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Abstract

Objective: To explore the potential targets and signal pathway of ursolic acid in treating pulmonary
hypertension with network pharmacology and molecular docking technology. Methods: Pubchem
was used to retrieve the potential targets of ursolic acid. The related targets of PH were collected
by GeneCards. The intersection targets of ursolic acid and pulmonary hypertension were deter-
mined by the Wayne diagram. The protein interaction network of intersection targets was con-
structed by using the String database, and the network was visualized by Cytoscape3.10.1 software
to screen key targets. The enrichment analysis of GO function and KEGG pathway was analyzed by
the DAVID database and online tools. The molecular docking of ursolic acid and the core targets was
performed by AutoDock and Pymol software, and the results were visualized. Results: Seventy-five
ursolic acid action targets were obtained, and key proteins such as peroxisome proliferator-acti-
vated receptor gamma (PPARG), prostaglandin-endoperoxide synthase-2 (PTGS2), estrogen recep-
tor 1 (ESR1), mitogen-activated protein kinase 3 (MAPK3) and nuclear receptor subfamily 3 group
C member 1 (NR3C1) were obtained by PPI map. Enrichment analysis showed that the pathways of
ursolic acid treatment for pulmonary hypertension mainly focused on arachidonic acid metabolism
pathways, pathways in cancer, serotonergic synaptic signaling pathway, PPAR signalling pathway
and so on. The molecular docking validation also showed that ursolic acid had better binding activ-
ity with the core targets. Conclusion: ursolic acid plays a role in the treatment of pulmonary hyper-
tension through multiple targets and multiple pathways, but the specific mechanism needs further
verification by animal experiments and clinical trials.
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1. 5|

It 2 Bk =1 & (pulmonary hypertension, PH) & —Ffdk AT P18 PR il U s, FOTE S g% JO0E . FERI R
AL MR YR RS 2 R A G, PH RS SECG L, KEWUEEZE. 1 HET PH MG IRIAIT
AR, Bk, FR—MEZBEE. 248 IRRARNIRT NERRER ., RRUEWRIER- > Bkl
Z HIEHRE R W LAE PH (19697 R4 B 24E F[1)-[3].

RE SR (ursolic acid) & —Fp ) V2 AFAE TR AKRA PR 25 b (1) AR TR =itk &9, BAT 21
ZIFAER, Wpig. BUEE, BUMOE, PUBEIRRE, CRYCOHE. B, VRITE SIS . S SR EE[4]-[6], A
ntl, S KEF TR A RE SRR IERFIR R G BAAVRIT R, il Fligs . BEmG. Bl wfi.
PH %5[7]-[12]. 40 Gao S5[ 71430 AE SR ] J ik 1 5 i S8 A P ik 34 B VIS 52 44 o (peroxisome proliferator-
activated receptor a, PPARa) AR D BR AR TR PH SRR O = DI RefafG S, (HRERIRIGIT
PH AHDGSCEE R, 1 H R G i — 2 BUE SIEEE, 1M 20 7 48 A (R AE R FVE T, X RO vE Rl REA
AR CME R R ZIRIRR VIR . D9 T I B RE SR BRALE PH IRIT IR, JRATEEAT T WL 25004

oA 245 2 T 2 S — 3 o g T A D 2 2 K ELAE M SRV 25 0 40 O LRI IO B BRI S 70k, T TR
FRIET Z P RIR G IR N F VL. 7 T B RRBER N R o F IR AR, LB AG 7 2
BIAE R AL, TR0t & b BAT [R5 38 200 SR AR EL[13] [14]. RERFEMIG HERRSY 2 Thaks, RAET 2
2GRN, (HRIAERNEI TR DRI, 8 WS R o Pt B R o] DL Ik &4 - S
— (S5 E R AL AT [15], AT S R SR A PR M B 73 B AR DG A VR FI AL B2 L B 24K 405 . Chen
S [16] 38 o0 2% 24 B AR (1 L P REIRTT PH IR ML, 45 RR I L 227 I v e 5 22 2505 A0 R Ve
3 (mitogen-activated protein kinase 3, MAPK3). & [¥MF B WA 1. A3 ZAHSCE 1 1 SR80 55 DA K S8 0E
KSR 20 P A 5 RN AR SR P A S5 2B 2 i R R DA DG . DRI, AT 7032 T X 46 24 T 2 F 70 SRR
YT PH AEFBLE], NRERERE PH BV TT AL T8 AR -

2. BERFNTTE
2.1. RERERHO{ERSE =T

£ PubChem (https://pubchem.ncbi.nlm.nih.gov/) ¥4 e o~ 288 SRR 1 2D 458451 (R 478 SDF 1,
T4 F Swiss Target Prediction (http://www.swisstargetprediction.ch/) 73 H7 & 512 (1 1 I # A .

