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KT (BT 43 45  BIpin)  INAREEFIA
BT, T od 07 v 5 2 e B C21 BERE 1R H o 1 3
A= W R PR 5123 (CGMCC, % 5 : 13907 , ' [
At ) PR, A 20 o 98 40 L (HepG2 cells) ,i-
Cell Bioscience (H[E ), Rt EALAE T
& EH b =R a R IR R & P R R
S AR ) AR S T A e M R & A D iR
& AR AW AR A, b R R R
ABRA T BCA & M &, At s E A HE AR A
RS H] 5 CCK-8 2t M3 o i) &, i A 28B4
ARA R T AR , 92 Sigma—Aldrich A9/ 7
A H B . DMEM 1% %% | 3¢ [F Grand Island =4
Nl B4R, 32 E Omnimabs 42 9728 7 ;8-
actin PPARa $i#K, 25[H Santa Cruz W AR H
FR/Zsw] . IRST\GLUT4 $ifk, 3£ [E Abcam EY A
A,
12 UR5EH

ZWYR-2102C ML HVIE AR , L0538 5 BT Y
il 75 AT BN 7] ;SX =500 B A7 3R Sy 25 OK
By, HAS Tomy Koqyo 2 F] s N-1300 % B2 Jig % 7%
BAL, HAIR 5 PEAL AR AR 20 25 4 3K15 7 g ik
BURESOHL, 15 SIGMA 24 & ; VICTOR Nivo
fiti 1% , 5& [ PekinElmer 23 7 ;Leica DM IL LED
RIS B WA, TEE MR A R 51501 Y 4E R
CO, 41l f 5% FE 44 |iBright CL1000 %I % fig i 1% &
4t , % [ Thermo A H] ,
1.3 Fik
1.3.1 FEAHIE  E G PR R 1:5 A ZE
K& B pH B 4 W R B3R 9L, RIE K S
T K 5 B AE 57 3R ) 2K B T 121 “CK T 20
min, ¥ ) 2 5 5 AR 5350 10% 09 e 37 5
& YERERE C21 (107 CFU/mL), 7€ 35 °CF & B 60
ho [FIEE Ke A5 5 o 7 o B 4ERERE C21 (19 20

TEF— 0 T AT H R B IR A5 E 121 CKA
20 min, 12 000 r/min &.0> 10 min J& , WAL EEE
# I 7% W (Fermented okara supernatant, FOS)#ll
AR W (Non—fermented okara super-
natant, NFOS), We# 28k ZWEFEW G B % T
i & ORI R SO RS R

1.3.2 WEPERLA R F PR A7k, X NFOS
FFOS Hn] ¥ v SO B s IR RS
GATETR ST RS T A T T B e A T A
1.3.2.1  AlstE SR & | ryile i B IR 2K 5
P E NFOS Fl FOS H iy il i 4 2 05 & =1, 78
2 mlL A I AR A TR RE SR P I 1 mL 2R
1% (6% ) F1 5 mlL Y AR AR , 1R 4 7 & 30 min J5 T
£ 490 nm A= G

1.322 @S EEENE ] 3,5
IKAB TR Lb 1 (DNS) M 2 NFOS 1 FOS Hr #9385
Bt FE 1 mL A o A 20 B VRORIRE S
JIA 1 mL DNS U5, 1850 J5 W K 5 min, 1% 40
JE A 8 mL Z817K, TR 540 nm Ab M 5 WO
B

1.323 AalEtEEA S ENE [ BCA 1 &
W7 NFOS #1 FOS i ] ¥ R 8 1 i

1.3.2.4 VBRI Sl 8 e = s
5E NFOS 1 FOS H i i 2 2 A2 & 17, 7E 1 mL
B iV YRR B o S SRRV W N A 3 mL K A B
A 0.1 mL PR AR L 0 2E % B KA 15
min, HUBJGARKIEEO ML, REEEANH
60% L BEE 2 % 20 mL, T K 570 nm 4b 52 W
JCEEAE

1.3.2.5  SVEE &R E A AICL ek
FE NFOS F1 FOS 1% 5 8 i & 508, 78 1.0 mL
THRUWER AR W IMA 0.15 mL NaNO, (5%),
#HE 6 min S 0.15 mL AICL(10%) , P UK 5
6 min, i A 1 mL NaOH (4% ) J& F] 95% Z. I 7& %%
Z S5mbL, IREHEE 15 min J5 T UK 510 nm 460
FEWRE

