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H E: BW WREFGRIW (lisma orientale extract, AE) JH 3 Fh 32 B AR R X5 25 G i E  (free fatty acid, FFA)
7551 HepG2 AR 7 78V 20 A% 20 1) i o AR A Sl BT8R 5 O S 1 P Ll sk I FRA GHEIPR-ARARIR 2 1 1) 37
F2E 1) HepG2 R A 4N fuAR Y, CCK-8 VEIE AE. BIEWE A\ BFIERE A-23-LIRNE R FTEIE A-24- LB TEX HepG2 41
W% 45E; 7E FFA i SR % AE (25.00. 12.50. 6.25mg/L). FEREE A (50.0. 25.0. 12.5 umol/L). Fi5EL A-23-4
FRliE (25.004 12.50. 6.25 pmol/L). V5 EE A-24-Z W&l (50.04 25.0+ 12.5 umol/L) b3 24 h, W02 fa P g 75 (10 I B AR V0L, »
T A AR I s - A A S = H9h - Ceriglyceride, TG). SJIHEEE (total cholesterol, TC) 7K, DCFH-DA il 254
X 2 P P9 9 M4 Creactive oxygen species, ROS) Az B 152 M, 5K 32 771 &0 A6 W0 400 o Py 401 7 3 % B 4 A T 188
(malondialdehyde, MDA). &M H Ik (glutathione, GSH) /KT UL KA Y BLEE (superoxide dismutase, SOD) ¥4
KH Western blotting #8584 B IEG FA YD IS 5244 o (peroxisome proliferator-activated receptor o, PPARa). PPAR F£i%
7% A F-1o (peroxisome proliferator-activated receptor gamma coactivator-1a, PGC-la) T ii7 g B & S A0 A1 AE [ B AR A o< 5
A R T g0 2 A 7 2/ 40 B N4 HF-1 (nuclear factor red blood cell 2 associated factor 2/hemeoxygenase-1, Nrf2/HO-
DIEBEARIE R SXHAE, HepG2 G240 AR 4N TC. TG ROS & MDA 7KF & ZF 5 (P<0.001),
SOD &M & GSH /K F A% (P<<0.01. 0.001); [FIRF, 409+ PPARa. PGC-la. PIBIAAHHELFSF2HE 1A (carnitine palmitoyl
transferase 1A, CPT1A). BEIEHHEF A #ALEF 1 (acyl coenzyme A oxidase 1, ACOX1). Nrf2 Jt HO-1 & HRIEKT E3E FFK
(P<<0.05. 0.01. 0.001), HHERIALLI, AE. FIEE A RIFERE A-23- LIRBaA A A I8 . TG Al TC /KT 83 T
(P<<0.05.0.01.0.001), AE. FI5HE A RFSEE A-24- LIRTRAZIA MM ROS K& MDA /KP4 i 2 B4 % (P<<0.05. 0.001),
SOD & A GSH /KFRE T = (P<0.05. 0.01); &4 Zi2H41+ PPARa. PGC-la. CPTIA. ACOXI. 4liffit4 3 P450
7A1 (cytochrome P450 enzyme 7A1, CYP7A1). Nrf2 } HO-1 R EARILKFEE L (P<0.05. 0.01). £ AE. 5
A, PRIERE A-23-Z.FRHE S RIERE A-24- ZFRES T LLILEE FFA % 1 HepG2 AR 25 P 40 B R 20 1 g SR A it B SEUAL S 38 5 5
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Abstract: Objective To explore the ameliorative effect and mechanisms of Alisma orientale extract (AE) and its three primary
components on lipid metabolism abnormalities and oxidative stress in free fatty acids (FFA)-induced HepG2 steatosis cell model.
Methods A HepG?2 steatosis cell model was established using FFA [oleic acid-palmitic acid (2 : 1)]. Safe dosages of AE, alisol A,
alisol A-23-acetate, and alisol A-24-acetate for HepG2 cells were determined using CCK-8 kit. Simultaneously administering AE
(25.00, 12.50, 6.25 mg/L), alisol A (50.0, 25.0, 12.5 umol/L), alisol A-23-acetate (25.00, 12.50, 6.25 pmol/L), and alisol A-24-acetate
(50.0, 25.0, 12.5 pmol/L) treatment for 24 h under FFA induction, the formation of intracellular lipid droplets was detected; Levels of
triglyceride (TG) and total cholesterol (TC) were assessed using biochemical kits. DCFH-DA assay was utilized to measure intracellular
reactive oxygen species (ROS) generation. Malondialdehyde (MDA), glutathione (GSH) levels and superoxide dismutase (SOD)
activity as indicators of oxidative stress, were also determined. Western blotting was employed to detect the expressions of peroxisome
proliferator-activated receptor o (PPARa), PPAR coactivator-1a (PGC-1a), and proteins involved in fatty acid oxidation, cholesterol
metabolism, and nuclear factor erythrocyte 2-associated factor 2/heme oxygenase-1 (Nrf2/HO-1) pathway. Results Compared with
control group, HepG2 steatosis cell model exhibited significantly increased intracellular TC, TG, ROS production and MDA levels
(P <0.001), alongside reduced SOD activity and GSH level (P <0.01, 0.001). There was also a decrease in PPARa, PGC-1a, carnitine
palmitoyl transferase 1A (CPT1A), acyl coenzyme A oxidase 1 (ACOX1), Nrf2 and HO-1 protein expressions (P < 0.05, 0.01, 0.001).
Compared with model group, AE, alisol A and alisol A-23-acetate led to a significant reduction in intracellular lipid droplets, TG, and
TC levels (P < 0.05, 0.01, 0.001); AE, alisol A and alisol A-24-acetate decreased ROS and MDA levels (P < 0.05, 0.001), increased
SOD activity and GSH level (P < 0.05, 0.01). Furthermore, the expression levels of PPARa, PGC-1a, CPT1A, ACOX1, cytochrome
P450 enzyme 7A1 (CYP7AL1), Nrf2, and HO-1 proteins were significantly upregulated in each administration group (P < 0.05, 0.01).
Conclusion AE, alisol A, alisol A-23-acetate and alisol A-24-acetate effectively mitigate lipid metabolism abnormalities and
oxidative stress in FFA-induced HepG2 steatosis cell model. The mechanism maybe involve modulation of PPARa and Nrf2/HO-1
pathways, thus enhancing the fatty acid oxidation and cholesterol metabolism, and reducing oxidative stress.