2.2. FhENBkE AR T

£ Gene Cards (https://www.genecards.Org) %4 4 A K #i7] “Pulmonary Hypertension”  “Pulmonary
Avrterial Hypertension” , 2 PH ZE[RIBE i3, WA AH M58 (Relevance score) > 10 HIAHICHE &, MIBRE
S0, FAIH Venny2.1.0 £l 8 R ERHE s A1 PH HE AU AC AR A0 ni &

2.3. PPI EB E{EME B A% DR R FREL

IR FRER AT B 55 4% 2 String (http://string-db.org) ¥ FErh, P FR € F “Homo sapiens”
B W E N>04, R A - $88 (A0 EAE H (Protein Protein Interaction, PPI)®%%, 3515 PP 4> #r 4k
FIFLL TSV Byt T H, FfId Cytoscape 3.10.1 B ffxf 25 Rk AT vl ¥4k, FIHZH 4+ ) CytoNCA i
i — P ik iz OB A

24, BEST
BREEIRS PH IS4 5 S N DAVID (https:/david.ncifcrf.gov) % #i % v, SEWF N “Homo
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sapiens (B N)” . #xiRFF(identifier)y “official gene symbol (57 48K)” » fRHEKIEG P {H/M T 0.05 %%
H, #HTHEEE AR (GO) T RE & 4 AT Rl #E F 5 5L R 20 1 R4 T3 (KEGG) @ % 0,  JEimiHE4 aT 20
45 B S NHZE 15 (https://www.bioinformatics.com.cn)*F- & 3#E 47 AT AL 43 AT . 3 #1646 4= 403 72 (Biological
Process, BP). 73 ¥IhfE(Molecular Function, MF) A4 141 43 (Cellular Component, CC) }2 KEGG @15 2. .

2.5. 7540 - BBRS - JEBR - FRTRILRHOME

%3 KEGG 70 M 45 5 b e SR L IR HE 4 76 B 20 FO135 S0, S5REEIRA PH HSLA#E S 44, &
A Cytoscape3.10.1 Bt i it 25 - B A5 — % - B2 ]
2.6. ¥F¥IE

JEIE PubChem %¥s 218 2% BE R T T #IL sdf #% 30 = 48454, FIH OpenBabel 3.1.1 #3454 pdb %
i, FENH PDB (https://www.rcsh.org/) 54l 238 2 A% O 8 s 1 A M. = 4845484 . 3@id PyMOL2.4.0
PEXS AR FICARBEAT 25K . N ZE AL B, 4R )5 FI A AutoDock Tools 5 #E8 FH AH e A 4r B8, ISR 7
THE A B XHEE T NRIG, B B AutoDock Vina X 32 (A FIFLAREEAT 20 T X6 42, B a5 1
LS PyMOL2.4.0 #E47 AT A AL AL EE

3. &R
3.1 BERBMERES

M PubChem %4 2 Hh SR EURE FER 1Y 2D 250, I RE IR SMILES &5 #)X F4% % Swiss Target
Prediction ¥, SR AE SR BR VE 7R A FAE A, S BR T 5000 A 5 SR A5 25008 1 75 /N (e AnifE - Proba-
bility > 0).

3.2. FENBkEEREER

JEIT Gene Cards ##E FEAS RIRTG PH Flii A OCIE R HE A5 7441 4>, DAAHSEME /> {E (Relevance score >
10)/E AT %At SFAFRF G 2RI Bk s AR AL #E i 1287 A o FIRSRIG I RE SRR fEAE B
PH AHOCHE s EAT AH LRSS, SEAS R 28 SR8 1 37 4, WK 1 FoR.

