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Abstract: Objective To explore the potential mechanism of triterpenoids from Alisma orientalis against liver fibrosis based on
network pharmacology and molecular docking method. Methods According to database screening and literature investigation, eight
active components from A. orientalis triterpenes were selected as research objects, and their action targets were predicted by Swiss

Target Prediction network platform, targets related to liver fibrosis were obtained through GeneCards and OMIM databases, and “active
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ingredients-anti-liver fibrosis targets” network was constructed by Cytoscape 3.7.2 software; Protein-protein interaction (PPI) analysis
was carried out by String platform, PPI network diagram was constructed by Cytoscape 3.7.2 software, key targets were screened by
degree value, node tightness and node degree. Gene ontology (GO) function and Kyoto encyclopedia of genes and genomes (KEGG)
pathway enrichment analysis on anti-liver fibrosis targets of 4. orientalis triterpenes were carried out by DAVID database; AutoDock
software was used for molecular docking between core components and key targets; Effect of acetyl alisol C on nitric oxide (NO) levels
in supernatant of NCTC-1469 cells induced by oleic acid and palmitic acid was investigated. Results Eight active components of 4.
orientalis triterpenes including alisol A 24-acetate, alisol B, alisol B monoacetate, 16p-methoxyalisol B monoacetate, alisol C, alisol C
monoacetate, alisolides D and 25-O-methyalisol F were obtained. Thirty-five anti-liver fibrosis targets were predicted, four core
components including alisol B monoacetate, 16p-methoxy alisol B monoacetate, alisol C and alisol C monoacetate and four key targets
including protein kinase Ca (PRKCA), mitogen-activated protein kinase 1 (MAPK1), phosphatidylinositol-4,5-bisphosphate 3-kinase
catalytic subunit y (PIK3CG) and MAPKS8 were selected. GO enrichment analysis revealed 142 GO functional entries and 69 pathways
(P <0.05). Results of molecular docking showed that core components displayed strong binding abilities with key targets respectively.
Network pharmacological analysis showed that A. orientalis triterpenoids played an anti-hepatic fibrosis role through
lipopolysaccharide reaction, apoptosis and other biological processes, as well as tumor necrosis factor (TNF), phosphatidylinositol 3-
kinase (PI3K)/protein kinase B (Akt), MAPK and other signal pathways. Results of cell experiments in vitro showed that NO content
in liver injury cell model was decreased after treatment with alisol C monoacetate (P < 0.05). Conclusion Active components of 4.
orientale triterpenes such as alisol B monoacetate, 16p3-methoxy alisol B monoacetate, alisol C and alisol C monoacetate may play an
anti-liver fibrosis effect by regulating MAPK, PI3K/Akt and other signaling pathways.

Key words: Alisma orientalis triterpenes; liver fibrosis; network pharmacology; alisol B monoacetate; 16B-methoxy alisol B

monoacetate; alisol C; alisol C monoacetate
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Fig. 1 Chemical structures of triterpenes from A. orientalis
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Table 1 Intersection information between triterpene active

components of A. orientalis and hepatic fibrosis targets

Uniprot ID AR p Uniprot ID AR £
P35228 NOS2 P42574 CASP3
Q13133 NR1H3 P04035 HMGCR
P06276 BCHE P35968 KDR
P37231 PPARG P08254 MMP3
Q05655 PRKCD P02766 TTR
P09211 GSTPI P25024 CXCRI1
Q14994 NRI1I3 P28482 MAPKI
P04150 NR3Cl1 P48736 PIK3CG
Q16539 MAPK14 Q00987 MDM2
P02774 GC P00533 EGFR
P55055 NRI1H2 Q9HBAO TRPV4
P00734 F2 P45983 MAPKS8
P35354 PTGS2 P80188 LCN2
P12643 BMP2 P02768 ALB
P03372 ESRI1 075469 NRII2
P04062 GBA P10275 AR
P62937 PPIA P17252 PRKCA
P49841 GSK3B
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& By String “F- &4\ 35 MNMEAEAE LS, /15
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Fig. 2

