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Abstract: Objective: To investigate the active components, protein targets, and mechanisms underlying the anti-obesity
effects of Hippophae fructus using network pharmacology and molecular docking techniques, and to validate its in vitro
anti-obesity efficacy. Methods: The TCMSP platform was utilized to retrieve the active components and targets of
Hippophae fructus, and disease targets were collected. Venny 2.0.2 was used to identify the intersection of targets between
Hippophae fructus and obesity-related targets. The STRING database was used to establish a drug-target-disease protein
interaction (PPI) network. The intersecting targets were analyzed using the David database to perform GO enrichment
analysis and KEGG pathway analysis. Cytoscape 3.9.1 was used to construct a network diagram of the components
of Hippophae fructus, anti-obesity targets, and related signaling pathways. Autodock Dock 1.5.7 and Pymol 2.2.0 were used
to carry out molecular docking between the core targets of Hippophae fructus and its components, followed by
visualization. The in vitro anti-obesity effect of Hippophae fructus extract was evaluated through cell experiments using
3T3-L1 cells. Results: A total of 33 active components, 2820 disease targets, and 151 intersection targets of Hippophae
Sfructus were identified. The main active components included flavonoids, vitamins, and sterols, while key targets involved
AKTI1, TNF, IL6, TP53, VEGFA, CASP3, and others. KEGG pathway enrichment analysis revealed 131 signaling
pathways, including those related to malignant tumors, lipid and atherosclerosis, and AGE-RAGE signaling. Molecular
docking results demonstrated favorable binding interactions between the core targets and the corresponding active
components of Hippophae fructus. The in vitro experiments indicated that Hippophae fructus extract exhibited inhibitory
effects on the proliferation of 3T3-L1 pre-adipocytes. Conclusion: This study reveals that Hippophae fructus exerts anti-
obesity effects through multiple components, targets, and pathways, providing valuable insights for its clinical research and
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product development.
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Table 1  Active components of Hippophae fructus
Hi  STID TRy PR FR OB(%) DL
1 MOL001004 pelargonidin REFEOF 37.99 021
2 MOL010212 14-methyl-alpha-sitosterol 14-HJ-o- 25 HSBE 4349 0.78
3 MOLO010241 ergostenol F A 3541 0.71
4 MOL001979 Lanosterol e 5 4212 075
5 MoLoota20 S T T aodecshy oy depentihenminonsone ¥+ pimi 38 076
6 MOLO001494 Mandenol RVATH T ¥ 42 0.19
7 MOLO001510 24-epicampesterol 22,23-"ERTHEE 3758 0.71
8§  MOL002268 rhein KER 47.07 028
T N e o e L L SRS
10 MOL002773 beta-carotene SIS MR 3718 0.58
11 MOL000354 isorhamnetin FREER 496 031
12 MOL000358 beta-sitosterol Jisaat 3691 0.75
13 MOL000359 sitosterol ey 3691 0.75
14 MOL000422 kaempferol IS 41.88 024
15 MOL000433 Folsaeure Ny 68.96 0.71
16  MOL000449 Stigmasterol 7 43.83 0.76
17 MOL000492 (+)-catechin (H)-JLEE 54.83  0.24
18  MOL005100 5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl) chroman-4-one LA a 4774 027
19 MOL006756 Schottenol I 5 P 3742 0.75
20 MOL000073 ent-Epicatechin (H)-RILEHE 4896 0.4
21  MOL000953 Cholestrol JilERS 37.87 0.68
22 MOL000098 quercetin Wit Rz % 4643 028
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Fig.1 Network diagram of the active components-targets of Hippophae fructus
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Fig.2 Venn diagram of the intersection of Hippophae fructus
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Jgg . g BT AN S ko FERE Ak . PI3K-Akt 7 GEJ& G HH
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Fig.8 Pathway network of components-targets-signalings

VEFH B 25 M as SRS I v G 7 AL e i i
R ZBSy 20N 2B EE RO RES .

2.1.6 Sy FXEE BEEVSEBILRERY PPL 4%
1H =95 BYCHERE )5 AKTI. IL-6. VEGFA ., TNF 5
HX B P AEIE PE L ST #E T 43X e dariib . X de 4
HRENLER 2. 454 FHE<O kcal-mol !, FHHZIAS T 5
Ao FHE A K456, 45668 <—5.0 kcal-mol ' ZEHH
R SGEARZ R B g S5 v a5 & BE4a X HA
A, XHEERE I RRER, XS AR e MR, AR
i 25 (RMSD) i/ NFRIR X2 45 i wif . 14357+
XL R T IAL DL 9.

2.2 MTT &M ERIEERART 3T3-L1 /MR ATASAAZHAR
AR RS

3T3-L1 /) ERTAR G 4 it H A 14 5t o id fig
JEH ARG IG5 Az A AN, Bg s A% 5 b3
FIMATNE RS M A A g U7 6 FE 1 S B2 PR 21, A
HEAZ B AN IH T AN S S NG S sE R, DRI AR
WEHA | 5 AN T A AR A T B

K MTT LA VDR AN R . AN [RIE
JFHBHAXF 3T3-L1 BT 4 A 3558 A 5200, 4558 0
&l 10, HiE 10A AT %1, 55 R84 AR bk, YKk 324
Sy E T 3T3-L1 RUABF 41 24 h )&, 125,