RERIR firi 3l fk 7= s

Figure 1. Venn diagram of overlapping targets between ursolic acid and PH
E 1. BERERS PH IR EHRSFEE
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3.3. PPI EB E{EME B A% DR R FREL

FRERIR S PH 1 37 NS AEHE A5 N String £k FEf e PPI W 2% 18] i i Cytoscape 3.10.1 34t
TR, BB S 5 8 B A B RS S W] 2 B, MRS R 37 AN, 170 kI ALRL,
ARAE S AU BEAE BB O NI, bl [FC I FEE R, 9 RO B R, AR IARYE
Degree ik H T HT 5 A% OB 55053 1) 2 b S8 A0 W g A 338 BEL ) B 52 Ak 25 K] (peroxisome proliferator-acti-
vated receptor gamma, PPARG). i #ll [l K W i AL ¥ & s 2 (prostaglandin-endoperoxide synthase-2,
PTGS2). M & 3214 1 3£ [ (estrogen receptor 1, ESR1). MAPK3. #5324 W 5 %k 3 415k 7t 1 (nuclear receptor
subfamily 3 group C member 1, NR3C1), J&MME 4% 1.
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Figure 2. PPI network and Cytoscape visualization of ursolic acid’s therapeutic targets for pulmonary hypertension
2. BESRERIAIT PH $LAY PPI 45 K Cytoscape FT4RLML

Table 1. Top 5 hub targets ranked by degree value and their attribute scores

1l BE{ETopbs ML EME

Target Degree Centrality Betweenness Centrality Closeness
PPARG 23.0 202.59105 0.72
PTGS2 22.0 245.9363 0.72

ESR1 20.0 99.7777 0.6792453
MAPK3 19.0 92.976776 0.6666667
NR3C1 16.0 70.629585 0.6315789

3.4. GO IhgEf KEGG 5 EBREE ST

Nt — SRR RERVATT PH A4 FHLEL, FRA1%F 37 NI RBHT T GO fl KEGG &40 .
GO FHEMHra Bl 3 WoR, A 130 M&H, BP 5 79 M4 H, TEH M RNA BEBEISE ) 1%
(IR A PN 2 I 3R S IS Sl . SO N BERIRIA B IR A X AMIEME RS R B CC
HHL04MKHE, FEP I WRME. &, 5. BRER. % MR 404 5%H, 28Kk
KL G RNA BEH 1| # R FiE k. BoRBosE 7ok 21k DNA 4546, 6. BE T4 5.
KEGG 7r#r 4 R/~ 22 245 5@ EF(P < 0.05), H AP GifeA: VUG SHE s . MR A oG Es . 5-F2 6
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fERE SR A A5 S E e SR RV E A R LR 5% Sl PPAR {5 58 H, MBI P (BT
20 /™5 sl ik e A SR R BR HEAT AT RRAG AT, LI 4. AR, FRATTIE ] Cytoscape3.10.0 F 4 & R IR G
J7 PH HIZ5%) - 48 5 - JBEE - 0 R 1F 5% 2 18 DR B 0 HeRE 251 S5 00k SRR, I 6.
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Figure 3. GO enrichment analysis bar plot of ursolic acid for PH treatment
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Figure 4. KEGG pathway enrichment analysis (bubble plot) of ursolic acid for PH treatment
B 4. BEREZIATT PH B KEGG BRI SIBE
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hsa00140

T ROZMBARERRR, BORKITBARLEN, WAOMBIAERE Tl ROsEmAK PH.

Figure 5. Drug-target-pathway-disease network diagram

E 5 254 - $B - @R - IRmMLEE

35. BLE RS FXHEE

T % ZG BT, FRATIGHIE T 5 MO HE S . PPARG. PTGS2. ESR1. MAPK3. NR3C1, ik
— B HRERBRIMAT i FAHERAE, FEM AR, SARH T RASZAREANS S, BE
{EAK T 5.0 kcal/mol AP & AFE R E R 1, BAAMLEGREN R 20 WRPATLLE H, RERISZ.08
MG <-5.0kcal/mol, KR A RIRMLEGIEME. &5 K H PyMOL2.4.0 BAFX b &7 70+
=N, AR 6.

||||||

P Ac RS NRICL BEAEE: B HERERS MAPKS &L
XHEE; C: BERMRES PPARG AN HKE; D: RERIRS PTGS2 &
AXtiEE; E: BERIRS ESRL &E AN K.