Key words: Alisma orientale (Sam.) Juzep.; alisol A; alisol A-23-acetate; alisol A-24-acetate; free fatty acid; non-alcoholic fatty liver
disease; lipid metabolism; oxidative stress; peroxisome proliferator-activated receptor o; nuclear factor erythrocyte 2-associated factor
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T 28 AE AN I35 A S JH [ B Ctotal cholesterol, TC) £
RO A2 /)N BRBA S HG 0ol XU PPARovy BB 7
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24, g EREEEARRR D g, Hk5E
R, BEEFKBIE. i B 2o5 R Al /E
R4, IUARIG R TR, HHE A0
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B-23- LI B A5 K IR AT HT NAFLD %1%, HAEH
BLH AT BE 7 5 MR B 3 Bl 2RV B BE X 24k
(farnesoid X receptor, FXR) HI0E A 18191, AR
FZE R HAAE BES 25 8 I g 7 2 S 7 PR 75 B A 7
HORIL, ISR A RIERE A-23-LIREEFIRTS
A-24- 7, T T 2 V5 k45 T A FH A 32 B %,
gy. TEREERL b, & — RV T2 H LA,
BRI T LLFER A, FERE A23-LBREEAGFEERE
A-24- C TR T R EE A RS Y (Alisma
orientale extract, AE) 200, ZHF 78 DL B3 AR I R (free
fatty acid, FFA) #5357 HepG2 M 1522 11 4 ffu A
B, B8 AE S 3 Fp 3 B R S) X HepG2 JiE i
PR G M ASE Y () 5 1 B AL, DA 9 AH K
BT B4 E A
1 #R
1.1 ZREa%E

HepG2 ZH [ E #iriT 35 ZR 40l A5 PR A 7
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1.3 ZA@m5iE

BB A UREDE99.22%, #L'5 149027).
BN A-24- LRI 5T 7 $0=98%, L5 150961)
) H 3£ E MCE A#]; FIEEE A-23-4FE (FiEsy
$=98%, L5 CF9236). 4HIfaR P450 i 7A1
(cytochrome P450 enzyme 7A1, CYP7AL) fifk (it
5 AC7948) T H 3= Biorbyt AF]; A iig (it
5 2059458CP ). 0.25%# 1 (#L5 2465621).DMEM
R FRIE (LS 20220928) 1 H £ [H Gibeo A ;
BN PBS H7) (JibS J103KA7999) W H4ET 4
ML (R BMhrAERAR; MR (s
921V038). FRIHEREN (k5 924V021). 4-1fLiE H &
' (bovine serum albumin, BSA, it 5 1122G022).
A O ¥ (fbS SLCK1135) 1 H 34 [F Sigma 2
Als M5 A CCK-8 7l (k5 12142220230519).
R BCA & A& (S 202211010, &

