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Abstract
BACKGROUND
Nonalcoholic fatty liver disease (NAFLD) is a chronic

Baishidenge  WCJD | https:/ /www.wjgnet.com

liver injury caused by a series of inflammation, oxidative
stress, and endoplasmic reticulum stress responses
induced by lipid accumulation in the liver. Ginkgolide B
(GB) has the functions of anti-inflammation, antioxidant
stress, and maintenance of lipid metabolism homeostasis,
and therefore may have a therapeutic effect on NAFLD.

Alm
To explore whether GB has a therapeutic effect on
NAFLD and analyze its mechanism.

METHODS

C57BL/ 6] mice were divided into a normal control group
(NQ), 8 mg/kg GB group, high fat diet (HFD) group,
HEFD + 2 mg/kg GB group, HFD + 4 mg/kg GB group,
and HFD + 8 mg/kg GB group. NAFLD was induced
in mice by HFD feeding. Blood and liver tissues were
collected for biochemical, pathological, and Western blot
analyses.

RESULTS

Pathological results showed that GB improved hepatic
steatosis and reduced inflammatory response and lipid
accumulation in liver cells caused by HFD feeding.
Biochemical results showed that GB reduced the levels
of alanine aminotransferase, aspartate aminotransferase,
triglyceride, and total cholesterol in serum as well as the
levels of interleukin-6, interleukin-13, and tumor necrosis
factor-a in live tissues in HFD-fed mice. Western blot
results showed that GB inhibited the phosphorylation
level of eukaryotic translation initiation factor-2a, and
the expression of fatty acid synthase and activating
transcription factor 4 in liver tissues induced by HFD
feeding.

CONCLUS/ION

GB has a protective effect on the liver of mice with
NAFLD induced by HFD feeding, and the protective
effect is related to the reduction of liver damage, steatosis,

2020-07-08 | Volume 28 | Issue 13 |
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and endoplasmic reticulum stress.

© The Author(s) 2020. Published by Baishideng Publishing
Group Inc. All rights reserved.
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BAC R Ao R SR - B 0 — FR IR AT AR
1 e k. B M ESB (ginkgolide B, GB) A # X .
FAC R An e R RO AL SRR, T TR
4 73NAFLD#4E .

V=14
XTGBT L SNAFLD LA 74 57 V5 A 547 L Auh).

Ti%E

CS57BL/6J/)> .4 1 JE7 3¢ B& (normal control, NC)4H
NC+8 mg/kg GBZE. & g4k 2 (high fat diet, HFD)4H
HFD+2 mg/kg GB4L. HFD+4 mg/kg GBZAA=HFD+8
mg/kg GB4L. i@ it HFD# % 22 ENAFLD/)» R AL AL
AR B R ik Fe AT R 5 4 3 AT A 4. JREE
= FeWestern blot#i.

2GR

IR 4E R R, GBAEHFD S50 FFIERE By T 1%,
B K AT R P R & AR, AL R BR, GB
{KHFD"R 504 s RoG o 7 P 5 R A 5B . 5340 2
B H i = B A B2 B B0 R P AT AR P 9 E
6. GAFE-1Bs M IEIRIEE F-aid K. Western blot
4R 27, GBI HHFD# Fo9 T L1 b At dnidA
4 B T 20030 A 9 BREAL K Ao i o5 B0 B S5 E AL A
F R T RIA.

