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Abstract: This study employed an integrated approach combining network pharmacology, molecular docking, and experi-
mental validation to systematically explore the therapeutic basis and underlying mechanisms of sea buckthorn sterols in the
treatment of non-alcoholic fatty liver disease (NAFLD). Potential targets of sea buckthorn sterols were predicted using the
Swiss Target Prediction, TargetNet, and SEA databases, while NAFLD-related targets were retrieved from DisGeNET,
GeneCards, and OMIM databases, enabling the construction of a compound-target-disease network. Functional enrichment
analysis revealed key biological processes and signaling pathways implicated in the intervention. Key bioactive compo-
nents were subsequently subjected to molecular docking studies using AutoDock to evaluate their binding potential with
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key targets. In vitro experiments were conducted using free fatty acid-induced HepG2 cells to assess the effects of sea buck-

thorn sterols on lipid metabolism by quantifying total cholesterol (TC), triglycerides (TG), low-density lipoprotein (LDL),

and high-density lipoprotein (HDL) levels, with intracellular lipid accumulation visualized via Oil Red O staining. The

results identified 86 overlapping targets between sea buckthorn sterols and NAFLD, including 10 key targets such as

PPARG, AKT1, and ESR1, along with 17 key sterol components, including cerevisterol, lanosterol, and delta7-stigmasterol.

KEGG pathway analysis indicated involvement in 130 signaling pathways, with prominent roles in insulin resistance, HIF-1

signaling pathway and C-type lectin receptor signaling pathway. Molecular docking confirmed stable binding interactions

between the key sterol components and their respective targets. Cellular assays demonstrated that sea buckthorn sterols

significantly reduced TC, TG, and LDL levels, increased HDL level, and markedly attenuated intracellular lipid droplet

accumulation. In conclusion, cerevisterol and delta7-stigmasterol, as principal active constituents of sea buckthorn sterols,

likely ameliorate NAFLD by modulating lipid metabolism, insulin resistance, and glucose homeostasis through multi-target

interactions involving PPARG, AKT1 and ESRI.

Key words: sea buckthorn sterols; key active components; cerevisterol; delta7-stigmasterol
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P2 B RS R AV E FHAIL, S R BT RAR -4
DRetE R s B2 PR AL TR AR
1 MR5REE
1.1 #MRI5EE

HepG2 4iijift G 3 58 A= mr B A PR 7
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B & . K% EE B 85 1 (Low-density lipoprotein,
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ML BRI TR MBS 9% . B3 48 h B — R B 3%
Fe YA RS IR ] 80% LB, FH 0.25% 1B
TR B TN ARALA R

1.2.7 MEIEIMIE e EAEASIFITITK S
P AC ) B A 2 mol/L A AU SR AL B - LI U, SR
JE BRI AN SR A A - SRR IR 123 Y e
BE) . MEGHWEHTINI(85~88 °C) . Bl $2HL
(120 min); K2 BUREE ZFeArh, A 1 A5 75408
IKIF H Z R, B R P R 22 18 8 A ZE IO/,
F2 1:1 M ERBIINACLE CbE, 2R 5 FEH B AN E 45
RA] . HrE R, EE AR 4 KRG 6 IF AR BOK; 1%
2:1 B ELBITINAZE IR /K BE AL O 2 bk, WA=
T TEWEZEIH N S 12 N A GE B IC/K 2B, 76K A5

(76 °C) P INFIRTY SR, nI SV S B R
LSS, FEEIR R HCE 2 h JERE AVKAR (4 C)FF
AR B RERE S RlE, FHJC/K Bl =
WK, AT T EUR AR P S 22 IR SIS 5E R
JERE AR D O F T« V0B S IOk P ) A TR 45 5 K

Y. VDRSS TR ER A . WY 55 . AT7- T S AN B4
B4 20 mg, ZrBIFE T 20 pL A AREEFITE il
MR, B 10% BG4 11L7E DMEM €4
BEFRRBR R BN [ . AR ST =05 an
HE . ARG T (%) =(fb-EH4H OD—%514H OD)/
(BAPEXT BEZH OD — %5 F14H OD) x 100, ELARZIAE S
PRI 2 2D R 2 R 222 SR 7 TR AR

1.2.8 HepG2 A5 i BRI ey Ecik
Xof HELH | ARRUZH | VDRI A . VDS B R AR TR
25 AL | VDRSS R A 4 . M S5 L . AT-
T PR p-F B EE . 24 HepG2 4HIBAE S 5%
CO, I 37 C THIRIEFAR R PG5 2 T25 B3R
TR 36 23K 85%~90% B, T SE RS BRIARIA K% 373,
K FH#ER h 2% h ik (Phosphate Buffer Solution, PBS)
VT IR R 1 232 TR O L2 UG R 4T P R A 9 A
Yo gk mEE IR R IR HETE A 2 mL 0.25% JiREE
FIBRA W, & T EAE h AT 3~5 min BTHAL N,