Figure 6. Molecular docking visualization
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Table 2. Docking table of ursolic acid and core targets
2. REREE S m xR

wEY A % (PDB ID) 4 it (keal/mol)
NR3CI M2z -8.68
MAPK3 6GES -8.07

fiE SR PPARG 6KOT -7.9
PTGS2 5F19 ~7.54
ESR1 30CB -6.93

4. g

PH & —Fh b AT PEAS Pl fL e, i i S BB E (R 3 PH R AR AR R b il 2R G AR, PH
(1 it 3 ik 98 3 R Je 2 AN RBEIA T . A SZ A0 (It B Kk A R 4 i i A T e B i o B A, il fik
78 WL4H A2 (pulmonary artery smooth muscle cells, PASMCs) 7 # 1 A4= K L RVEEA,,  [F] i fF B i 5 & ] 28 Sk 4
HRIR 38 DA R A5 R 2K AL, LR M A . X S B AR B R B L R R RS, BEE
TRTERIR R, BRAT S s 20T [17] [18].

PH H AT 2590367 3 20l ) — U AL N 35S S Ia R M 2T B AR T, SR IX L)
AR KA K 0 I A SRR AR AR PH, H LSRR U LA LR SR BRI, BRI R K —
FRZ R 224 IR PHIRTT I T RARABAG 2 A, 2N T LAERVD 25970 &
1 F) IR AN RS, Rk 22 (1A 5T 3 B LRI CARL T T IR IR o b4k, OO SOk B R 24 SR 7E VR T PH
FRIEEZEAEM[L9] [20]. RERERE —MORMAEN A =R IR, | AAETHE. AKRA R EZ i,
RESRIRIGZGBAE 2, AT AE 2 M5 R BV YT R« IR, AR SRR W] B35 G5 BT A 085 ] S ¥ PH
[7], 1BJ& HATA KRRERIRIGIT PH MIAHC R, BRI BRI AR, A0Sl MLy
P HTIRR BE R PT PH /E, HAERERPIVA PH $2 4L T R JEAl .

HT PPI %%, AR PPARG. PTGS2. ESR1. MAPK3. NR3C1 24 (¥ s Bl i v, HEMIX
Se TR T B RE R IRIAYT PH M E AL A dE—2P4T GO ThEE /TRl KEGG 5 43 1 A L AE SRR T il ik
A VUG TRAR BB B BRI AH OCIE B 5-F2 (L AE Sl (S S @ i RIERE R LD 6 i ARG 5 1E
FiE%. PPAR {5 5@ M1 PH.

AATEERLENT . O BT RAEMRIEN 3 5L TR IERZCAER - AA R M)(SFR K
ThER) AR ARSI FThEE. AA ] AL B R L A FZE WA IR, A w21
FE SAiFIERE, IR e T AR R s AT Sk [21] . AT AURR 3R R R AR R A AR A
ST R R AR, EATRT LA PH A g BRI MU WSO A 0, AT R AL st il 30 ik 1L R 46 [22]
[23], PTGS2 /EHIFIMR R AEYIE BUK SHERG, ©— —Fhg RUK MUY 5K 7], B NRIRTT PH A N2
Wiz —, AMUntt, RN, PTGS2 milk/NRIEME MG R I E N PH, $#&/x Ll PTGS2 FILL
YERIRTT PH BIJ5 A1[24].

PASMC 152 5 ifif & S8, 6 ARSI PH R b, #0825 PASMC U2 %, T4
RRAE, A5 ANBEHZP S ERIAL, BFFCR I, PH AR ZR AR 58 nT s HIF-1a, 3EIT3E 504 S0 %
fE R ARG T . [RIET, 53 SCHRER B, PR A DGE e an ol AR Ik VLI 3-3i B 1 U B (protein kinase
B, AKT)u] LT PASMCs (143 i R T 8] fr) ~F- 47 Sk o5 35 i 1fn 37 8 44 [25]-[27]

S| M R AN SE T L R RO KR R S B BRI PR E T, ESRL B S AR AR A4
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VA TIRE AL N R AEVE . WEFE R, &t PH 5% PASMCs Wl 2 R R i K R E =T 5
PEEE[28] [29], MEBAR 2R o A1 p &S BRI PH BAGRIPVER, IR nl feil i U R R0 S i, DR
FINHIF N PH 6T IR AL 2 e BPE[30] [31]. RN, SAWFLEM, NR3CL &4mihE i i & 214,
W R T R I B R A 452 NR3CL JERIfs e, 2 50 SR SO I M. . A IE 5 7 A 72
[32] [33].