E~ 74

GB*HFD#% $#NAFLD/s R LA AR 1A, A%
FAER L LR BZBHFD S| ARG AT Hi4G . Fe by T A,
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0 55
I 0 P > T s A I o7 e 5 R0 e YA ek g 7 5
(nonalcoholic fatty liver disease, NAFLD)#Ahi25A1M, I
FINAFLDSAERE. S ZAHT.  m i A o A e 25
AR 2 UIAR G, ENAFLDJE T8 A0 5%
PEFAFZE7 ™. NAFLD 28 HARFECE T FE i Rk
JRER R, AR AT CHERR BA B PR 458 DR 30 ML A R 25 L
TSI P 200 P 1 780 1 2 P DA A s e R O %, o
Ji RAEFF A AT ALY, B 22 e 28 n] e BUH 4T
S A, R, NAFLDR J5 R P e < 2B v 7E 8]
ZPL H, NAFLDZISEM A BRG] 430 % (1 B A 1K £
AR, M, NAFLDE BN — AN S BAVE R Z DIA
AL BA B, RECTFRE T2 H TNAFLDIRIT
SEE, {EL H BT M R AN AFLD 6T 2547
FRA BB (Ginkgolide B, GB)#A& MARAT IR HZER 1)
— o A B A A ) i P R 2R TE PR K. GBRA
TR, ik, P MR RSS2
TG ERAE FH T, 5 9 A8 75 T (I 7 S, GBREEE
CCLi% SR RIGFFAE ) JRE 5 4 4™, JEFNAFLD N
JFF 20 A8 35 L5 S8 IS R 8 P I 1, A
K GBIIZGHAE Y, HEMGB W 5 2L E HFINAFLDII{E
H, TMGBXNAFLD®SZM ML A WARIE. i, A
W9t L ER A GBAE BAENAFLDH B A R4 /F I LA
S AL

1 #RIRGE

1.1 5834, XA 54k 36 X SPFJ ) b itk
CS7BL/6J/IN BRI H Wiy L4 8 R AL S50 S B AR B A
F][SCXK(#)2019-0001], T7%FSPFH s b5 (JCii )i
MGt 12 WE/MEIEIR, EIREFEE23-25 °C; MREYEF;
1E55%-65%), TE45 THRFRIE 1T, /N BUBEE I FIK.
AT NEEB (15 B21581, 4 =98%) T~ Ll A=
YIRHEA BRA AL MLLOR(HR 5 DO27)I T~ b
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AT A6 (interleukin 6, IL-6) ELISAIR 71 & (1%
51 GRS13-515)WF Bl SiAEMRHEAERAF, AN
2 1B (interleukin 1B, IL-1B) ELISAIRX ) £2(5% 5 HO02)-
JiJR PR FEIR F-o (tumor necrosis factor o, TNF-o) ELISA
A& H052). H i =R (triglyceride, TG) Ltk
AAEE(F25: FOO1-1-1)A15 JH & B (total cholesterol, TC)
EE 3R 70 B (555 FOO2-1-1)0 T st g A A w1
RIPAZEM (TS PO013C). BCAZE A& &Ik 7 & (1%
5: P0010S). B-actinPtiA(F75: AF5001)FIHRPZ 11
TP A0208)W T B E A RAEIRI A IRA F,
FUZENIPE L AR R F-20 T 2 (phospho-eukaryotic translation
initiation factor-2c., elF20., 5% 5 : #9722S) AN MR A FLAZ BY
PRALAR A F-200]V 2 (eukaryotic translation initiation factor-
20, p-elF2a, H7'5: #3398T)HLiARINT 35 [FE Cell Signaling
Technology /s #l; JEHEE A i (fatty acid synthase, FAS,
1245 sc-8009)FliE L % 5% K 74 (activating transcription
factor 4, ATF-4, 175 sc-390063)#71 {414 T 5% [F Santa Cruz
A,

12 7 ik

1.2.1 AR B A bR By AT > R ALl = IR TK & (high fat
diet, HFD)i% S35 I NAFLD/) AL /N BRUBEA L
53 N IEH X RE2H (normal control, NC). NC+8 mg/kg GB
“H. HFD4. HFD+2 mgkg GB4l. HFD+4 mgkg GB
HFHFD+8 mgkg GBAL, FF4H6 . NCAHFNCHS mg/
kg GBZH /)N iR FH Al 1 BHIE SR 10 wk; HFDZH . HFD+2
mg/kg GBZL. HFD+4 mg/kg GB4IFIHFD+8 mg/kg GB
H K FHHF DA R (60% 5 38 4 Bk . 35% M1 7 A115 % JIH [
FEIEFE10 wk. NC+8 mg/kg GB4L. HFD+2 mg/kg GB
/1. HFD+4 mgkg GBZIFHFD+8 mg/kg GBZL/N R TE
WEFEEET-10H B K BIMEIEE S8 mg/kg. 2 mgkg. 4
mg/kgf18 mg/kg GB, NCZHFHFDZLTE [F] i 7] Bt 45 7 18
Fr i S SRR B AR R AR K. FESB 108K, FREL )5, RIS
BRUJG AL BE, WS EIML, A ORI A 2

