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Study on network pharmacology mechanism of Leonurus japonicus in treating
dysmenorrhea caused by cold coagulation and blood stasis

LI Ming-jie, SUN Rui-rui, LI Hui-feng, LI Guo-yan, ZENG Tong-chun, PEI Miao-rong
School of Chinese Pharmacy, Shanxi University of Chinese Medicine, Jinzhong 030619, China

Abstract: Objective To establish a chemical constitution-disease target-metabolic signaling pathway network of Leonurus japonicus,
and explore the mechanism of multi-component, multi-target and multi-pathway of L. japonicus for the treatment of dysmenorrhea
caused by cold coagulation and blood stasis. Methods TCMSP database and Swiss Target Prediction server were used to obtain the
chemical components and action targets of L. japonicus. Combined with DrugBank, DisGeNET, TTD and other databases, the action
targets of L. japonicus for treating dysmenorrhea symptoms wtih cold coagulation and blood stasis were obtained. Through DAVID’s
website, GO function enrichment analysis and KEGG pathway analysis were conducted on the targets, and cytoscape 3.6.0 was used to
construct the network diagram of the active component-dysmenorrhea target-metabolic signaling pathway of L. japonicus, to explore
the mechanism of action of L. japonicus in treating dysmenorrhea with cold coagulation and blood stasis. Furthermore, Western
blotting experiments were conducted to verify the effect of L. japonicus on the expression of PTGS1 and PTGS2 proteins in the uterine
tissues of the model rats with cold coagulation and blood stasis dysmenorrhea. Results Eight potential active ingredients of L.
Jjaponicus were obtained, including 22 dysmenorrhea related disease targets, main targets PTGS1, PTGS2, ALOXS5, PLAG2A,
AKRICS3, etc. A total of 71 GO items were obtained by GO functional enrichment analysis (P < 0.05), including 46 biological process
(BP) items, four cell component (CC) items, and 21 molecular function (MF) items. There were 22 possible targets for the treatment of
dysmenorrhea, and seven signaling pathways were obtained through KEGG pathway enrichment and screening (P < 0.05), involving
arachidonic acid metabolism, linoleic acid metabolism, steroid hormone biosynthesis, etc. L. japonicus significantly increased the

protein expression levels of PTGS1 and PTGS2 in the uterus of the model rats (P < 0.05), which confirmed some of the predicted results
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of network pharmacology. Conclusion L. japonicus may treat dysmenorrhea with cold coagulation and blood stasis by acting on

arachidonic acid metabolism pathway.

Key words: Leonurus japonicas Houtt.; cold coagulation and blood stasis dysmenorrhea; network pharmacology; PTGS1; PTGS2;

arachidonic acid
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R Z54E PD 69T A VF 2 AT 2B RN ITE, 1R
YR ZRRE R A8 Bz YT 0T T A A& R A 354
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— 1 [ 2 BERLYR T FE B ML B 482 K B A 1 1
FAHL .

IR 28 24 B A — [ i 28 D715 i 25 S5 0
AL RS2 (8] “Z oy ZHA. 2877 hRE
R RAB 2 307, 2 —TTNRG)Z 8
AN AU R X 284 FH B % R iR —
M ZAERBANZEHBRNERRS,
W2 R H B TTIRTT IR R AR AR A 2 B
LR L R G AN EE 25 (R AH EAE 4R
S RAFEARR SIS, fFE R R
AT BN, R X 2 25 B S R iR G 4 S
ARG 2 2 R A B R A5 3 T .

