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Abstract: Objective To clarify the liver protective effect of Ginkgo flavone aglycone (GA) on rats with non — alcoholic fatty
liver disease( NAFLD) and its mechanism of action. Methods SD rats were fed with high — fat diet to establish an animal model
of NAFLD. At the same time,GA (50 mg/kg or 200 mg/kg) was gavaged once a day for 8 weeks. The effect of GA on NAFLD
rats was evaluated by methods such as HE staining, Western blot, lipid oxidation and endothelial injury detection. In viiro, HepG2
cells were induced by 500 wmol/L sodium oleate to establish an NAFLD cell model ,and at the same time ,GA(1.5 pg/mL or 3
pwg/mL) was given for 48 hours. The effect of GA on hepatocytes was analyzed by methods such as oil red O staining, Western
blot and triglyceride content determination. Results At the animal in vivo level ,GA can reduce the body weight and organ index of
rats,, reduce the contents of triglyceride (TG ) ,total cholesterol (TC) and low — density lipoprotein ( LDL) , increase the content of
high — density lipoprotein( HDL) ,and improve the disorder of liver lipid metabolism. At the same time,GA can reduce the con-
tents of serum malondialdehyde ( MDA) , oxidized low — density lipoprotein( ox — LDL) and soluble lectin — like oxidized LDL re-
ceptor — 1 (sLOX - 1) ,reduce the activity of inducible nitric oxide synthase(iNOS) ,inhibit the oxidative stress,and improve the
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vascular endothelial cell injury. HE staining showed that GA can reduce liver steatosis,inhibit aortic lipid deposition and throm-

bosis,and restore aortic lesions caused by lipid metabolism disorders. At the in vitro cellular level,GA can reduce the TG content

in hepatocytes and improve the lipid accumulation induced by sodium oleate. Proteins extracted from the livers of rats and HepG2

cells induced by sodium oleate were detected. It is found that GA can improve the lipid metabolism disorders and reduce liver in-

jury by down — regulating liver lipogenic proteins( SREBP — 1C,FAS) and up - regulating the expressions of fatty acid oxidation

proteins ( PPARa,CPT1A). Conclusion In high — fat — induced hepatocytes, GA may inhibit fat synthesis and promote fatty acid

oxidation by down — regulating the expressions of SREBP — 1C and FAS and up - regulating the expressions of PPAR« and

CPT1A ,improve the lipid metabolism disorders , exert the antioxidant effects, protect the liver and vascular fatty degeneration dam-

age,and has a potential role in treating NAFLD.

Keywords : Ginkgo flavone aglycone ;non — alcoholic fatty liver disease ;lipid deposition ;fat synthesis ;fatty acid oxidation
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it 0.5% R PR 4L R AN MG ATEC ] o R WP BELT4E R 6N
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5 :BC0625) 1% % & g 25 1 H [& B ( Low — density lipoprotein
cholesterol , LDL — C) I & 1277 £ (#L45-: BC5335) , {5 %5 £ fR 2R
[ iH [& P ( High — density lipoprotein cholesterol, HDL — C) jll] %2
KF & (45 BC5325) , —FE AL & 4 B (Inducible nitric oxide
synthase ,iNOS) Il 52 i 7] & (L5 : BC5695 ) , P ¥ ( Malondi-
aldehyde , MDA ) il & 101 & (#1t%5-: BC0025 ) , 34ty 7 b 5 & 3¢
FAYBHCERRAR . FAMHERE 1 (Oxidized low - den-
sity lipoprotein , ox — LDL ) {lll & 3051 &5 F B 5t S A TR AT
FEIT(H45-:20200917 ) o W] ¥ P 8 4 RAE SR AL UG B AR R
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40 HERRAHENE SD KRR, B BENLA B 4 41, &4 10 1,
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AATEE 40 &R HepG2, fifi % 10% i 4 IfL 3 A 1% 5 4
F AN DMEM mbEkE R 78 5% CO, 85 iEs: , R iR
BEH 3T C o IEF A T RMARF X B, A2 25 T 500
wmol/L [ IHER4H , GA Ik i 24 45 T 500 wmol/L 11 i R 44 A
1.5 wg/mL i) GA,GA R4 T 500 pwmol/L [ ERENFI 3
peg/mL [ GA il B BE FRAH N B 55 48 h,
2.4 JE#ERBENE