1.2.2 o A4 B MR A B T 1S hr gt
FE 10 min, £ F L3000 r/min 220 minlAYYL
LT, SRJG FH 4 B B A A A S B 137 H 2 T8 %
ffi(alanine transaminase, ALT). 5% Hf(aspartate
aminotransferase, AST). TGAITC/KT-.

1.2.3 HE & FHFIE2H Z7E 4% F B iR i i 1,
SN B E A, JRRIES um/E Y . IHUI R &
WS K S, ATHEY (, RAEs N WS4 23
PRI R,

1.2.4 h4rO% & WHFHLMIRR10 pm BRIV, 2808
ARG ) FH60 %6 53 AR HRERE20-30 s, T4 DIl 4L
OQLMIF =ik & 10 min/m, FH60% N EEE L 2R
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P, 5 FHZR DK BERR NI, AR X, FE1 %
FRIGKE 731K, FeJa /K YE10 min, FIRMT, BT
WSS o & ARG DL FHa .
1.2.5 ELISA#m): BUFF4HZU4RIPASI N I, UCEL 237
HHABCALHHMTEA TR, BUFHZ S, HARYE R
B A BE, HEATELISAK I, B 5 €5 96
LB T (DLB-96CHY, 7 5 - st it FL T RHEL
A PRAFNERE K450 nmAbill &G FEE, FFARHE bR
mn ARl 42, A H AL m g I HHIL-6. IL-1BAN
TNF-oH) & &,
1.2.6 ¥ & ixAhml: ABCAVEE A E &5 1445
TR i, 3 IR S U A B 0P IR, AT RN, IR 56
R FH 2 Y6 BE AR K505 nmAb Il B A, FFAR
PEFRE AR e 2, T3 A mg B F P TGHITC
fofce
1.2.7 Western blot#&n|: BXABCAZ:HE & &5 T4
LUEJIRRE A, RIS RL(30 me) R HHEATSDS- RN
Tk Pl A FELVK 7 15 JF 6 2 2IPVDF I L. 3P S, 4 °C
5% & 1: 100085 B L ) —Pi(elF2o.  p-elF20.. ATF-4,
FASHIB-actin)ik 7%, FHTBSTHEEIIK, K5 5 1:3000% 5
FEEBITHRPZ & B —HiE B 1 h (=R E G, F
FImage JEKAFEAT IKEEAE 74T, LAB-actin K BEAE XS H 1)
S I A AT Rt A — b A 3.

it F A BdE £ s Nmean+SD, 3+ FHSPSS
1705447 Guit-27 73 A, 508 a0 1 5 5 B AR FH B2 R
7 25y )5 I Bonferroni-tAG 56, P<0.05H #iA B
GuitFER.

2 BR

2.1 GB#HHFD# F 89 i it Fe AT L R IR 2 5 B &
4 E B AE ORI I A ALTARTA S THE 14 T P4k
4%, 45 (K 1AMB)E R, HFDALIE HALTFIASTIR
PEBA T F(P<0.01), MGBIAYT AL BANHIHFDIE S0
ALTFIAS TG T+ (P<0.058P<0.01), $#2/~GBAEHIH]
HFDW 3 (5. i — 205 TR, 45 3(EI1C0)
R, 5NCZALLLE, HFDA FFA Lk B 538 nP<0.01); 5
HFDZH tb %%, HFD+4 mg/kg GBZHATHFD+8 mg/kg GB41
FFA L B S5 B (P<0.05). ST HE e i B B2 K M 5 i 40
AUR AP0 A, 45 (B 1D) R, HEDZLAFHZHBK
B SR o, AR RV R (F2k); T
TEGBYAYT 4 HHFD- 5851 s 21 27 250 B 2 ek 6.