5478 S 13

WIEAN &5 VOIS s msts TR E IR R G 0 SR PR A L) - 431 -

AR 4 i 6] B S 2 RS 57 B A SRR B & R AR
BRSO S R AETTIE TR &
WREEbRAE S, DL 5%10° cells/mL 114 %55 35 ¥4 5) 4 Fh &
6 FLEEFRMR, ITT 37 C [BRIMRRFEHESE 24 h i3
FoATMEEE, SERUREER B, REEREBRFLIIEA B FE
B SR ZEESEATR PBS SEE P UK TE s A BR, BlES
Sy A BB NB VTR (TR - AhElliR=2: 1, FFA) &
A [FVEREE 25 2 W 2 A5 S I SR IR, SO S
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YIS 22 PP EESRG W (3R 1. /S M Pub-
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# 1 SBS IHPEMITHIFHE
Table 1 Characteristics of active ingredients SBS
HEY TR Bk FAL A IE S N Ay e A H
Schottenol A S T 414.70 9.1 1 1 6
Delta7-sitosterol A4 590.90 114 1 4 11
Delta7-stigmasterol A7-5 P 410.70 8 1 1 5
Stigmasterol SRS 412.69 8.6 1 1 5
Lanosterol FEH 426.72 8.9 1 1 4
Cerevisterol MUY 5 Pt 430.66 5.59 3 3 4
Cycloartenol AN RN 426.72 9.8 1 1 4
Clerosterol gy 412.69 9.3 1 1 6
Sitosterol 2 590.90 11.6 1 4 11
Gramisterol RA i m 412.69 8.8 1 1 5
Cycloeucalenol I 426.70 9.9 1 1 5
24-methylenecycloartanol 247 FP A B o o5t 440.70 10.3 1 1 5
24-epicampesterol 24-FE {5 400.68 8.8 1 1 5
Sitostanol A B bl 416.70 10.2 1 1 6
Ergosta-7-en-3-beta-ol H A0 -7 -3 - 400.70 8.5 1 1 5
Stigmastadienol o 412.70 10.6 1 1 5
Ergostenol AR S 400.70 10.6 1 1 5
Citrostadienol Tl 426.70 9 1 1 5
Delta 7-avenasterol AT-HEHZ (B 412.70 8.6 1 1 5
B-Sitosterol B 414.70 9.3 1 1 6
Delta 5-avenasterol AS-HEHZ S 1 412.70 8.9 1 1 5
Campesterol ST S 1 400.70 8.8 1 1 5
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R, PR 1 BEAE G R EE S A Cytoscape 3.7.2
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# 2 SBS Wil NAFLD XHEH & 1A
Table 2 Characteristics of key targets of SBS against NAFLD

UniProt LA, EE Pl G R gtk
P37231 PPARG 57 0.00600933 0.49479167
P31749 AKT1 54 0.01352398 0.50000000
P03372 ESR1 44 0.03475083 0.57228916
P35354 PTGS2 42 0.05045642 0.61688312
P27361 MAPK3 39 0.12070735 0.69852941
Q16665 HIF1A 39 0.06856495 0.63333333
Q07869 PPARA 38 0.01812674 0.51912568
P42345 MTOR 34 0.00996307 0.50802139
P24385 CCND1 32 0.00090800 0.48969072
P49841 GSK3B 31 0.12752500 0.70370370

22 ‘Y- UEYEEIRR NERE
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T Cytoscape3.7.2 “F- &5 M & 14 “ SBS i P i 43—
F—NAFLD” 22 H. [ 2% (& 2) AL 5 116 A48y
MR 507 45, WINPT AR, IR R BAT WA
P 22 8 S PR [RIVE FHARRAE, 1IE S SBS Wik NAFLD £+
TEE A 2 0 3 EIMLE] . R A Network Analyzer
T HEEAT S FRFSEO T, LAY fBE(E (Degree) .
.M (Betweenness Centrality ) M 5% 5 e
P (Closeness Centrality /WENPEMN TR, MKPER 3 AF
PG 4, LIEEME T 3(Degree>3) N EBIMHE, ¥
AT R 17 PGSy . SE— 23 SRR
HEZ, P70k L R S . SRR AT- S R
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LS B AH HAE P27, 3B S 31T B
i I 2 S P EIVE A A O AR RE . 15 BT S
SRR 25 22 RN T SBS 443, /ST
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-® ' an
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Landerol 24-methyle @ = =
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Fig.2 Network of SBS-target-NAFLD
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G PE LAY Z ] (Y 86 A% 0 A AR AT A, SR A R X 3R
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tion) | 3k (Al £ 3k Y IE 4] J& 35 (Positive regulation of
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#% I8t (Nucleoplasm) . PN Jiit K il (Endoplasmic reticu-
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%3 SBS il NAFLD FE I s AR AE
Table 3 Characteristics of active ingredients SBS against NAFLD
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Fig.3 GO enrichment analysis of the targets of SBS
against NAFLD
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Fig.4 KEGG pathway annotation of the targets of SBS
against NAFLD
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Fig.7 Effects of sea buckthorn seed oil and its sterols
components on TC in HepG?2 cells (n=3, X*s)

{£: CON. M. A, B, C. D, E. F 7pllfUCFNS I 2L | B4, v
SRR 2 | VDR AL B R B R SO R A VD
HY SRR B P 700 e 2 | ML 5 R A AT- R IR A -
A1 IR B2, 50 IR L AR, #P<0.05; 5 KR T A,
*P<0.05; &l 8~I&1 10 [Al.