558 JEIIN e M A, ZR RIS, 0 JUE L JHE I L A | i O
B Bk R IEAT 4 8, BREE, AR LA A 2B R Y
JUE#% R B e R4k = IEaR E i (mg) /IR TR (g) 5
2.5 AR

SD K EURIFRER 8 J8, LR , B sh Bk B, 3000 1/ min 4
C B0 20 min, 4L 1M ¥E IR AF T — 80 C K I i v
TC.TG.LDL - C HDL - C.iNOS MDA .ox - LDL # sLOX - 1
=
2.6 HALFEZERN

WA T SR IR L 2R 93 RUAE 4% 1) 22 5% F i v [
WA A AR ) o 5 B T R BB X )
HIZE L] 984T HE Ye o (L5 . G120, b st R K S MR 3%
HRRAHD
2.7 JERARRIEHBREAMNEYE G RKADN

FIH RIPA 23 2% vh ik (iE5: RO010, Jb 3 R 3 E £ Y B
T PR ) ) WA ALK BUIFE A HepG2 40y R 32 BB R 1, 1
Fi BCA i3 & (H1t5 . PCO020, Jt st REEEWRH A FRA
A WIE A AV, SF AR BT (30 pg) @it SDS - PAGE
Iy BIIFE RS S| PVDF 5 E o 5% MBI 4 W 7e = 0 T Rrsidi
#E A 1.5 h, [ J5, PVDF 5 — % (SREBP - 1C. FAS,
CPTI1A .ppAR« 1 GAPDH) 7£ 4 C %% 117, PVDF fi# TBST
WA EE R TR 5 b E 2 he RA ECL #1714k
2 R IR
2.8 CCKS8 XA 4 j 77 7% %

1 96 FLAR PR E 43 L 5000 4, T35 3546 b 15 35 24
he I IMAANFHKER GA 1,1.5.3.6,12,25 .50,
100 200 pg/mL, FMEHE 5 AE L, R B0 K
YRAL, Z G AR SR AR T ARSI E 24 ho BEFLIA 10 uL (1)
CCK8 TAEM, ¥raefime & 2 h )5, (il Z T se M br i 7E 450
nm KA OGRE
2.9 IO 36

H HepG2 4IELL 1 x 10° AN EFH T 24 FLAH, 4% W0 T 5
A AL AL FRANAL : DIE H 41257 [ A 0 X BRI ) 5 @A
25T 500 pmol/L [ EREN ; @GA (KL 4T 500 pmol/L
HITMEREAA 1.5 we/mL (1 GA;@DGA EHIEHL T 500 wmol/
L [P ERENAN 3 we/mL (19 GA U ISR NG 48 h, F

YN REFREL, PBS YEWIIK ,4% 2R P HEEE 25 min, HFELZR
FE  ZRA K Tk 2 ¥k, A 60% ST EEWEUE 20 ~ 30 s, &
60% ST, IMAHAL O Yt iR 4 15 min, L YA,
60% SETEYE 20 ~30 s, ZEIKVE2 ~5 K, EE LR
o IMAZENR /K7 25 40 M I 76 o S T g%

2.10 4o jefle A& e AR

¥ HepG2 4IfELA 1 x 10° MR T 6 FLAC , #F 2
ST IEAL RGN : DIE H 445 T AR FR A 7 570 5 BE; @A 2]
257 500 pmol/L [l R 4 ; D GA {IKH] i 4 25 T 500 pmol/L
FTERENAN 1.5 weg/mL ) GA;DGA FFI R4 4T 500 pmol/
L (i HERENAN 3 we/mL (1) GA, JUE BT N K5 3% 48 h, IR
T AL SR AN B, #2500 23 38V, WS m 100 L PBS EH &4l
Ji, BT K R AT P S A A M, A A B VS VR AR T TG
T
2,11 HKit¥EF %

X TR B R B 3 MR R MY +
KR (v +5) o {fi ] GraphPad Prism 6. 0 X %048 647 8511 4%
B, 4P <0.05 i), 2R A2 E L,

3 R
3.1 fKEFFEFTAEEARGREN D W

A2 R BR AR £ 3 A5 1 D 4 T XXXED 1, 78 2 A4S S 56 4130
P, IE 2 A K A R e A S B T2 34, SR i 2 rp 34 7
TE—E R Bl 28 G TR IR IR AR A 21 A L) 1 2
EIRL LFHEE I E S T IEFAMAZA ., GA L&
ZH A RS AE 0, (LS iR 3 B SR/ TR . GA Wi
HAREEAESS 3 A BU/NIE T B, TG 268 4 ST aa3 i, S Ak
B 2 SR TR GA R 2H . FR B Ui, GA
A8 HA 0 PRI R IR IR 5 | S AR EE 1 i
3.2 4R B A T bR RO B AR R B