“active ingredients-potential targets against liver fibrosis”

Interaction network of A. orientalis triterpenes
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Table 2 Topological analysis of A. orientalis triterpenes in

network of “active ingredients-potential targets against liver

fibrosis”
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Fig. 3 PPI network analysis diagram of potential target of

A. orientalis triterpene “active ingredient-liver fibrosis”
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H¥EE B (protein kinase B, Akt) {5 5@, M
W Rz A2 K K1~ (vascular endothelial growth factor,
VEGF) {5 518 | I 2 BRI 52 1 2 (tyrosine kinase
receptor 2, ErbB) {55 1@ AES T U R B2
S HLAL (transient receptor potential, TRP) JHi& 14
RS R FORIRBER S 5. FoxO 55
%, Rapl (2518, Ras /5 5K, MAPK 25
W, G S T-1 (hypoxia-inducible factor-1,
HIF-1) {558, MEMERE 5.



- 1106 » F8 B 2022628 $53% B4 Chinese Traditional and Herbal Drugs 2022 February Vol. 53 No. 4
15 7]
1 BP CcC MF
I I 1 | I | |
10
T
5_
0
= > v = o % 4 = = o = en on op op > o0 oo
E 38 sE8 8 sr8338E83EEEzprerrrres
2 2 5§ 8 g Z 85 g a2 wE 8 8 E 28 BVBET ZETV T Z
3 = &=z 2 5 E 28 522 9 5o T 5 S £ £ £ 88 E £ B
= 8 3 > 8 a s 8 8 9 5 g .- &892 8 2 & 8568558 s & 5B 5 &
= 2 9 1% o 9 = 2 3 2 5 5 8 = o = < 2 9 9 o g 2
[S -] a = = |72 =] 2 2 5 5§ O O 2 2 g 3 5 2 @ = @
g > & 3 s 35 = 2 2 2 <& g & 8z 2 & & E 8 &
o E = & 2 s B s =2 % E B S >8A 5 & 88 5 £
S < 2 8 m = 2 9o 2 8 3 N 2 s £ = =g
o & o = 9] = ] 2 v £ 151 a o = &
en 5y o T Ay £ = © .© = o = N O Ay — .E
G e &y g x =z S B o — =} < < D
S @ = 28 8 5 2o 2 54 = S B
= 2 o & —~ © © © = 15 g, g = S ©
j5) = —
s 8 s g = [ 5 £ & o s A
£ 3 g % 5 g g & E 2
s 5 2 L B = = S S = =2
E 2 § & H = 9] g = ] 5
= &= % B E £ 2 2 £
=~ o d & o O _ = o s 5
o = = Q = = 53 = o a2
L 3 = & .2 3 &0 o o @
2 = [9) 1Z] =]
3=} g = = > <1 B
= E = & o =
] = B > o
a. [} o o0 R=l =
=) S = 2 15 a
2 5 58
5 Z 2
L2 =
1] 172]
=}
a

transcription initiation from RNA polymerase II promoter
positive regulation of transcription from RNA polymerase II promoter
negative regulation of interferon-y-mediated signaling pathway

El4 GO IIEEEESH (71 10)
Fig. 4 GO function enrichment analysis (top 10)
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%183 CytoScape 3.7.2 BT ATAAL, WIEE 6 AF

N, L% 58 NI R 238 450l ARYEIR AN R
B, CBEETSEE By 16B-H S OGN B 15
i C. LBEERVSEE C AT RS =R T 4 4E 4L
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MAPKS 1] BEAE VS =i Va7 HF A 4R ) 3 24E
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Fig. 6 “Active component-potential target-pathway-disease” network of A. orientalis triterpenes

3.8 FE=REFEEMR S SRR SRS TR
5 GO ThAE & KEGG B & £ a3, ¥l
WIERE RO -RE IR RS T EEAERURI 4 A
YE 48 & PRKCA. MAPKI. PIK3CG. MAPKS,
53 A 4 A BEAEBCR PIAZ O By O BEFE TS I B 16B-
HEAM OBRETERE By ISR C. OBEEEREC N
WG AT > TR . UL 5 BT XS N T BCAARAE A
SR LR B, e B AR S5UAE B 24T
SHEOLINGR 3 s . FTA ORI 5 R m i 25