PPAR J& T E 2B XK, HATC A =M AFWA: PPARa. PPARSIS F1 PPARy. EAI1f 51
WA E . MMIETE. . SIEM M EAYIE R . WA SR PPAR 5 R I & A4 R R 2
LA A B A 9G[34]. PPARy (EIME B A RIEE AR, MEHLR N 2 M)A/ PPARy DikE
PERIL, WO S 0T OGE N R AR BT Re . PN BRI T MY T R 40 B AR SRR R, AT A ) o
PPARy tH PPARG Z:[MZwfid, 1ZALRGIES PH 1 RIWALEIA <, C %1 PPARG ZhReHE T K & AT 1E IR
PRATHLR 22/ PH, i PPARYy B3l 7 mT LA % fiti ifn % =5 %8 [35] [36]. Li Z[37]18F 7L K HL, PPARy KL
WE AT DAE B T2HE A T LS 1 %240 PASMC 858 . ORI R R, BRAREEAZAE 2
BI-PPARy HI5Z451/2 PH TR B ZENLH], PPARy MIMUE AT C03g 1z L], AT 401 1fn 2 6 %3 38] . Seng
391 F5 i, PPARy PR PH IR VIAH S, PPARy HIAS & Al LUl it i /b Jr 8 AL B R I . 3
Jn3 14 4 (reactive oxygen species, ROS) ™ A= S g i3k I A US4 « 3o Jo8 438 4t R0 5 Jo A A, i 177 3 [R) 3K 5 PH )
TE R

P R D RE B AG  FH T I 9 AR B WS 4 75 2 TR AN P4 SRS Y, 5-HT e RGp RIS % N B
DhReRt A%, MMTE PH RIFHCREEZER . PR, G EAMMPSZABEER(G protein-coupled
receptor kinase 2, GRK2)& PH Bl HIA O E LT REREIG T — NE W 5] IR 7 L&, IR EENE 5-HT
TR0 1) 57 oz e A — i b L R B ) GRIK2 MR, AT AR PH 512 K R A 0 == Dh BE R i A
TR R E[40]. Kloza Z[41]48 H 5-HT iz kit N PASMCs, %G (ROS), M FIMEUAE, MY
Wk, RIS AR BRI IS S IR T (1 NF-xBy STAT3), 5| A& 4 H 3 5 5 11 B = 44

fEFLZ& (Prolactin, PRL) & —Fl R Z AR AT W KR, 5HZBRSGE GBS NG S5%S, O
Janus Bl - 15 55 SAEFBEGEE T AKT Fl MAPK GERS, SR T/, AT s aik
ST 25 PRGN, 22 PiEiE i &k A8 S & 45 A M55 . MAPK H 5415 S I i & B S 5 il IfL 45 1) % R 98,
M MAPK3 j& MAPK {55 @ BS B 2 b, Tao Z5[42]0F 7 R BB BE MAPK3 5 516 S0 TH E
VERES B omi B4kt 1 2wl 4l i i P LA IS 58 . PRL B R IE p21 BodE s 1 A3 B L
I ERa, AT RLEETME B R VA TT BIAE LI [43] -

AW FIEIS B W 2 PR, RGHER T RERERPL PH /EH B E S TALHl. GO 434
T 1 RE SRR YT PH /E ¢ 5E BP. CC 2 MF. KEGG/DAVID B & £t 458 1 RE BRIV IT T A% O
HSIEEE . PPl LM IR H B MZ L EE . PPARG. PTGS2. ESR1. MAPK3. NR3C1, 4T X445
RAIR, BRI ) 4 24 22 ik tH I OB )R B R R A ) Pl s — R ], RRIRIR S
IREE g s A T R, UESERTIAMEUE AR O R AR REIRIRIAIT PH HISCHEEIATT. NS LRRER
FRYGYT PH (2530 SR PR S IR SR AR AR o (H R AW FUAFAE — LEJRBR 1t o IS 25 B2 . 7y 156 42
AT BRI S, T O AR AR R R, LA SR nT R SR AN o [ H T A (R A PR
PATRA AT SR A SE 3G AT IRAE . RV IRTT T RERERIAYT PH HIMLH, BATAEA K@
Tt SRSk — 0 2L B UE AR AL o

£ E&WA
T TR 25 R 4E 5111 (2021-WJZD014) .
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