium-dependent serotonin transporter ~ Slc6a4 pain

Mu-type opioid receptor Oprml pain

Cholinesterase Bche pain

Sodium-dependent noradrenaline Slc6a2  pain

transporter

Alpha-2A adrenergic receptor Adra2a pain

Amine oxidase [flavin-containing] A Maoa neuropathic pain

Vascular endothelial growth factor Kdr  angiogenesis

receptor 2

disorder

PRI R PP W25 (1) 20 AN SCBIE R 4% Degree

HKRENHED, R 4.
R4 REEET AN X
Tab. 4 List of key gene nodes
S5 Degree | $EAT  Degree | #E45 Degree | ¥ 5 Degree
Ptgs2 9 Nos2 3 F10 3 Pparg 2
F2 8 Adrala 3 F7 3 Ptger3 2
Tnf 8 Chrm3 3 Ar 2 Alox5 2
16 7 Ptgsl 3 Plau 2 Igf1r 1
F3 7 Chrml 3 Kdr 2 Pgr 1
-2140 - Chin J Mod Appl Pharm, 2019 September, Vol.36 No.17
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Fig. 3 Bar chart of key gene node-degree
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F3, EEP Ptgs2(Degree=9)[¥] Degree 1= T HAthJ&

R UGB LR 7E PPL 45 2 3 SR E

7@1%’? RN ALAEH -

2.5 ERAKEES KEGG M E £

AW 5K H DAVID “F 65 (¥ 4= [H] A% 44 Al
PATHWAY & #£43HT Thie, Xﬂ“ﬁf&%%é‘%-%@%ﬁ
FE R 2% Th P S ) 32 AN EER R D REEAT I AL . AE
HERAME LM, WA R K2 (Benjamini
<0.05)#fiE 7 61 NMERFAMEKH, HEyid ik
R H 344, WAL ML W4 1 IE
MRS, MAPK BCHIIE M. RAE R &
s B (5 5@ m T A0 G 5 1k )
RN = &R SN o= g I &Rt DTSR B o
[ A RBA R H 20 A, AR, e
JCHEES . WUREERA 73 B, M. 4HARR I .
MIREETTH: 7 FOIRRAH RIS E 7 A, WY
MG EASEG . LR RRIIKEE A IR
GG B REEETm. £ 5 RE
Benjamini<0.05 %1 i i 30 4>,

£ KEGG Jf i & &t 153 23 %1558
%, R4 Benjamini<0.05 fiiik i 4 2, 253
WK 6. HFE 6 AI W, 4 ZKIEE 20 VERCAA-32
AERT . AMAFIBEML G 515 5 M 5- 0
[ R ful {5 5 il %, RH] Cytoscape F4) % i % -#E r3
Mg TT A, G E G PR T 1X (5 508
AT LAY T E L BEMERS. E N R AL
SEFIR A G R . DL BRI, st
e A -2 A AR ELAE HT R AT 9 NIRRT Oprmi.
Ptger3. F2.Chrm3.Drdl . Chrml Gabra2. AdraZa-
Adrala; MR [ NOEER A 5 AN,
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N Plau, F10, F7, F2, F3; f{55&7ZHEEA 6
ANFER, N Nos2, Adrala, Chrml, Drdl, Chrm3,
Ptger3; S-Ftalg kMg 5 MR, N Prgsl,
Slc6a4, Maoa, Ptgs2, Alox5. T5 EHIHE ST M
[*) Degree 2IELLHIK &R, 4R WE 4.

x5 REXAEW-RFEAFNE FHEEKEKLH
(Benjamini<0.05)

Tab. 5 List of gene ontology enrichment results in
compound -disease target network(Benjamini<0.05)

DR AR PR

5 i 5 e
Pl )
- ’ 4/~ Benjamini
AWl fE 0042493 response to drug 10 2.95x10°°
MR, 0030425  dendrite 10 4.56x10°°
HMuZH R, 0043005  neuron projection 9  1.11x107
AL 0005887  integral component of 12 2.16x107°
plasma membrane

AWt FE - 0045907  positive regulation of 5 2.05x107
vasoconstriction

AWk fE 0043410  positive regulation of 6 2.35x107*
MAPK cascade

AWt e 0006954  inflammatory response 8  246x107

AWk fE 0051897  positive regulation of 6 2.49x107*
protein kinase B signaling

4K 0043679  axon terminus 5 2.62x107"

s 0016020  membrane 24 2.87x107*

AWk e 0008284  positive regulation of cell 9 3.62x107*
proliferation

YUfLL)K, 0030424  axon 7 3.76x107

AEPEEFE 0019229 regulation of vasoconstriction 4 5.96x107*

iRy, 0009986  cell surface 8  6.82x107*

LWt fE 0045987  positive regulation of 4 921x107*
smooth muscle contraction

YL 0005886  plasma membrane 19 0.00107075

YL 0005635  nuclear envelope 5 0.001267206

AWk fE 0030335 positive regulation of cell 6 0.002065237
migration

AWk FE 0008285  negative regulation of cell 7 0.002820155
proliferation

AWt FE 0042127 regulation of cell proliferation 6 0.00288441

AWt FE 0045909  positive regulation of 4 0.003018553
vasodilation

AWt FE 0010628  positive regulation of gene 7 0.003222004
expression

AWk fE 0031622 positive regulation of fever 3 0.003465732
generation

AWt FE 0007599  hemostasis 4 0.00358668

YL 0045211  postsynaptic membrane 5 0.003804321

LR 0005615  extracellular space 10 0.004018003

LYt fE 0043401  steroid hormone mediated 4 0.00514317
signaling pathway

Mz 0045121  membrane raft 5 0.006493895

T Ihfe 0008144  drug binding 5 0.007591568

AWt FE 0014068  positive regulation of 4 0.008486124
phosphatidylinositol

3-kinase signaling

PR E IR 2524 2019 4E 9 H 4 36 545 17 )

=6 BRYAEW-TmE A W % H i % (Benjamini<
0.05)

Tab. 6 List of pathway enrichment results in compound
-disease target network(Benjamini<0.05)

B HRR R LR

0/~ Benjamini

EERE) B

4.63x107*
0.007854065

mmu04080 Neuroactive ligand-receptor interaction 9

mmu04610 Complement and coagulation cascades 5

mmu04020 Calcium signaling pathway 6 0.014121014
mmu04726 Serotonergic synapse 5 0.031974229
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