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W E B PR AR B R 5 (gentian iridoids, GI) % 3F i A5 12 g W5 AT 5% (NAFLD ) 4 RUAE AL fis Jr A% R & K 2 89 5 &
VE R BAH] . Faik vhik B RS 2 (0.5 mmol/L) i -5 49 AT J% HepG2 40 i, NAFLD 4a f kA % 3R B #%.(0.125.,0.25.,0.5,
1.2.4 mg/mL)GI #F HepG2 20 JiL 7% 71 69 % vf . ¥ HepG2 20 i 54 » PB4 BEAY 40 e G AK P L 23R JE40.(0.25.0.5.1 mg/mL) , Fh&f
FELRIL, A3 AmN 0.5 mmol/L i# & s b5 BR #EAT KL 3278 24 hJG , # 25 HepG2 4 it 1 IS 3 5 A% A9 1 O, , #7047 = Bk H ok
(TG) A&, #ml 2a Bt L il b R ARk 45 28 (AST) 73 &UBR 45 285 (ALT) A= £ 2 36 47[ & a0 je A% 1B (IL-1B) \IL-6 it 58 37 58 B
F a(TNF-a )89 7K T A im] 2m e o 2] B3 U AF 25 4-% & 1c(SREBP-1c) | 5 B¥ 2 & s B (FAS )mRNA #= 4% B T kB(NF-kB) 13 5
18 548 K B @ [ NF-kB 474 % @ a(IkBa) \NF-«kB #8210 NF-kB (p-NF-kB) 49 & i . 255 HepG2 %0 2 R R JE GIVE A & | 48
foE N REAZH(P<0.01), SR LI, Gl &R E A0 ML & 053 B, 40 iz 4 R 9 2 AR KN B3 5 20 i A
TG 4% (KR Z 28k 51 ), tafe £ & P AST (ALT . IL-1B IL-6 (&5 Z 40P 58 ) \TNF-a 7K-F, 4@ i SREBP-1c .FAS mRNA 4 ik
7K VA B NF-kB & & BB ALK F 39 B 5 K (P<<0.05 3%, P<<0.01),IkBa & @ & & K-F 3 2 595 (P<0.01), &g GITHRY
NAFLD % Jo A5 2L 64 fis AR R, 42 KE B, JAE A L) 7T Ak 5 47 5) SREBP-1c/FAS % NF-kB 13 5 i@ %4 X .
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Improvement effects and mechanism of gentian iridoids on lipid accumulation and inflammation in
NAFLD cell model

WANG Lijuan, WENG Lili, XIAO Chunping, YU Qian, KOU Baixin (School of Pharmacy, Changchun
University of Chinese Medicine, Changchun 130117, China)

ABSTRACT OBJECTIVE To study the improvement effects and mechanism of gentian iridoids (GI) on lipid accumulation and
inflammation in non-alcoholic fatty liver disease (NAFLD) model. METHODS Human hepatoma HepG2 cells induced by free fatty
acids (0.5 mmol/L) were selected as NAFLD cell models. The effects of GI at different concentrations (0.125,0.25,0.5,1,2,4
mg/mL) on HepG2 cell viability were investigated. HepG2 cells were divided into control group, model group and low, medium
and high concentration groups of GI (0.25, 0.5 and 1 mg/mL). Except for control group, 0.5 mmol/L free fatty acid was added in
other groups for modeling. After 24 h of culture, the formation of lipid droplets was observed in HepGZ2 cells; the content of
triglyceride (TG) was detected. The levels of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and inflammation
indexes [interleukin-1 B (IL-1 B), IL-6, tumor necrosis factor @« (TNF-a)] in cell supernatant were determined. The mRNA
expressions of sterol-regulatory element binding protein (SREBP-1c) and fatty acid synthase (FAS) as well as the expression of
nuclear factor-kB (NF-kB) related proteins [NF-kB inhibitor protein a (IkBa), NF-kB, phosphorylated NF-kB (p-NF-kB)] were
also detected. RESULTS After treated with different concentrations of GI, the cell viability of HepG2 cells was improved
significantly (P<<0.01). Compared with model group, the number of red lipid droplets in the cells of each concentration group of
GI was significantly reduced, the nuclear atrophy was not obvious, and the size was normal; the content of TG (except for low
concentration group) , and the levels of ALT, AST, IL-1B, IL-6 (except for low concentration group) and TNF-« in cell
supernatant were all decreased significantly; mRNA expression of SREBP-1c and FAS and the phosphorylation level of NF-kB
were also decreased significantly (P<<0.05 or P<<0.01) ; the protein expression of IkBa was increased significantly (P<<0.01).
CONCLUSIONS GI can reduce the lipid accumulation and inflammatory response of NAFLD cell model induced by free fatty