1.3.2.6 EWB&=ME i Folin—Ciocalteu %
72 NFOS Al FOS H 0 s 1 & =% 7% 0.5 mL %
1 R br 1 WRVRE S 3 W A 0.5 mL A8 AR 9
A1 mL Na,CO3(15%) , ## & 30 min Ji7 3 000
r/min &0 3 min, WS T K 760 nm AL
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1.3.3 $rEfbiEdE 2% 0k RME2H
177, I LAE B XF NFOS (0.1~1 mg/L) #l FOS
(0.1~1 mg/L) AT T A AL TE PRI | 9 21 3 50 15
3 P47, LA VC R BT I8
1.3.3.1 ABTS FHE + A 2GR 2 4 ABTS
(7.4 mmol/LYEW 5 K,S,05(2.6 mmol/L) 1A W #4244
B 1:1 A, #@OLH % 12 h J5 ] PBS(pH
7. 4) i B B IR WAE DK 734 nm AW G EE R 0.7+
0.02,75 % ABTS T/EW . # 0.5 mLHEMHK S
0.5 mL ABTS TAEWIR G5 KN 6 min, THK
734 nm AL E WOERER . 4% 2K (1) 35 NFOS F1
FOS X ABTS PHE + H H B 1 IE bR,

ABTS FHES FIEFR% (%) = [1-(A =A,)/A;]x
100 (1)

oA R A WO B A, D AF i PBS
R ABTS TAEW 0 WG A by 55 1 DEE K AR
BRI OGRE
1.3.3.2 DPPH A HIEIH R A 0.5 mL FF it i W
5 1.5 mL DPPH (80 pg/mL) Z BB IR A )5 = iR
RGN 30 min, TR 517 nm &b % 0% ¢ &
. #%28(2) 35 NFOS il FOS %t DPPH [ i 311

DPPH I H 5 BR3 (% ) = [1-(B,—B,)/Bs|x

100 (2)

By B A O B 5 B, S A5 TG K
L EEAEF DPPH AR M WO FE 5 By o 45 1 WUF%
TRACEAE S O RE
1.3.3.3 WAMIEFHRE 0.4 mL H 5N
A 1.2 mL Tris—=HCI (pH 8.2,50 mmol/L), 1R >] J5
25 CR N 20 min, Sl A 0.2 mL 4B 2% = B (25
mmol/L) JZ ¥ 5 min J& ¥ /il 20 L. HC1(8 mol/L) %
S5, TS 420 nm A0 T 5E O BE(E , #5228(3)
5 NFOS Hil FOS X 68 0B B 7 1 bR %

A E TIEBR R (%) = [1-(C,-C,)/Cs]x
100 (3)

K., Rl ue 41 0 O BE 5 C, Ty 55 1 LR
IRACER SR 2K = B VS W WG BE 5 € R &5 i XLFE K
PP SR RO
1.3.34 BEHMEAEFREMY 0.5 mL FEME R
JA 0.5 mL FeSO,(9 mmol/L) 0.5 mL. Z B%-7K#