% (reactive oxygen species, ROS) Filli{7 & (it
5 060722220624) W H _EiEEE R RAEVEARFIRA
m; ZMEH M Ctriglyceride, TG) PG (Hit
5 20211112) TC RrllikFl& (5 20211112),
SAMH L (glutathione, GSH) # A5 & (fit's
20230918) W4 B U RAEVIA IR AT HELY
b (superoxide dismutase, SOD) iRX7f)#&r (L5
1026786-4). P [ (malondialdehyde, MDA) i
i (5 1032673-1). ML ENAR-1 (heme
oxygenase-1, HO-1) Fifk (4it5 1011567-2). HAH
PESE S A ALl 1 Cacyl coenzyme A oxidase 1,
ACOX1) Fifk (b5 1032699-13) PPARa HiifA (it
5 1012132-1) AT (R A5 HRAA;
PPAR 3 7% Al ¥ -1a ( peroxisome proliferator-
activated receptor gamma coactivator-la, PGC-1a) $i
i (5 5. WBRER RSB 28 1A (carnitine
palmitoyl transferase 1A, CPT1A) Hifk (Ht5 1.
HRP trid (I 2Edi e 1gG difk s 30) 1 H K EH
CST %] ; #% KT 2140 M0 2 55K -F 2(nuclear factor
erythrocyte 2-associated factor 2, Nrf2) Pifk (L5
YD3883204) 43 [H Invitrogen 2 o

14 (Y&

MS1003S A7 K1 [ -2 R 2 A 8s (k.
EEOABR 2 w] 15371 B i35 77 468 (32 [ Thermo
Fisher Scientific /A %] ); Flex station 3 7 £ IhREREIR
CER A (Bl AR A F]]: SCIENTZ-IID
RV AR AL CT 38 Z AR R A TR
v F]); Power PacTM HC B HEik{X . Trans-blot SD
T2 T8 B4 . Universal HoodIl Y %A% A% 6 &R
i (3 Bio-Rad A H]); 5810R 2 i vA vk 25 Lo pL
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2 FEk
2.1 AE H9%I&
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60% L FE-IRIR R VR S ) I BRI, R 2 2
4 ‘C, 24h J5h0 N\ NaOH W45 pH{HZE 5~6, A
FETFKEIRE R 40%VE R, FH DM130 K
FLIR IR BRI 7E C A, 45%~55% L BEDEM, e
VeBUE IR T1, K RE I T A T BRI R £ e i
7l WAEIFAE 70% N HZE T4 72h, RIFF AE By K.
SR FHTC 28 A0 B ARSI 245 1R SR v 250 BAH £ 33 A1
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FRERT AE (1) 3 M B & B ATIE . illAx
PPy 235 nm, AFIREN 1.0mL/min, N
30 C.
2.2 pEEESE

HepG2 40 FH 7 10%M16 4 3% & 1% 55 %= -5
BRI FE DMEM 859238, 78 37 C. 5% CO,
P Yl A
2.3 HepG2 RERF S M 4MAARBY 3 3T

B AE KU HepG2 4, DL 2 X 105/4L%
FhT 6 FLAR, 4HBRIGEE S, IO AN [EIAR B () FFA (i
FR-EAAEIR 2 ¢ 1) A5 1 mL, XTI 1 mL
DMEM SR FRfE gk sl ff, 37 CHRiFHMEME 24 h
Jeis ALV A P A i B R .
2.4 CCK-8 3:#&M FFA. AE R HIF BB IKE Xt
HepG2 #fE 8IS0

B B K I HepG2 40, L 1X 10441
FhT 96 FLAR, ZHARINGEE S I FFA (0.25. 0.50.
0.75. 1.00. 1.25. 1.50 mmol/L)+ AE (0.781. 1.563.
3.125. 6.250. 12.500. 50.000. 100.000 mg/L). ¥
T5EE A (0.781 1.563+ 3.125. 6.250- 12.500. 50.000-
100.000 pmol/L) VS HE A-23- IR ER(0.781.1.563
3.125. 6.250. 12.500. 50.000. 100.000 pmol/L)
FEVGIE A-24- 21208 (0.781. 1.563. 3.125. 6.250-
12.500. 50.000. 100.000 pmol/L) ] DMEM 5 4=
Ak, RWENBH AELY) MEEH Ak
P E 259 . [ 3 ANESL, #E 24h, 5L
B 10 puL 1) CCK8 k57, #¥E 2h /5T 450 nm b
REROEE (4D 15, THEFE R,