W 1 PR, 5IEF AU L, A8 20 K B 3 30 JikoRn T ik
k255 50 25 T (P <0..05) 0o Ik B BRI Uk 25 48 B0 1E 8 40
1, B I B g R i R A 88 48 B IE A (A = R A Gl
B SR AL, 45T GA(50.,200 mg/kg) J& i EFEAL T K
SRR E (P <0.05) ,ColE U L e fi 760 il A Ok 2% 5
BUBEHRIAG  HE SR A SR L YRR, &5
RESFERETIETI e 58 2032 B4 45, Rl Rl EEER T
NAFLD #8485 i T 17 GA 3697 )5, T WA I 2% fift /=5 IR Tk
BB AR
3.3 mEMXEEANER
3.3.1 A FHFFATBER AR AREOHA QR
XXXIPE 2 fp 7, A2 A BRI 3t H A 9l = T s T e LA B
R EREASERET R (P<0.001), mEEREASE
BEFAL(P <0.05) ;45T GA(50.200 mg/kg) JAY7 )5 , B
W H I =R S R REIR (P <0.01) , SRl R4 P Ay SR
[T R B M A 1 o R AR (P < 0. 05 ) , I H vy 45 B i
EOEEEEAR(P<0.05)  HILT I, GARE I B k5 =

T HARBMERFRBE K (x£5) A mg/g
415 n OIERE JHEIE 75K (EgIEY JERLIE Ll e ik 2R Ek R
EHA 10 3.391£0.247  29.289+1.902  7.881£0.329 2.488 +£0.599 0.205 +0.054 5.301 £0. 843 0.662 £0.122
FERIZ 10 2.783£0.186  54.855+5.454%  9.178 +0.941 1.887 £0.286 0.258 +0.046 5.812 £0.688 0.862 0. 160"
GAEHIE4L 10 2.211£0.162  42.220+3.568  6.565+0.267*  1.259 +0.131 0.238 +0. 064 5.315 £0.475 0.380 £0.066 * * *
GAEFMIEAL 10 2.342£0.197  43.525+2.662  7.371 +0.903 1.577 £0.214 0. 186 =0. 064 4.553 +0.613 0.351 £0.011 % * *

I #5E AL, P <0.05; « SERIAIA, P <0.05; « « « LEIUA LA, P <0. 001,
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XXXI&] 3 Jr 2 B0, B2 20 K BUALYE P i) MDA {8 3% ETH(P <
0.01); GA FFIFEABEM LK BIME + MDA (W& EBHET
(P <0.05) o XMW GA W] LB S A0 1 3, 2% f I35 4%
3.3.3 RAEZEF AR R LF ox-LDL F= sLOX-1 8%
oty WA UL XXX & 4 iR, 4853 2 R RRUIAL 35 P ox-LDL Al sL-
OX-1 MEERESTIER4 (P<0.01), SERIZFHE, GA
HE B2/ K B o ox-LDL A1 sLOX-1 {54t (P <0.01)
T ox-LDL F1 sLOX-1 2124 .45 N B2 A0 L4545 b . DA b
SR UL, S IR R B MBS LR B ARG I E , e & X
ML N TS A6, T AE GA RY7 S REME o th B IR Ik &5 &
PRI N B2 453453
3.3.4 BAEFHEWAFASKAARARGZ R WG TNV E
5 TN AR K R YE H iNOS i 14 B 2. T 5 (P < 0.001) ;
FBERIA A L3, GA G B ISR ALY INOS {G AR A 7E A
FIRRBE R TR, o GA il & 2 AR 0 5 BRI INOS 15 (P <
0.05), #/~ GA XFREM N DI RER 2 R E .
3.4 HE 4545 8
3.4.1 KRN HE & KERFIE41410% HE Jetain
FHTXXXVE 6 Fim . IEH 4R BT AnAE b Jo s Wi 2 i, AN 77
FENRI AP o A ZH K B T 40 M 2R HES 8ok 2L, I oY
HARZW NG 2590, IR SUFFE R A8 M. S AR 2 Al
Lt , GA 2K BRI/ i JE SO AN B IR i 2 38, R B 3%
BEMIRIEASPE . DL ES5 SR UL T dsr 7 SD KR NAFLD
R H GA X NAFLD JIFAG 5 AP0 b /e FH o
3.4.2 XA IHRALFBEFNE  FE3hK HE YL 404 1o
XXXVIE 7 Bi7R o IE W ALK R Esh kR T, R4, W
PV AT MR R AR o AR 2 K BRI = 3 ik 9 B i S UL o
MARTE R, o237 L2 T2 P18 LB 3 A 1, SRR 2T 4
LA B R AR o AHE TR, GA 41 K BRIV 6 VA 41 g
B>, Rk IS 3 e 38 A /D R BT, LA
ER LR, S IR IR B ST Y NAFLD R RS RS, iR AR i 25 6L
S I AE P R AN ML 05, 5 R BRI 2 BBk SR A T GA
AT 43 B0 e I AR V5 2 19 =6 B K L e 72 o
3.5 KRMIERE R A R BB EAMLNEGRALN