12 (6 mmol/L) 1 0.5 mL H,0,(8.8 mmol/L) , 1R~ )5
37 CHE 15 min, TP K 517 nm AbW & K6 &
{8, #%3X (4) 1158 NFOS 1 FOS X352 1 i 3 119 3 B
BAMEERE (%) = [1-(D,-D,)/Ds]x
100 (4)
KD, R WO D, S S R JEK
AR LB —IK A PR VS W W WO BE 5 Dy o S it
MR IRACEERE S W6
1.3.3.5 ShrEfLnE 1l E  NFOS A1 FOS Y &
P A Ak BE T e BB AL e 0 & U B 5 2R T
M
1.3.4 418 55 3% HepG2 41 I 75 5¢ 4 &% 3% 3t
(DMEM, &0 10% FBS 1% %5 R M55 £ ) h
Bt BE IR N 37 °C 5% CO,, MaifERK =
R 80%~90% T, 37 L 15 57 W, PBS #hik T+
i SR I R AR A AR M B R, ARG & 0.25%
EDTA 119568 (B /L 400 90 s, F1H 2 AR
SEA R IR IR H AL, 1 000 r/min B0 5 min J51%
R
1.3.5  ZAUAvEREI AR AR S T, B R AR
e R 1x10°/mL B 20 A2, 100 WL B L2 )
96 fLAk T, AR FE 24 h J5 W 5 3R 3L PBS
YR 2 W, IR TR & 0 B 5 AR BE 24 h (NFOS
F1 FOS:50,100,200,400,800,1 000 pg/mlL; 2
(0A):0.1,0.2,0.3,0.4,0.5,1.0 mmol/L) , X B £H Fi
DMEM 53 B, i 9% 24 h R s X5 A
85 R 3 ERAFLTT A 100 pL & 10%
CCK-8 1Y) DMEM #5 £ B IJFWEH 2 h, 7EH K
450 nm A0 5 BEASFLEYOGIE (OD) , AR B X
HoNEEAL,
1.3.6 =i HepG2 4 M AV i 7 &5 BF HepG2
2 M AR Fl Tl R R 5 BE 2R 1 (OA-BSA) IR i =
g 78 6 mL NaOH (100 mmol/L)¥E W A 38
wL R (OA)FF7E 75 CF KAk 30 min, #l45
A% 20 mmol/L 1) OA ¥ . £ 5 mL PBS il A
1.2 g 4= 3% F1AE 11 (BSA ), 55 CBI 30 min, & %%
% 6 mL il & M 20 mmol/L Ay BSA I W . # 20
mmol/L 1Y OA V& A1 20 mmol/L ) BSA ¥ W 2 14
U 11 IR 4A, #1145 A% 10 mmol/L ) OA-BSA %
W, BT H DMEM 355 2 B 2 0.3 mmol/L,
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1.3.7 K &5 B HepG2 40 Jid v 55 JF 453 45 A b A
A LM AERICY ¥ HepG2 4L 1x107
ml % RN 2] 6 fLAR ISR 24 h, ARG H 0.3
mmol/L. OA 55 24 h, BB E H & 100,200,
400 pg/mL NFOS FIFOS 1) DMEM % 5% 5 17 24
h, WS 4 LIS 7E VKA S5 08 T 400 WO 75 R 5
s, PFU 5 s, HA 30 IR, A L AR VEAE 12 000 v
min 5.0 30 min JFUCE DS, A S TR A
it | A Bl g R L R O S 1 9 e DA B o =
P | A L1 2 5] 250 W T AR A R PO D e e TR
BT & U AT 5 | 4% R BCA 250 & i it B
E LIEWP R R
1.3.8 £ O s FHIMEL O GL i X 240 A i 17
gutn ORI N RE BT B, & 1.3.5 5 h
(77 AR 24 LA B 37 20 0, T 10045 S R L 4
L PBS w3 ¥k I I 60% S 75 B R 3 b Uk 20
s, SRJG FIVEL O YL /e = iR T LY A 20 min,
Yt J5 37 2 e R, AL 220K gk 5 R, BRIk
1 min, f¢J5 , F Mayer 95 AORS e 68 i P 42 2 30
s, I H A SRR e 5 K, LB 2 oK oy Ja 1 5%
TR B I AT Y g, Ak, LA L
mL 5 NEE(100%) , 7E % T & & 10 min, 78507
fifr 2 ML A 2T O Y JS 7E 510 nm P T I =
B RE
1.3.9 P RIRKERI  FEU 84 10 £5 20 20 g
A 300 L RIPA 2, 7K L 24f# 15 min 5
12 000 r/min #.L> 30 min, Y& FIEW ., 4 BCA
R G0 A Bt E A R SR, EOE
e F A R B — R TN T I BE S (SDS-PAGE)
Loy E R R 8] PVDF B L. H 5% BSA Bl =E
BB 1S5h G T 4CEMHETHE P 12h, —8t
ST 25 CHAMFTME 90 1.5 h &4 H
PHEMG RGN, I Image ] AF &AL
EARE, EAMMNERAREAREARLIREY
B-actin Kk FEZ I,
1.4 HELE

PR TR 3 Ik, 45 R DL S b5 o 25
FoR, (I SPSS 27.0 B Ak T A Ab B fd
GraphPad Prism 8.0 #fF2xiil K13, Hrp P<0.05
FORMEARMEAA BE 2R,