IHMIAETE R =(4 20—A we)/(A wu—A )
2.5 AR TC. TG SEMNE

5 “2.37 TS HepG2 g A PE4H A
R, fEFE S E I AE (25.00. 12.50. 6.25 mg/L)
PEVERE A (50.0 25.0. 12.5 pmol/L). FEVEEE A-23-
LFRME (25.004 12.50. 6.25 pmol/L). VEVEEE A-24-
LFRTE (50.04 25.04 12.5 pmol/L) X 40 ffl 47T T,
HIRBASGAHYXTIRA, WHE 24h 5, LR
SUHPREN S AN TC. TG & &,
2.6 ZHREALZI O F&

Fel8 “2.57 WA AT 2, W E 5ERR
&, FEFEBEIRIE, YA PBS iEVE 2 K % PBS,
TN 4%Z R HEE, ZiRFEE 30 ming FEZEH
%, F ddH,O EPE 3 ¥k, JIA 60% 5% N EEERE 1~
2min; A EFARE, FILIMA 2 mL W4 TAER,

WEGYLE 20 ming FEPR, ddHL0 I5%E 2 KB
BiEH . AN E ddH0 J5E T8 8 s
B, BEALER 3 MLEF, F Image J #4455 AR
BT 4.
2.7 AP ROS 7KFENE

F R “2.57 WA MO EAT Jb B, 9 5T R
Ja, FEERGFRE, PBS WEE 3 Ik, BEALIIA 1ml
DCFH-DA &M, 37 CE#YEIE 20 min, JCIf
i DMEM R:FRBE0esk 3 Ik, WOt T g
AE DU AIR, BEALEE 5 MREF, F Image J &
X R B AT St
2.8 4HREA MDA. GSH &8 % SOD SEMME

TR “2.57 WA AT 45 2, W SE IR
Ja, G E U X 4N MDA GSH & &
J% SOD & AT Rl o
2.9 Western blotting #] PPARa. PGC-la.
CPTla. ACOXI1 ¥ CYP7A1 EHKIL

R “2.57 T AN AU AT 4 2, W E SR
Ja, ¥ PBS 2K, 72 PBS, LN RIPA ¢
FER 100 pL, UK 24 20 min, WELIISEH,
4 °C. 14 000 r/min &> 10 min, H{ B3, F BCA
WAEHTEAE R EEFEME 4%~20% T 5t
FEORIREN- R NG B eI Fa vk, ¥ % PVDF Ji,
TBST %k 3 K, S%BNRZEGEA 2 h, 43
B-Tubulin (1 : 1000). PPARa (1 : 1000). PGC-la
(1:1000).CPT1a(1 : 1000).ACOX1(1 : 1000).
CYP7A1 (1 :1000). Nrf2 (1 : 1000) } HO-1 (1 :
1000 Hifk, 4 CHFHEIER, TBST ¥k 3k, —
Pt (1:10000) ZIGEPFH 2h, TBST Bk 3 %, I
A ECL &5, T Chemi Doc XRS &4t 541
M, Image J BAFSEIT K EEAE
210 FitEDH

B A X £s KR, KH GraphPad Prism #ff
SRR AT b, IR 22 R B R R R T 22 A0 HT
3 H#R
3.1 AE BT

WE 1R, SE AE ¥R T ERGEEE A, B
15 A-24- IR AN TSI A-23- TG 3 Fhig AL
GV TR HON 85.83%.
3.2 A[EFIE FFA %t HepG2 ZRAfIAS FRE TR A2

Wi 2 Frow, WL L LEA BB 2 40
JEW, BEEGEHBIKREM 0.5 mmol/L JHEE 1.5
mmol/L, £ €5 i AR B n, Hiab s TR
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t/min
1-PRISEE A 2-FV5HE A-24- LR 3-VPEISIE A-23-LHRTE .
1-alisol A; 2-alisol A-24-acetate; 3-alisol A-23-acetate.