2.2 GBAp#|HFD% $-#9 A 2022 X MR B 3BT ELISAKS:
MIL-6+ IL-1BFATNF-o LAVEAN I ZH 2R 6 1 I B, 45
RER2A-C) R, SNCAL L, HFDA L HIL-64
IL-1BFITNF-o7K - B & F4 155 (P<0.01); 5 HFDALLLHR,

2020-07-08 | Volume 28 | Issue 13 |



RBE, 5. RENEEBNESIBIMRIBESHY) SR LIEAIIE

A 200 B 200 b cC 3
C >
b

150 150 g s ¢
o < d 4 =4
= 100 2100 og4
H = I
2 50 2 5o 892
0 0 _130

C L @ @ & C L @ @ &

L & &S L & &S

Y{Q Ay q\g@ Q\\&) (§{9 K{Q < &Q &Q &9

& NI & & O

HFD+2 mg/kg GB

1 4REAESBINEIEAS IR E S ST IRIARIFT A LURIBS . AFIB: &AMiE A NS (AR B LSRG B)E MR Ze s, ¢ &
ARG THE R, D RAUFASHEG @A, FEFIR = 100 pm. NC: IEH % IE; HED: @51k GB: fRATINERD; ALT: A NEL%HE; AST: &
FLGEE. "P<0.01, 51RO TRALLEL P<0.05, P<0.01, &R EHLE; 2 = 6.

A B c
. 800 b ~ 3000 b =200 b
o —
T C ‘T 2500 - 2
g S 150 -
g 600 d & 2000 - d s d
(@]
£ 400 - € 1500 - d 4 £100- q
El E g d
g £ 1000 - g
< 200 - = S 50
hr — 500 w
= .| =
0- = o F ol
C X QR X ® C R QR D C R QD R R
F & L & & & F &L & & S8 F &L & & &
& PP & PP S P
(JX QX QXD\ QX% (IX% 0)3’ OXD\ QX% (JXQ) 0)( QXD\ qu’
S KKK S K & & < K E K

2 RENEBIHFISERRFSNFERLMERN. A-C: SAFAHAHENZ-6 (A). HNF-1B BFIEATAET—o (Q7CTHIZE

Ntk AL n = 6.

GBfE LI B AR M B ICHF DS F IIIL-6. IL-1pA1 2.3 GBMAKHFDA S 49 I Ag i & A2 45 B (E3AFIB) &
TNF-o/K F-(P<0.055P<0.01). 7, HFDAL I - TGAITC & 2 B B T 51 (P<0.01), 1IGB
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YBIT REI RANHHFDIE S TGHMTCE &I, iX—3
RIFIFEAE AT 2 R BL(EI3CHID). 4 o4 i i 52
S5 R (EB3E) iow, TEHFDA LU R 2SR AR
P, IRRIC A BORHI TR (A t), KEME T4, GB
BT RE B G HF D 5 10 - 4H 2311 40 B v T ol 35
IR TR, 5 SR(KI3F) i, HFDZE FZH 2R %
B HS IN(P<0.01), MIGBIAYT BRIR BRI P HF DS
TS R AR 2R (P<0.01).

2.4 GB#B F5HFD# 569 P JT W &2 8 K -F Western blot4h
REHER, ENCALLE, HFDA 4 Fp-elF20
ATF-4FIFASTRIA KB BT+ =1 (P<0.01); 5 HFDZ L,
GBI e HIHF D S I T Fp-elF20.  ATF-441
FASHI#RIE(P<0.01).