2 HBR55W
21 AEBWNEELFHEPEERS BN
AWFFEM E T NFOS F1 FOS ] ¥ v S |
7Y AN RES o e & - Y s R S SN
6 FIBEATE MU 1 & i, SR WUR R R
o T T R T T R R A S R DL
SR P SR R AR O B X S
ZH R FE — B B T v T v A R B C21
W) & BEREff T Sl TP IR MRS A 4, (LR
AT PERE 2T 4, R FOS rhiif B8 2 2 iR &
St 14 I8 3 AR v R SRR O i SRR, wi
IR D s W v AR RE C21 R4 T R AR
AR IR A AR AT 3 e o A i Y B AR
1,

%1 NFOS#I FOSEAXFMERTER
Table 1 Basic active ingredients content

in NFOS and FOS

NFOS FOS
%1% 10.57 £ 0.10" 12.26 = 0.04°
T S (mg/g)  435.53+0.25" 49442 +1.22¢
&R A8/ (mg/g) 138.30 + 0.40" 39.61 £0.78"
TE & G/ (mglg) 105.13 £+ 1.21* 97.23 £ 091"
# & 2/ (mglg) 0.88 £0.11" 5.35+0.12
% % 8/ (mg RE/g) 9.14 £+ 0.46* 8.81 +0.64*
E®/(mg GAE/g) 3.24 £0.11° 3.78 £0.12¢
G LAV BB 55 1 22 ROR (n=3) , [/ — A7 A ) 2 B 3R0OR 22

U
FRFEP<005),
22 (%BESTEELFRMRALEN
FEFE 1 IR 25 bl DL B K I 0 25 4
T FOS Hh iy SO i B8 S L e MR T X
L R T M= N S v - Y (T 71 = A AR LK O S
S IALA Y, Y PR AT AR T
Ho &AM w, A5 E 1
NFOS 1 FOS %I ABTS FH# T At % .DPPH A
B BB B TR A R EBR AR S, IR T
ZHEBRYURILEE ST B 1 AR FEE NFOS
FOS Jii = vk B i3 m, Hoxt | il B0 B R B AE
Thi o 5 NFOS AL, & B & $2 7 T FOS M4
3T P (P<0.05) , 3% — A8 b 78 R & I Wk K 1
0.4 mg/mL B AT H 0 B 5 O 7E FOS it ik B oy
1 mg/mL B, %t ABTS FHE F A i 5& \DPPH H



25 2

KW 2 LR AT % 0 HepG2 4 o 48 s 4K 8t 69 %5 v 83

B OBEAE FMEZEAREBRERES NN
58.26% ,39.34% ,69.88% 1 48.45% ., [A|If , A ik
M E T NFOS F1 FOS 0y @bt /b e 1, T

x
E — VC
# i 150~ BE= NFOS
& =5 mm FOS
o2
il
£ 3
{0 —
£
P o
HE
= g
g2
98
L 0.1 0.2 0.4 0.8 1.0
e PR B

Mass concentration/(mg/mL)

(a)ABTS [ 7 A th 3L bR

NFOS,FOS ) Bt EAL e ik e 7 39.15% , R
8.57 wmol Fe*/mL,

= VC
Iy
T 150 Bl NFOS
<
W o . FOS
&% =
52 100
@ 2
£ 2
m
= £ s0
e
& ]
e
= 0
= o1 02 04 08 10
O vk

Mass concentration/(mg/mL)

(b)DPPH [ H BT B R

g = Ve Y . | VC
= 2 B
& 150 BN NFOS E B NFOS
B :‘Ez Hl FOS 5 %D B FOS
&5 & 2 1001 a a a
Hr = X0 a
5 o A I
3 AT . b
= £ o2 50 " " b o
g c $ 2 pb | b2 b
5 g
g = 0.1 0.2 0.4 0.8 1.0
= 0.1 0.2 0.4 0.8 1.0 = - : - - .
193} . g g g B : ):pﬂ‘\ -
o ik v i S 74
Mass concentration/ (mg/mlL,) Mass concentration/(mg/mL)
(c) S B B 73 B % (d)F2 Ay BRI R 2
201
- a
ES T
g 15
o=
SECE
qm E g‘\
T;}’ E2 10r b
~ ®o—_
= £ o
g3 5L
=
i)
E
0
vC NFOS FOS
(e) Bnbi s fbne fy