A REHY <-20.92 kl/mol, H P ZWEFEER B 5
MAPKI1. PIK3CG. MAPKS %4 A8 <-29.29 kJ/mol
H58F PIK3CG HrPEACH; 16B-H A 4 WHETSE
i B 5 MAPKS 454 f8<-29.29 kl/mol; {58 C
5 MAPK1. MAPKS 454 H8<-29.29 kJ/mol Hi# T
MAPKI1 $r5tEficlk; ZBEAESERE C 5 MAPKI,
MAPKS 454 f8<-29.29 kJ/mol H38T MAPKI %f
SRR, DL RS IRERIIEYE O S oo B
BRI ATETE, EAZ A AR ILE 7.

®3 DTIHRWIESER

Table 3 Verification results of molecular docking

4 PDB ID SRR 454 fig/(kJ-mol ™) 4770 20/ (pmol- L)
PRKCA 3I1W4 LBERETE B -25.15 39.55
16B-H & £ . BHESRE B -22.72 105.37
FIGHE C —23.01 93.11
LBERERE C -26.28 24.81
LW4 (unique ligands) —43.43 0.024 67
MAPK1 6SLG LBERETE B -31.13 3.53
16B-FE A OB FEEE B -25.86 29.54
FIEWE C -30.79 4.05
LBERERE C -38.16 0.206 59
LHZ (unique ligands) —29.33 6.91
PIK3CG 2A4Z LB FISEE B -30.25 4.99
16B-H & £ . BHEVSRE B —-24.35 54.3
FIGIE C —23.85 66.54
LIRS RE C —-22.30 123.28
BYM (unique ligands) —27.07 17.97
MAPKS 4QTD LIRS EE B -32.55 1.99
16p-H & % 2. BHEIS I B -31.71 278
IR C -33.05 1.62
LIRS RE C -30.17 5.18
387 (unique ligands) —43.81 0.021 25
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Fig. 7 Molecular docking of main active components of A. orientalis triterpenes with key targets
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FEEVERE C (32 umol/L) Ab¥E 24 h J5, 4 bR
NO /KPR EREL (P<0.05).
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Fig. 8 Effect of alisol C monoacetate on NO level in
supernatant of NCTC-1469 cells (X £ s, n =3)
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NASH /) 5 BE AL f (1) 3% £ %0 Creactive oxygen
species, ROS) 7K1, i 5 iE 241 i [R-1- [R) ZR Ak 71,
23- RV B ALE S FXR 15 500, PG
TR S ARG SR = 1R T 1 NASH /IS R IE 28
PR G K A A RR EPDHI mRNA 7K, Mt R AT
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KHFEF4eth . 22/ NEEBTRIEISEE C. 23- LBEE
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1 it 4 A R B DU E ), A — 8 BB LB Th Rk k4,
Jin SECANEEYG 4y B4R R 6 ASTUER =ik 28k
A1) alisolides A~F ¥R/ [ FE Hu A1 i 2 W 5
SR NG W Caco2 4Hf NO A2 1%, ZEAf 98 E [N
BRI, ASHIE 52 01 FH I 2% 245 3 2 o5 = 1 T 40
BEAT T AHOCTE PE TN, DA IR L B B — E Bt
NASH FFAF4EAb s P 3SR 64 . Hodh 2k
FEIEIE By 16B-F KL O WHEVSRE By FIERE C. &
RIS IE C 7E M 28 FEEROKR, W REN 2 ZETE T
. MR GO ThfeAl KEGG il & W, #E—
R IFEE =W R PR 4EGE R AT RE S TNF
G, PI3BK/Akt {5 518k . VEGF {5 5@
ErbB {5 58I, RIENFN TRP JEE R %
B ZE LT FoxO 5 5@ A <. HhBE RS
(1] TNF 15 5 18 2%, R0 vl SE0E T iz s A
F-xB (nuclear factor-xB, NF-xB), i p53 F&[H
(223, H¥% HSC HHE AR R &k, e F&F 41k
(P EEARRO, AR TNF 2 905 ) S A
AT 207, PSS NOD PRz 3
(NOD-like receptor protein 3, NLRP3) [H ik TS
PR LAt R BT, AN IR T “ TS PR R -
T 55 -3 B -5 7 X 2%, TEEAE AT FH B 55 RRKCA
MAPKI. PIK3CG. MAPKS ‘o H 4 i i S BE ,
FEAZ LG R BT . FRRTETE TS R
J7FF£r 44k 5 RRKCA . MAPK 1, PIK3CG. MAPKS
B R B IAR K