3 iMie
JHF e o P2 B A2 1 5 AR B AR B N AF LD X B
o BRARAL, o R S 2 T ) BRI 5 PR 4 ) O
&, kR ", HEDE & AR X EL A ETC
BTG/ 57 % T, F8nlRTCHSTGHR & IR T
Ik, e SR T A AR B 1 AR 1, 9 HTC S TGIMFFSE R
RS AT RS 28 ERRURK, (EENAFLDRIREE . A7 2
7N, GBREBFMRHFD I T/ BRI A AR TCH TGS
&, FEDHFD S 20 T 4123 A 20 B i A 28 14 R 4
JfL e T 5 B AR I IR OB R ) PR £ 0 ) e R
JENAFLDHEEIIKEN R &, MiHFALTAAST/ANAFLD
AR 2 T VP T AT Sh B A 25 ZE R AR, K3
HF D> 5| & 45 4% A D) e jsR -+ S ALTATA S THY
AP, A 7 45 B o, GB35 FIRHFD S/
BUMIEHALTMAST/K Y, #&7-GBRIRHEHFDF 1
. A, iF 7 RIE, HFDE SRR I i A8 1 5
M FFFE S RE 25 IAR G, FEERE 72 P8 n 7 i A2 A
X 98 P R F- A S (A BUER M, FE AR 8
FERE— DN T NAFLDHERE. [RIt, ANHE 7ot — 0 M 5%
GBJ2 13 X NAFLD/)N R A 40 B 28 ik s e R4 AR
LR 57K, GBREMGEHFD S| L /N AT 4L 4 1
IR EARAL, F PR LR 28 K FIL-6. IL-1B
AITNF-aff) 43, PGB A A 2N HIHFD S £ T
PE VL.

PN 99 7 38 (endoplasmic reticulum stress, ERS) N
& FHINAFLDAF R 32 a8t 2 — 1 R
FE S P S et s 8 RE S B IR 25 AT TR PN A, 5
RITHPRAERS!™ ), Hrr, eIF20fFER SH & 4% H E4E
F. AR R IS0E eIF 20/ ATF-4(3 5 Eifid | MFAS
(14 2 T A2 8 LR I i 4 P I 02 3 AR 4 L P g i
4 . OyadomariZE"I7E B4 S 46 WL 52 FER SEaN
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P00/ RRBUN R IE, MielF20 BRI S, /NI
R AT 053, AN, p-elF20r] BA_EIHATF-41 KA,
BETEOEAZ A [ B R S o 25 & B -1es S BEHHEG
ABRAER2FIFASSE R A AR L R R IA, ATF-4
B kN BUREHKPTHE DS S WAL . & H vk =g
FEFINAFLD™. DA FFEE I T elF20/ATF-4/ENAFLD
JH- 440 L 5 5 BRI KPR . A 485 SR s,
{EHFDi% T (INAFLD/) S H 2 p-elF20.. ATF-441
FASEFIL, MGBREMHIHFDIE S 1/ AT i
Bk Fp-elF20. ATF-4MIFAS, 1 BIGBH]EIT IR IIERS
B HFD% S IFINAFLD.

zi L ik, HEFDF SHINAFLD/ REEH N AT 41
SR I8 IR A B AR PR AN I B o S O T IR A
(0 FFF 400 LA B R 453473« AT 8 i R FFER S R B T
GBAEEHF DS 5 T4 23 o B4 i g i 22 1k A0 T4
i A 5T B AR R I 2 i A S5 FER SIS, $73%
GB [ /E NPINAFLD 7B /E 254,

NERR

Eoaliy= g~

B R 14 B 7 M P (nonalcoholic fatty liver disease,
NAFLD)& %% RIREI sy, HAM G H 81 &
AR, HHE BRI i 0 RS 1T H i e
PEVRTTNAFLDIN 254, Rtk 44 820t 78 B iENAFLDIT
WAEIRTT 2 B AT — IR A S S KR E 5

Etv /A

AT WEEB (ginkgolide B, GB)EAHi 4 Pl L
FEIR AR A IME A, $2RGB T it B A 2 NAFLDIT)
YEH.

e gl
RITGBXINAFLD/IN S 03 AT A2 VR R R, 93
HrEL R B L.

LHTE

=gk e (high fat diet, HFD)i% S: 8 SENAFLD/)M i,
A, G AR AR E RGBT, WS/ UMK
FEdh, AR IS H A I 2 . il
i = (triglyceride, TG) A2 H [i] % (total cholesterol, TC)
(7K. YRR/ BRI EHLZARE i, HE S E W50 B A5 5
U I L0 (B WS R 7 & AR O, ELISAVEAT I 147
R-6. B R- 1AM IR L A F-aff 7K1 bk
MTGHITCHIZKF-; Western bloth&: il P 5k /X N o< i B
FI#IA.
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