FE AN PR RN PR ] 22 53 13 (P < 0.05) ;e &1, VC NFOS 1 FOS YR 2 W JE K 1 mg/mlL,

1 NFOS #1 FOS HyH & gt

Fig.1

2.3 NFOS #1 FOS %t HepG2 4 Bt i 14 i £ Wi
fi FH A W) 500 & 69 90 B2 NFOS Fil FOS 1 T
HepG2 411,24 h J5 F CCK—8 A8 M 75 4G ) H: X3 41
MOAF 15 R A5, 25 A 2 7R 0.3 mmol/L L
PRI TR 2 XoF A0 LA TG 7 A A S s ) LU

Antioxidant capacity of NFOS and FOS

E B MR N 0.3 mmol/L 19 1 R 1E 4 &5 1§ HepG2

I M A R B [FIAE Y NFOS Fil FOS 191 1 5T

e FEVESE 100,200,400 wg/ml,

2.4 NFOS #1 FOS 3t HepG2 48 Bf1 BT 1 Ak &9 8 1
A5 WG T (AST) (4 N 5% & i (ALT) Fl 5L R
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S
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120
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(o]
=
I

I TR
Cell viability/%
- o
S S
I I

~
=
I

C 50 100 200 400 800 1000
FOS [ it e i
FOS mass concentration/(pg/mL)
(b)FOS X 48 A7 17 4 [t 5 1)

120 *

A1 A7 2R
Cell viability/%
~o e (23 0 ;
< (=3 = (— (=
T T | I I

C 50 100 200 400 800 1000
NFOS Ji ik 4k J&
NFOS mass concentration/(pg/mL)

(¢)NFOS X 4 i A7 315 2 1) 5%
T C R B " RN ] 22 7 3 (P < 0.05),

2 OA.NFOS 71 FOS M4 & 1%
Fig.2 Cytotoxicity of OA, NFOS, and FOS

Jii B (LDH) 7K F i A2 7 48 Jf 2 e 2
2T AR PRI, TE A M2 0 200 B PR Y
BwVERI, AN B AST ALT A1 LDH % 4= 41 %
2 SEN ML SR X 3 FP R TR G L B 3
MR YT TR E T TR SR A AST ALT #
LDH & (P<0.05), iEMEMBRNIE ST,
HepG2 4 M & A4 T W W A A B 3 105 . 78 & 3

NFOS 1 FOS Tl , 41 M1 473 5 & 2, 40 i 335 5%
e AST ALT F1 LDH 11 £ 1 F1 i 36 % & 2] 1E %
K (P<0.05), [ E NFOS F1 FOS X 4 Jitd 7y fig
BRSO A B 25

A8 A I

Glutamic oxaloacetic transaminase
activity/ (U/L)

C  OA 100200 400 100 200 400

NFOS FOS
Jo i ok JiE
. Mass concentration/ (g/mL.)
S (a)AST [ i% Pk
= T
2
#e O
& E
®E 4
® 5
z7
Kﬂ'g sk
8
2
g
£ 9
g TC OA 100 200 400 100 200 400
& NFOS FOS
JB i e
Mass concentration/( pg/mL)
(b)ALT it 75 1
3
S 1507
E
=
=2
ﬁé : 100+
= oo
W £ ;
=5
£< s
W 5
S
2
=
20
3

C OA 100200 400 100 200 400
NFOS FOS

JB e
Mass concentration/ (pg/ml.)
(¢)LDH Fif 17 7
TE GO IE 5 X IR s OA Sy B A% B2 5 7 3RO 554508 %) IR
I, P<0.05,
B 3 NFOS #n FOS 3t HepG2 4 B BT If 8¢ B 2 i
Fig.3 Effects of NFOS and FOS on liver function
in HepG2 cells




H25 % B2

KB 2iE LRt 3 0 HepG2 40 Jo4E I AX 8t 69 %5 i 85

2.5 NFOS #1 FOS xf & B HepG2 #H R fE R &
TR

i FHIMAT O Yo Xt HepG2 ANt AL ¢, W
S0 it v Bg T E RGO . ZE I 4a rhR] DLW SR

3 P
100 pg/mL FOS

), R T TS 40 A B TR A 3 Tk 4T g £
(T ARG N, 285 400 wg/mL NFOS F1 FOS )T
T, £ 6 e A 2T g € i v/ O HLAE 400
pg/ml T, FOS MBGE R B NFOS(P<005) .