AT FUAE Z2 G0 2T ) 16 PN A 5 SCHR ) Al 1
Mg T A BERL RSO BE P, SR X 28 2 B2 1 U 1
T 5 77 14 2 BRIV R VE M LA AR TT R & (AR
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Wistar KB, HEVE, fA5TRE 140~150 g, WA
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fEitt, ADME) X HEATIE M oy ik, 1% 2 A
RNEORRAEMFIFE (OB) =30%, K#1t (DL) =
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Ik 28 BEEVE RSy, 7E Pubchem Chttps://pubchem.
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ncbi.nlm.nih.gov/) i FE o DL BT US4 ¥ 14 1% 7 1Y
Pubchem Cid A ZR AT, K2 IR AR MG PR
43 1) Canonical SMILES 5447
2.1.3 3 P A BE A T
Prediction Chttp://www.swisstargetprediction.ch/) M
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Predict targets, RJJTJJET O RIACAAR 19 45 A1 — 4EAH
ABRTE: 55 B A R PO e R BGE AR 2T A, IR
B PE R A S AR S B

214 JHEPIREE AR fE TTD Chttps://
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Hr KM cytoscape 3.6.0 M 28 BF BRI R A
() “TE TR o7 -HE R BRI AR, 2 A R
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(edge) FHIE, 18I %R W 25 5L R 70 28 BRIV TT IR
KZZSr e ZEBIER VLS

2.2 Western blotting SE3GI0IF
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Table 1 Information on active ingredients of L. japonicus
MOL_ID WwEY OB/% DL PubChem_Cid
MOL000098 itz 2 (quercetin) 46.43 0.27 5280343
MOL000354 SBZE& (isorhamnetin) 49.60 0.31 5281654
MOL000422 Wi Z® (kaempferol) 41.88 0.24 5280863
MOLO001418 HlRAE W5 (galeopsin) 61.01 0.37 92966417
MOL001420 zinc04073977 37.99 0.75 9801811
MOL001421 A2 BF . 2, & (preleoheterin) 85.97 0.33 15726752
MOL001422 iso-preleoheterin 66.28 0.33 —
MOL001439 A VYRR (arachidonic acid) 45.57 0.20 444899
*2 HEERTREHEXESER
Table 2 Information on target of L. japonicus for dysmenorrhea
'S A Eed=| Uniprot Eagis)
1 AR i3 R UN P10275 target
2 ESRI MR ER =4k P03372 target
3 PPARA A A S B O A o Q07869 target
4 CA2 T BRI -2 P00918 target
5 PTGS2 RIZIIRER G/H A 2 P35354 target
6 CHRM5 BRI TR IRZ 44 MS 244 P08912 target
7 ALOXS5 TEAEVRER 5 NRE & P09917 target
8 PTGS1 RIZIIRER G/H A 1 P23219 target
9 PGR B FE T P06401 target
10 ABCG2 SRR TS A RIS EA G BEIENRA 2 QY9UNQO transporter
11 CYP2C9 4 R P450 2 C9 P11712 enzyme
12 ABCCI ZUTM AR EL 1 P33527 target
13 CYP1A2 4 R P4501A2 P05177 enzyme
14 CA3 TR R T -3 P07451 target
15 AVPR2 MEMER V2 214k P30518 target
16 AVPRIA MEMER VIA %4k P37288 target
17 PLA2G2A R A2 P14555 enzyme
18 CXCRI1 CXC LA 7 1 B4k P25024 target
19 AKRIC3 T W0 JE B S0 1 R C3 P42330 target
20 TTR AR zEEEN P02766 carrier
21 FABP2 BRI R4 & A P12104 target
22 PPARG T SR A B A TR TR S A y P37231 target