acids, and its mechanism may be related to the inhibition of
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3E 9 4% 1 B 105 ¥ % (non-alcoholic fatty liver
disease, NAFLD) & — il PRI FRER G 1E . BEE AM14:
TG KF- A4 R, NAFLD B4 &0 58 g 4 i, 5 2019 45
TATH A B S 1T , NAFLD B9 4 BR R F i ik 259",
Jig B 24 NAFLD (19 3= ZERRE 38 5 11 SR &
JE () R, LR R Y 80 S Al & NAFLD Y o5 — 4> 3
SURFOET SRR AR E A ) B AR RIS AR I - kB
ilill 85 H o (nuclear factor-«B inhibitory protein o, IkBa) ,
WG NF-«B {5 5l % , {2 3 i 2858 I o (tumor
necrosis factor-o, TNF-a) | 1 4 il /7 & 1B (interleukin-
1B, IL-1B) Fl TL-6 25 S AE P 7~ R, AT 7 A RAE™
JIEs o AR B B HL 5 | R ) A A S Iy 5 A 5 s 30 B I 78
SR AT LA A () (H AR AN AT T, S5 AT B R I
B Ak w9, ™ fE KR AR A Y. H TR T
NAFLD F= 2K AR 25 Wy sl LAY A B 19 4 0 (2 24
YIRIWE R B B O 221, TR, A7 4R
HHIGYT NAFLD (9259

e I8k g IRERHE 9 25 0 I8 IH Gentiana manshurica
Kitag. . JElH G. scabra Bge.. = AL G. triflora Pall. 5§,
U2 J¢H G. rigescens Franch. [ TR S AR 25, HAG 1 #4
PRNE 5 IR K B BhAS, i PR b 5 A R IR Y 5 7] 32 24 H]
T, BIF R8s ™, PRS2 06 o e i
B 2y, B Z R 2 BRTE A  nfR I (AR BT AR A
FIRRAE RS HJ2 |, 8 IR B0 ik i 25 1 43 (gentian
iridoids , GI) J& 75 A (3% NAFLD g ANHAH . JE Tk, A
W98 e A D101 KALW BEHE 43 15 GL, SR J5 LA 25 B
2 15 5 19 A8 HepG2 41 it > NAFLD 4 i A A4, 4
A BT GI X NAFLD #9235 78 1 R ML, LA o
NAFLD&IF YT R fe it 2%

1 ##
1.1 FEES

AWFST i 32 BAL AT TMS 18— 48 Ak B 40 it 135 7
8 .Multiscan MK3 B fifi#7{% . QuantStudio™ 5 %I 5L i} %¢
N5 i B A 5% R 520 (PCR ) X L IBright FL1000 %1%
HEEE I 1% 2 %8 (3£ [ Thermo Fisher Scientific 2 A ),
810R %1 25,0 ML (1% % Eppendrof /A 7] ) , Discovery V20 %!
88 5 s (12 [ Zeiss 23 @) , Mini Protean 825 [
H1 9Kk (€ [ Bio-Rad A A ) o
1.2 #m5iRH

JERRZ5 44 B 35 R AL 25258 T A3 BRA 7] (L5
1dzc3-20171017-2) , Z A A v & 24 27 24 2 e 53 Tl i
Y N IE G. scabra Bge. [ THAR AR 25, HifhZY
i SR IR A s (LA 3] BIA AL iS5 2120140)
DMEM 1% 3% % (5% [# Gibeo /A ] , 1t 5 8121342) , i &
il 7 5% 55 R AU (36 [F HyClone 23 7, #1573 51 4y

EZG B 20224F48 33 448 194

J210033.,J200012) , 4T O 3K & (AL M RFE R R A
PR W], L5 20210426 ) , =k H i (triglyceride, TG) i
& Cra mtE RHE A BRA )L 145 20210612) , N R
% 5 B (alanine aminotransferase, ALT) i3 & . KA &
1% %% %, 1} (aspartate aminotransferase, AST) if 7 & . />
FIL-1B8 380550 & L/ BUIL-6 305 &5 /N B TNF-o 357 &
(VLI f 520l AT BRAA A, #4543 51 i MM-44625M1
MM-44115M1, MM-0039M1, MM-0163M1, MM-
0132M1) , FEtH R R (& [ Sigma 24 W), 4154351
101298301.,1011202365) , RNA HEHGR ] & 30i%E 54R57]
% .cDNA ¥ 34157 £ ( H 4% TaKaRa /A #] , L5 43 51 4
AL40413A , AL50948A . AL61810A) , ft i IkBa 22 70 [
Pk Ui NF-kB £ s b iA  HUR i E fL 9 i (HRP)
FRic i L E T S BR AR 11 G (1gG) 40 (sl =8 A4E
Y HCR A BR 2 A #4523 51 2 00095768, 00086772
20000311 ) , % J5 W5 1% 1k NF-k B (p-NF-kB) £ 5o F 47 14
(£ [ Cell Signaling 2, it 5 17) . B-WLsh & 1 (8-
actin) | fIg /i iR 45 WL (fatty acid synthase, FAS) | [&] [
P& 15 T 45 A B 1 1c (sterol regulatory element binding
protein 1c, SREBP-1¢) ity PCR 5 ¥ i 4 T/ T# ( |
) B A BR A RS, 51 e 9 5818 7 K
W1,
®1 PCRI|¥MFFI R B K E