400 ng/mL FOS

(a) 100x & 1 FAASEAIIMAT O Je (AR

=
7]

.
=
T

S
7
T

=)

AT O Y A WG EE (ODsign,)
Absorbance of oil red O stain (ODso,)

C  OA 100200 400 100 200 400

NFOS
Jo e

FOS

Mass concentration/(Lg/mL)
(b)THEL O YL ot B
T C W IE R X IRAL ; OA SSRGS BRAL ;7 o 5 B BEAH HH L P < 0.05 ; /8 8] 1 K B o7 1 3 7% A A () J0 62 Ve J3E 1) R R A AR o 22

FE(P<0.05),

Bl 4 NFOS #n FOS 3t HepG2 2 A1 fg it & #R 19 %2
Fig.4 Effects of NFOS and FOS on lipid accumulation in HepG2 cells

2.6 NFOS #1 FOS %1 & g HepG2 40 At #% fig /X
LikiEES N Al

NFOS 1 FOS X2 51 42 i) HepG2 4 M A
R ZEEL A BCEE W 5 s, fEIMER YA S
™, AR RR B R A A B N, H I =R AR R
P (1) ek S T, 5 A B Y R A BRI A2
5, i 0 11 2 FRBEL S T A 1) S AT RE el 4
JiL R A R, LS AT NFOS AT FOS X 41
i 1l AR A G A 11 o A 2 700 R A 7
J 4 He R 400 pg/mL B NFOS 1 FOS #B % B

TR EGEER, Hrh 400 we/mL FOS 1L
WO N % (P < 0.05), 400 we/mL FOS 4b 3
20 6 1% Ao LT R AT =R A B TR T
26.90% Fi1 25.39% , 1 4H H 5 %5 15 115 #E 5 FOME R
T EF T 46.77%F1 51.30%, UERH FOS 7] LA
I8 A T R 5 B AN PR R AR 2
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Effects of Fermented Okara Supernatant on Glycolipid Metabolism in High—fat HepG2 Cells

XIAO Yuyi', LI Pengcheng', LIU Ziqi', WANG Yubo', WANG Xiujuan', PIAO Chunhong”
(‘College of Food Science and Engineering, Jilin Agricultural University, Changchun 130118
ZCollege of Food and Pharmaceutical Engineering, Wuzhou University, Wuzhou 543002, Guangxi)

Abstract To reduce the waste of okara resources and to investigate the functional activities of fermented okara super-
natant (FOS). FOS was prepared from fermented okara with Kluyveromyces marxianus C21 as the fermentation strain.
Based on the analysis of the active components of FOS, the antioxidant capacity and in viiro improvement of glycolipid
metabolism disorders were evaluated, and the mechanism of FOS was also evaluated. The results showed that the con-
tents of total soluble sugar, free amino acid, and total phenol in FOS were significantly increased compared with those
of NFOS (non-fermented okara supernatant) by 13.52%, 507.95%, and 16.67%, respectively, and the total antioxidant
capacity was 8.57 pmol Fe*/mL, which was enhanced by 39.15% compared with that before the fermentation. The exper-
imental results of oleic acid-induced high—fat HepG2 cells showed that the intervention of FOS significantly reduced the
lipid droplet number as well as the content of triglyceride (25.39%) and total cholesterol (26.90%), and increased the
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glucose consumption (46.77% ) and intracellular glycogen (51.29% ) content of the cells, in comparison with that of
NFOS. Western blot results showed that 400 pg/mL FOS significantly up -regulated the expression of glycolipid
metabolism-related proteins, and PPARa, IRS1, and GLUT4 were up-regulated by 30.89%, 127.16%, and 22.84%, re-
spectively, compared with NFOS. Overall, FOS significantly ameliorated oleic acid-induced glycolipid metabolism disor-
ders in HepG2 cells, reducing intracellular lipid accumulation and enhancing cellular glucose uptake by activating the
expression of PPARa, IRS1, and GLUT4 proteins. The results showed that FOS has a potential role in preventing and
ameliorating obesity—induced hyperlipidemia and type 2 diabetes.

Keywords fermented okara supernatant; Klwyveromyces marxianus; antioxidant; HepG2 cells; glycolipid metabolism