2 TR ARE
Table 2 Binding energy of molecular docking

H5 REN LHEE £ TP #5451 (keal 'mol ') 77 M 22

1 AKTI1 6HHJ quercetin —7.89 0.065
2 AKTI1 6S9W kaempferol -7.69 0

3 AKT1 6SOW beta-carotene -9.72 1.570
4 1L-6 IRWK quercetin -5.93 0.050
5 TNF 1PK6 quercetin —8.07 0.263
6 TNF 1PK6 kaempferol =7.93 0.743
7 VEGFA SHHC quercetin —=7.06 0.062
8 VEGFA SHHD beta-carotene —-10.10 1.244
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Fig.9 Visualization of component-target docking
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Fig.10 Effect of Hippophae fructus extracts on the
proliferation of 3T3-L1 preadipocytes

TE: NS FoR-5 X AR HE TG B35 22 53, *30R P<0.05, ** 3R
P<0.01, ***3/K P<0.001,

ST R TC i 25 AN, R A LR Y2 2
310 5] 4 I 5 B 19 %55 (P<0.05, P<0.01, P<0.001) .
ZHIfEFARTRI 272 h Jm, B 100 pg-mL " Yl -5 %7
AR AH L TG W 35 PR 22 540, AR A5 2 M e B i 5
0T 40 3 7 B9 =R (LR 10C) (P<0.05, P<0.01,
P<0.001),
3 ht54Ee

ASHIFGE R FH P 2% 22 B2 0 537 4T B v
FRHAC A RO8 FE AL, JEFIH 3T3-L1 /)
ERCRITAR T 4 B4 ARG M IIE

A FETRBE H 22 AN FLAT X R A5 V0 s
WG, MR ER LSy, BB DR /- IR 2
A B M s . RILAS R T Re VD IE i TG TR
Sro WFFERE, M RAeGE S CIHEE S NEAH D 5+
He, UNABRE | A S H AN A AN I 52 S5 RERY, &
HEE L 40 1] PPARo/y VA F0E 5 A o e R 15 &5
AR L i T e R AR T 4 Cebpa BEPHIER
IR JEFIAR SRR SR Y, PR 3T3-L1 4
Re534k, FETTSBIBTAE R, a8y GE i
5. N Fe il R AEAH OGP A L B | 1 PR AR IR AR A
FHOIEERY H g8, s N RIS MR
—Fp, R LEAE R A TR, JEHE MRS
55 08 i 2 SR AR RE R Y, g B b FRaE
B3-AR/p38 MAPK/SIRT {55 538 {8 8715 5 i 43
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FRANNENTE AL, 55 3T3-L1 FIANE T4 uiE A5,

30 35 A4 FRE VD RS 5 M B A Veen K15 PPI
%, s 151 Vb T AR R B0 R AR 1R R A
AKTI1 NG AR o3 A Ta e d 1 5k F H Al by d 3t
A5 4300, JEECY BFoT 2R W LLAR 20 . B
YrrEfsi L PI3K/AKT 0 A 2 JE5 NE LN BUBE G
R SR TER . I EARITLLZU i AE s 4E L L A
M1 EVEAMRER] 53 R E I TNF-a & IL-6 S84 48 R
5, B R B HAR SA R PG B & B2, s/ N R
B B kAT e . BRI AR ER AL . [ SR AE K
PRGN, 1L-6 T RTfE SRR DT L 2N e, s
JEARIHE P AR KB INAE R R ZZ I R U BE R
(R BUFA)Z H IL-6. TNF-o 25 F 19 &, v2e
BES R P 2ORE , IRINRCR R 4%, VEGFA M4
[P e el P R N 1 b 2 111 =0 1 AN 10 || = e Bt
VAT B AT LR B AL AN RE S R AF I 20, VEGFA
ik MEJERERE ML BE AR kR Ak, REIRIARE
YR AR BREE 1 LA KW 2R R E, I B e g
YIS SIIEREEAA —E PR

254 T e A5 BN 0 VD R PTAL P AS SV R A5, 32F
17 KEGG i #53H1 1 GO ThRESHT, IR HAp T IE ik
SrFAEFAMLE o 25 T B AR P ey 3 i AR D B
Z, SRV, g . T HRIERE 5 & K
RZ— WS R TE RS ZLIRIED . 45 B
JaEU0 . HUR et AEER S AT EE I SC R,
PR SIEE B A S P9 AR K R R D R ok
Fhiss  BIE TR . IR A AR A AL A
SO A B H VIR, NB I A i kK
A4 TL-6. TNF . P F1E 2, 49 E N, fiE
PHE AN FET . BFSE A B g RE S R R AT
P05 () PRI AH SRR S, T ERRA BRI | B X E
Va0 0 ot TN SR i A B AR IRl A
BT ZH0 AT Z3m B P RIVE A B PTIEE . K
AKT1. TNF. IL-6. VEGFA VU ZL00 8 15 5 %50 B 1%
PER S BEAT 43 T X UE, 45 R R4 455 REH<
—7 kcal-mol ™', XF3245 5 B A4y, B84 &S PE.
RSN S 502 B, e A 100, 125, 250 pg-mL™
B4 VD K HE ) 5 v e JE R TR (24 W) VEFH T 3T3-
L1 BG40, PE S aniigse . Bt 25 1F i TR
FYHE (48 h), 454 (100~500 pg-mL ™) AV
KI5 VDR E 2R B0 — 2 AT R A S B AR
JH(250 pg-mL™ BV EOKEEY 5 100 pg-mL™ B>
WS o FEVEFHRITRIES] 72 h B, 42 100 pg-mL ™
AV 50T R ZH 25 AN S8 3, A5 2H 24l F i
BT A RO (P<0.05, P<0.01, P<0.001) .
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