Western blot 45 5 g 715, #8 AU 21 K B 1) SREBP — 1C fl FAS
KA B T IR 4R B, 45T GA HEAT T3S, /T LA
A EIZH SREBP — 1C #l FAS f9E [ 33k, BRI R B
PPARa #1 CPTIA Z& [ /K 7 B B B AKX, 1 45 T GA T HiS,
PPARa F1 CPTIA ZE KA IR E . LiR4ERFEH], GA 1]
JE TR BTG A H (SREBP - 1C, FAS) , _F iR i i f2 A Ak
I (PPAR«, CPTIA) B335, Mot M BE  & AL A IR O, ok 42
NAFLD #4545, DL 8.
3.6 AR A E R A U AR SN AL 2m L E A N

i CCK8 yAAG I AN Hf A7 15 25 , GA TR 7 MR B2 1 45 2 Ui
XXXV 9 Fi7s , RIS R B 11 GA(1.1.5.3.6,12.,25 .50,
100 200 pg/mL) Ab3 HepG2 4l 24 h J5, 530 GA ¥efiF—H
HIT 3 e/ mL, AUMLAETE Rk 4 B MK, R, 76 HepG2 14
ANSZE AR 1.5 3 weg/mL X R VRN GA RIZA 2GR
3.7 REEWH LA HBRAESWTERERERNE

04 TTXXXV E 10 FrR BYTHAT O Y (o485 51, 7e R 2 40 g
P R 20 (0 5 % 2 B, 10 B i R M P 3 2 HepG2 41 B i 5
ERL Mgt GA JRYT G, 4 P 2T €4 i 17k S 770 B 4RO 4 %
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58 Western blot Kl iig BiAH e 8 H KB KFE(n=6)
i andd peXXXVIE 11 19 TG & &5 i, BRI 0N TG
HRBERTERH. ARFEA CGA SHihER o i+ 15 48
h J5 AN TG 1 2 A AROBME FEAIG. LaR 45 R KB, GA
B 2 AT A A A I T3 35 L
3.8 F4m MG R A R e R AL B B B R AR
Western blot 45 5 7w , #5550 28 411 ffi Y) SREBP — 1C Fl FAS
HEAACFI RS T IER A4, Wi 457 GA #47 T8, ol L
HI#E A 2] SREBP — 1C il FAS B8R [ &1k, ARIZ] 40 Bl Y
CPT1A & (/KB BRI, T 45 T GA THil)5 , CPT1A & 7K
A ITRE . AR BHAIE T GA ldat R AR A
F(SREBP - 1C,FAS) , FiEfig I RRAf & F (CPTI1A) (335,
ERR A AL, WA 12,
SREN 500 pMHERSY
GA/(ug/mL) - - 15 3

SREBP-1C| s s s | —122kDa
CPTIA [Se 0 e i [—86 kDa

FASI —— — -'—501(03

[€ 12 Western blot &l /i BTAR S H K IKKF(n =3)

4 Wig54it

NAFLD TE75 58 18 A2 Oy 4 B el BR3P 119 — 20 22 Bk
(%, AER NAFLD SR R A5 500 32. 4% , B C O F [ 55— K
TP = o NAFLD &b I U1 7 JFF A b B s , HL A
A2 T REE b A IO B o O 2R L P Bl S T2 i
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