TR R IR, BTSSR
1) 4 Pz O CBERTSEE By 16B-H AR OBEE
75EE By FRISEE C. LTRETEEE C 5o /E AL s
%A RRKCA. MAPKI. PIK3CG. MAPKS 45 & fig
¥1<-17.78 KJ/mol, FfHiX 4 Fif%.0r 55 MAPKS
FI4E A REH) <—20.92 kI/mol, FRIHBEVGIEPER T 518
TERE S FAEMISRA 5, BRI suE e, H
HZBEEEEE C 5 MAPKI B0 S48 4 fe fiils .
PRKCA & —FhEE R gmhg 5L 8, HoAH JGl Bt a5
MAPK i@ i, Pan & B81i i 7 5% 4 5 B 70 B
PRKCA "J/E R MR E BN Z (gonadotropin
releasing hormone, GnRH)+ MAPK/ERK %515 5 i %
(I GOREERE T, T miR-16 Mi#H] HSC 151k,
FRARAT LT 4EAL LS . MAPK] FXA ERK2, 7E4H)E
(3G FE o310 e EE TR ME RO, Jeng 2510 Kk

Pl ERK2 {5 5@ #i@d FOXM1. MMP9, CD133 %
2 Tl 20 B AH O 2E b B D R 45 I A AL dE R
[F I 2 S A A0/ BB R, ERK2 I I 15 ERK
& Tl A 4R ARG S D . o-SMA B K
SRR AR FRFEBRAIG 280 R BERD « PIK3CG
NAEHRN PIBK, A& WURERS ARG B A =,  HAHSR
B A MAPK B AN 2 RUBE FRIR  Lei S A HL miR-
101 AIENFE A E I R L (mammalian target
ofrapamycin, mTOR) {75 PI3K/Akt/mTOR 15 5 il
PERIE/D> ECM R, R4 4E4 . MAPKS K
N c-Jun F IR U 1 (c-Jun N-terminal kinase 1,
INK1D), 25 38 S8 B A2 (R 4520, 5 S0k
18 TGF-B AM/MRATAEAKEF (platelet derived
growth factor, PDGF) #4JA[ ji#id INKs % Smad2 Fll
Smad3, FE{ HSC if#%, HA INKI7/IMidH a-SMA
B EHAKCFREAC, XA 4 A TR ), IR STk
W45 %8, PRKCA MAPKI1. PIK3CG. MAPKS
%15 MAPK 15 58 BAFE—E K. MAPK {55
& FEEE R L MIA 2 2E s, 255 NIE
% 240 M k% A () B 24063 . I I SR B,
MAPK 15518 5 NMAZ MIESS A4 KA K
JEE VAR . MAPK {5 5@ #% AT L@ X HSC &
o 5. FTREES S54GRS, NO
IRV B AF AR FE IR T B i, P RE ORI R
WL A1 AL S FE B PR FR bR 2 — 10471, RS S2E
SRR, OBEERERE C AR S REFHC AR A P40 i
(I NO 4. G55 2512 o148 JL AR A
SIS EE R, HEN LBEAEIEEE C vl BRI IR T MAPK
T IEEE, D AN NO AR, AT R FESUH4F
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