El1 AE(A) RXB&EFR (B) B HPLC EiE
Fig.1 HPLC of AE (A) and reference substances solution

(B)
-

X i 1.50 mmol-L~' FFA

1.00 mmol-L~' FFA 0.75 mmol-L™' FFA

1.25 mmol-L™! FFA

TR . FIFH Image J 3AFREAT E B4 HTE
GraphPad 3 it 47 40 1) 22 5 PU s e R B, SRR
i, &7f&E FFA 53 MM RS R A BE % R
(P<0.01. 0.001).
3.3 FFA. AE REB KU EYIXS HepG2 ZHARIE S
oAl

WK 3 fior, SIS, FFA. AE. &5
B A\ FEEIE A-23-CIRBEFIETE I A-24- LR IE 77
SIFE 0.75 mmol/L 25 mg/L. 50 pmol/L. 25 pmol/L
F150 pmol/L K& LA™ ¥R BE X 24 i 77 7 BH ¥ 52
Sh4 “3.27 TUSEER 45 R, 1%+ 0.75mmol/L /) FFA
VERgiE s, AE (25.00. 12.50. 6.25mg/L). ¥
TERE A (500 25, 12.50 umol/L)+ ¥RV5EE A-23-2./
fig (25.00. 12.50. 6.25umol/L) FIFIERE A-24-2,
FRliE (50.0. 25.0 12.5 umol/L) 1E L2571 EHEAT
JE BESEE

254
X 40

Jlg i FE X TR

X 150 125 1.00 075 050

FFA/(mmol-L™")

0.50 mmol-L™' FFA

SR A LS "P<0.05 "P<0.01 “"P<0.001, Kl 3[[.
*P<0.05 "P<0.01 ""P<0.001 vs control group, same as fig. 3.

B 2 F[EFIE FFA X HepG2 fRAEAR RETRHIFM (X +s,n=3)
Fig. 2 Effects of different doses of FFA on lipid accumulation in HepG2 cells (X £ s, n=3)

34 AE REBHKKEYIXS HepG2 4N TC. TG
BEMEN

W 4 FioR, SRR LR, A ZH 40 Y TC
TG K TFHEZETE (P<0.001); SR,
AE (25 mg/L). 5B A (50, 25 pmol/L). {5
BE A-23-ZFRME (25.00 12.5 pmol/L) FIFTERE A-
24- R MR (50 pmol/L) 554N TC /K344
FZEK (P<0.05. 0.01. 0.001), AE (25 mg/L).
FEVEIE A (50 25 pmol/L) AIFTERE A-23- 2 FRTE
(25 umol/L) A ZHAIMN TG /K- RZFFFK (P<
0.05. 0.001).

35 AE RHEBHFUEYT HepG2 HBEAERER
ZppA

WK 5 Fros, SR, A4 HepG2 41
o K AT B g (P<<0.001), 2 WIRA Ry 7
BRI, SRR, SR AN A R
BYEG, H AE (25 mg/L). PI5EE A (50, 25
umol/L) FEV5IE A-23- .1 (25.0+ 12.5 pmol/L)
LUHAM R R S B SR AR E I E R
(P<0.01. 0.001), 454 “3.47 WigE R, JE8EsLitik
4257589 AE(25 mg/L) V5 EE A(25 pmol/L) -
FEIGEE A-23-2 0805 (12.5 pmol/L) MK ZFTERE A-24-
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3 FFA. AE. ¥5E A, F5E A-23-ZF4RE. i¥I5E2 A-24-ZEABExT HepG2 MRRTEERMEM (X s, n=3)
Fig. 3 Effects of FFA, AE, alisol A, alisol A-23-acetate, alisol A-24-acetate on survival rate of HepG2 cells (X £ s, n=3)

1.0
Wi
0.8 T
1 —
Ten 0.6
° 5k
£
E
O 0.4 sk RAK
)
0.2 -
0 | R A L
S 7 25001250 625 500025001250 25001250625 500025001250
AE(mgL")  BEERE Alumol L) PEEREA23-  FEREA24
Z I (umol L) Z Fidi/ (umol-L )
EXIEAH R *P<0.05 *#P<0.01
P<0.05 *P<0.01 *#P<0.001vscontrol group; "P < 0.05
& 4

TG/(mmol-g™")

#p<0.001; SHAALLE: “P<0.05
*P<0.01

1.0

0.8 —

#HiH#

0.6 —

0.4 —

0.2

| L.

0 T | — T
Xl A58 25001250 625500025.0012.50 25001250625 50002500 12.50
AB(mgL") VFEREA(umol L) FEREA23-  FEGHEA24-

2 ol L) Z i/ (umol-L ™)

*P<0.01 "*P<0.001, ~E[H.

P <0.001 vs model group, same as below figures.

whk
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Fig. 4 Effects of AE, alisol A, alisol A-23-acetate, alisol A-24-acetate on TC and TG contents in HepG2 cells (X £ s, n=3)
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