AT, PIN (F 1) & 22 AN, 44 %30,
Ho W mRonEN, FFANFRR PPIER, H
YN EAE (degree) N 3.82.
34 GO M KEGG E&ENH

Xf 2 BERUIRIT R A0 22 AN 7E B0 SUm
DAVID % FEdEAT GO ‘B4, A3 GO %H 71

A (P<0.05), HAAEYE R (BP) %H 46 1,

U4k (CC) 4H 414, 4 FIhie (MF) 4H
21, AW 8 AR o A4 T e 23 il 61%-
11%A1 28%, DLE 2. 22 AN#E 55 5 EAE i T2 il
L, 3 KET AR R A & O R IE A .
RN, MEET . RNA BElE 11 B3 T
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R, ORI R EIREECR ZARTENE . MRS A 2K
cHRls MEdh &, MY R A &R EE 2. MERZ
IETEE DR -
KEGG i & R3] 7 (558K (P<
0.05), W RACAVIHIRACYE . WilBR A M=
A, BP SIS [ AR Rl aok AR A A T A 8 B
ZAR (PPAR) {55, fL2E8UEIER . &R 7
iE5E, WK 3.
35 “TEMR-IA-EE MESRBERES S
KH Cytoscape 3.6.0 HAFHL “ 7 BFRTE P
Ir-P i A AR R AL, WA 3 F)T/T’
A 36 A1 A <7 AN A3 A 22 ANBE T R
7 J 7 ANEEET 5D . KA Network Aanlyzer Tﬂ‘iﬁ:ﬁﬂ
e %B"Jﬂiﬂ‘iﬁﬁﬁﬁﬁﬁ, SPIFHAR T BB (average
B 1 SRS AN PIN number of neighbors) 4 4.278, 2% 57 Jii V£ (network
Fig. 1 PIN of L. japonicus target and disease target heterogeneity ) 4 0.579, W44 & (network density)
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Fig. 2 GO enrichment analysis of L. japonicus target
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Table 3 Information of related pathways
ETAS) bliY LY i PMA
1 4 VUJEER AR C(arachidonic acid metabolism) 6 6.49X1077
2 PR (linoleic acid metabolism) 3 3.11X1073
3 MiE &5 (serotonergic synapse) 4 3.81X1073
4 UYL [E BEAE ) (ovarian steroidogenesis ) 3 8.70X 1073
5 PPAR {551l (PPAR signaling pathway) 3 0.0158
6 12 BEER (chemical carcinogenesis) 3 0.022 1
7 2 AW (nitrogen metabolism) 2 0.048 3

O 2B BIEE RS
O T

A G ginE

Bile gB@retion

itroge! tabolism

—#Arachidgic acid

ism

synapse

&3

N 0.122, M E (network centralization) N
0.203, JEMHERS HEAS . B 3 BRI L
KFR, TEMERC B A R 1) RS TE AN R A
WP RIEE A, MEE, FEahEmn <2
BRAT-Z R -2 BT R, ML B, Mt
R, #REZR. BB Bl B
ZINC04073977. Hiai BFHE 3 AR AEDUIR IR A4
(betweenness) HUOMEME AN 94 94 114 3. 6. 8.
7 MERSRIMEE, EAEHEARET 5 ALK
ALOX5. AKRIC3. CA2. ABCBI. CA3. M5
TP 1) A B, AR AR VIR RRARUHE 5 d g i 35 e dwe )N
PEoR 2 BE R AT BEIE A6 A DM R QU 236 )T 8kt
MPABFLME « R4 DGR @S I & 6
FhiE A, 2058 PTGS1.PTGS2. ALOX5.PLAG2A
AKRI1C3. CYP2C9.
3.6 HEEXERMMEESER KRR KR
SppA1

FEUE M7 B IR A5 R BRFH A B S T AR A 285
RN 4, SXBALLER, 7E sc RHRME . ip
ERIE, BAAKRHARE RIS ES R, Hk
PR ERIN (P<<0.01). SEMAILE, A

T B 57 -3 -1 R P 4%

Fig. 3 Active ingredient-target-pathway network of L. japonicus

® 4 HEENERMAEBREKRARR KT
(X £s,n=10)

Table 4 Effect of L. japonicus on writhing response of rats
with dysmenorrhea caused by cold coagulation and blood
stasis (X x5, n=10)

21 5 A RIS AR AL
(gkg™)
xif — 0 0
et —  29450+£43.01%  40.11k16.12#
A BEE 500  374.50+85.38 19.75+13.69°

XA #P<0.01; SEMAILLE: "P<0.05
#P <0.01 vs control group; "P < 0.05 vs model group