9 A1 10 Frow, H25 FAXTREZH AR L, 28 FFA 5
AP AENT AR ZH v 2 IR EE 11 (HDL ) ¥R B2 Ik 25 o
iR (P<0.05), {4 B I5 & H (LDL) ZK-F- W 25 T =
(P<0.05), RIS ZEELANMAR TR D ST . FE2Y
BeE T R, 255225 R B H XS HDL A1 LDL

BATEN , 25 VDS P | VA M D P A S Sty M e o R T L - 435 -
1.0 -
_ #
2 0.8
o
L0 *
E 0 6 = % * g *
—~ * %k * *
i 04 2 *
<6u 0.2 4
H
O -
CONM JPRRE DPPRE  OPRQS
A B C
WS (ug/mL)
1.0
2 08-
o
o0
3 0.6
=
£ 0.4
o
<6u 0.2 -
H
0 -
D E F
e (umol/L)
8 VDRI B H S WL/ % HepG2 4L TG (540
(n=3, X+s)

Fig.8 Effects of sea buckthorn seed oil and its sterols compo-
nents on TG in HepG2 cells (n=3, X+s)
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Fig.9 Effects of sea buckthorn seed oil and its sterols
components on HDL in HepG?2 cells (n=3, X+s)

AW R E . BRI, SEEAI AR L,
YL ORF I (40~160 pg/mL) . ¥0 5 i 2 9 oK &1
48 5l 53 (20~160 pg/mL) | Vb e §55 Bk 324 (10~



- 436 - Tk R 2026 4E 7 A
0.6 - #
3z =
a *
%D 0.4 * * ® ¥
=) *
=) *
i 9
<FE[0.2
—
=)
—
0- T
CONM QPPN DPRRE PPRRS
A B C
WE (ng/mL)
0.6 4 #
2
a * *
2 041 . o *
g ®
g/ * * * *
i *
<mo.z
—
A
—
0_
QDR O O MDD O D (O
CONM QPRRE VPPN DPPRRES
D E F
W (umol/L)
B 10 VRIokr-ii B L 5 Bl 4% HepG2 4N LDL HIFENH
(n=3, x+s)

Fig.10 Effects of sea buckthorn seed oil and its sterols
components on LDL in HepG2 cells (n=3, X=s)

160 pg/mL) . MF S B (20~160 pmol/L) . A7- 5 {5 fist
(40~160 pmol/L) Fll B-23 {1 I (40~160 pmol/L) 4k ¥
ZHEREH BEAOS M 2 25 T HDL & (P<0.05). 7
—J7 T, YPIHEFIR (80 A 160 ng/mL) . VLRSS WEkH R
PR LS NS (80 FT 160 png/mL) | b i35 sk 32
#J(40~160 pg/mL) . M ESEE(10~160 umol/L) . A7-
H{EE(10~160 umol/L) X f-43 {55l (40~160 pmol/L)
LbFRZH FIRE R LDL /K- (P<0.05) . DA 45
BB, T 2R R B 2] A 2060 5% Bg oA Gl
SH, o AT HepG2 4G B it s 1 77 .
SR FE UL ORI R R S B 43 X FRA i35 53
i HepG2 4 AR BT AR R 0520, 76T A 2 25442
AU L LAl B, 43k 40, 80, 160 pg/mL
AR VTR L VDR S BERH B ) o E 4 o R S F
VO S R SR AR L b R, IR 10, 20,
40 pmol/L FE R S B . A7-52 5§ BsF p-45 5 BE 1Y
SR IE, PEATINLT O Yol WA 11 iR, &5
X FE 20 20 IO 2 B H, A LA i g £ g T s 28
FFA #5535, BCAYZH 40 H v AR AR 25 2508, 4o,
AH AR, W NAFLD Uit ml g ohadsr . S5
ZHAH L, 25 25 A PEH A REAS [F R B b s 2 PN g
THUUER, (B4 X RAZE . I, v S msske 38 7
RAPR AT FR 52 7 TATSCRAIE T Jeor vl A0 b i £65 sk
PP AR LS ST AR SRS b, I S B Y
VEFI#E A7- 8 BEAn -2 il s oy W2 . A, i
22 g S B AR P ARy, BB TR B0, BET
I/ A Y ), Gl Ak, SRS BTFR R iy

JiE B R 52 IR (400%, n=3)
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