AT DA 38 2 KK BRI AR T AR 30T, sk S R
(P<<0.05), 3 HH 2 BRHOGHHE B ML 248 K BRBE R 41
P N A F R, SO RE R B R E
37 HEEITEYENGERNKIHERE PTGSI.
PTGS2 EHFIEHFNT

WK 4 fros, So@ateis, ARG KR T 5
' PTGS1. PTGS2 #HHERXKTFEERFK (P<
0.05. 0.01). HHAALE, LWEET )G
PTGS1. PTGS2 & FHRIEK T EETE (P<0.05),
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Fig. 4 Effects of L. japonicus granule on PTGS1 and PTGS2 protein expression in rat uterus (X £s, n =3)
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RN FC . T R 28 24 3 2 i T T 245 ) 2 TR) 1R 4 280
BUTE,  2 EEAR N A5y 1 SRR AR EAEFH R &R
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BN AE S %, e AT 2454 1) Tl s el
AR TE DO BEFHLAER 2 B RS 7 2t FE R
TR0, [ 2 25 R 2 Ry th 25 [ 52 7 VR FRBILA R AT 5
PRAL TR K, SEIL TR 2 S T A AL R A
o RGAIITE, WA T 2 2T SO 24
IT K BL5E T B

AWFFCIEE TCMSP #d e, A M o B
B2y, @i “ ADME JRU) 7 0736 H VB 7E s
P4y, K H] Swiss Target Predaction iR 55 &% 4 7
TR R A SUEAT TN, I 5 9 A S B A
BEAT LEXT 40 #r , 3R45 25 BERVR TR A 1Y 22 NI TERE
M IR E RO -BE RS T IR B K
KEGG % & 55007, i€ 7 aFE 16 DU ER A
T ERARH . Mg 2R ik O L[ R AR ). PPAR
fF 9. tEBURER. ZARM 7 %G5 MK,
o, AR TRRAEHE T E s i) & M m, 32
71N o BB AT BRI LG 5B I R PR VR T FE B L
SWER . e NGRS S e KA A
PTGS1. PTGS2. ALOXS5. PLAG2A. AKRIC3.
CYP2C9,

PTGS XM EALEE (COX), REMAN AT
RE (PG) & RGERIG D IR I CHERY, 2R YiE AR
KT OFERIPIARE . Ak R FRT 5 R 5%
FIEWIFT RIS, PTGS W LLRIE 2 FER, —R&
FALERIE, A AETAIR (AA) A= ERTS1
i G2 (PGG2); —RIEMNWEIER, ¥ PGG2
W JECNRTFIIRE H2 (PGH2). PGH2 7E &Rl Sk
A R AE TP ERT AR 2 D2 (PGD2). Hi IR
# E2 (PGE2). HiFlIiEE F2o (PGF2a) 52464
VUMY IRIT . PTGS HIARH =) PGF2a. PGE2
Huret sz, HIARBH e R Bus20, pp 5175
M PG 3 246 5%, PG 4 £ 52 PD 1) EZE AL .
PGF2a A+ 5 i LA iR e s ik 45, PGE2
MR T2~ LA R3S 2 A i o il 7 25 e
PGF20/PGE2 S 5l 1 & 1 1 L 25 1t e 4 72
PD RAI 3 BB AE BEALHICY . Rk, TE4E DU
FR 15 ‘518K A PD JAYT BIRERE Slss . AW ITIE
To 1) % FEHE MBI 22 K FRASE A, e FH 28 B FERI0RE
BT, B YGRS S, T EAK
i SCAE I 2 PTGS1. PTGS2 HIE AR IAFHATIE
W EE R, o B n] A S8 Bt i i AR e Y K
BB PTGS1. PTGS2 & HRIE/KFTHE .

AHIF TN FH 28 25 3R 50598, S B BERLI 2 1
Ir-ZBE 5 PD [R5 R 2% 50 RATHT T, FEH)
ISR T 2 BERLA T FERE MR B 48 ) S A 24 1 2
YRR RIAR ML, SR 1T 2 BE B G T FEEE LR 42 1)
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