Lk Bl -3 P4k bp

P-actin L35141:CCACCATGTACCCTGGCATT 189
M1 #: CGGACTCGTCATACTCCTGC

FAS L3514 GCTGCGGAAACTTCAGGAAAT 84
Ti3147: AGAGACGTGTCACTCCTGGACTT

SREBP-1c [-4#5147: GTGAGCCTGACAAGCAATCA 103

MiiF314: GGTGCCTACAGAGCAAGAG

1.3 #HAE
N F9EE HepG2 4 ffa e o R} 2¢ B A= W b 27 5 20
R A W2 F 5 T

2 A&
2.1 GIRJEEL
FREUE AR Z54E 3.0 kg, /K BT 2 K (2 oK F 2 44

B FRE A3 3R 10:1.8: 1), AR 1.5 he AT 2 IRIETR,
e 4 B VR T 1.2 @/mL IOVA TR (DLLE 25503 1) o
A U 5 VRO K R BT R VAR R 0.1 g/mL (R il
W, A D101 KL AR HE R, L 30% & Bttt 47 vk it 4
b, WA PRI 5 K5 DR MR I T 60 °C i e 28 1 4 , 7%
1, B G55 7% , Hob g IR 47 1 & &k 54.6
mg/g) .
2.2 {HAEEESE

¥ HepG2 A0 H4F0 T 10% G4 3 1% 5 5 %/
75 R 1) DMEM 85 72 56 (LA F AR “RE 2 L7 )P, T
37 °C 5% CO. 4 M3 72 th 85 9% . M 4l i il 45 2 ik
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80% I}, 1 0.25% et BN Ak , P4 TR R R e 2
2.3 HepG2HRaiE RN

K H CCK-8 ¥E AR o BN 4504 K 15 HepG2 4
J, L1 X 10" AN AFLEERRF 96 FLAR T, 4R 5 43 o B4
BRI ZH 1 GI A [ e B 2H (0.125.,0.25,0.5.1 .2 .4 mg/mL,
WA B 2 i s, A 3N E L. S50k
(121777 , X LI A& 1% 4= 1035 25 FH A 85 97 3, iy
M A 0.5 mmol/L i 25 B iy 2 ( i Yl 1% 1 A ] 1 4%
21 He g e il v B, DA 1) NAFLD 2 A0 R[] B
BRFRIL SR 2GS A R TR B2 25 10,5 mmol/L i 5
BEWBR IR TR, . 5557 24 hm , R BFR S 22 45 FL I
TCEE(EL, WO B (A, 20 M3 g
2.4 HepG2 HRaAE AL IE R MEE

K AL O Yo a3 AT WA o BN B K
HepG2 4 fifd, LA 2 X 10°N/ALEEF T 6 fLAR T, 88550
X2 R ARL AR GI I b L iR B4 (0.25. 0.5, 1
mg/mL, ¥ FEMRHE “2.37 T a5 R E ), A 3N E
fLo XTHRAIINA A 1% 45 03 8 ) S8 R R 5
RIS AT 0.5 mmol/L 17 5 i I iR () 45 77 5% , G {IK
rh R VR EE A AR R 245 ) A 0.5 mmol/L i 5 A T 2
MIREFRIE . H55% 24 hT , A AL A AT O e il &
UEP P54 , SR 5 SR R B i P RS I T4 i
2.5 HepG24fiA TG & ERIH N

BOGBUE K HepG2 4T, 4224247 W1 F ik 42%F0
YA GERL S A2 R 3N EFL. 1R 24 hRWE
JHL, SR FH R P BB AR SCGEEA T P i, AR 5+ IR TG v &
VLA 05 450, K601 HepG2 4N TG &4,
2.6 HepG24HAa_t &% o AT N BEFE AR AN S AEFRARAQ I

HOWHUE K HepG2 4, 4224247 1R VL H2F0
e GERS S R 3R FL. KR 24 hE RS
F2HE, LA 3 000 r/min 5.0 15 min, B EIE W, #IA5] & 1
BT A5 M0 6 7 R B )5, K I AST \ALT L IL-1B . IL-6 #l
TNF-a 7K,
2.7 HepG2 #H Bl th SREBP-1c.FAS mRNA Hj 3% 7k
ol

SR FH SR 26 6 22 2 PCRYEZEATRIN . UG HUE K
1 HepG2 A ifd , #% 2 X 10" /AL T 6 fLAR h L #%72.47
TR )5y GER S5 4525 A 3R AL, s
24 h i, FEMCE RNA , SR J5 MR 45 9 7 S i) G i A 43 07
5, i 5%k cDNA, F3E47 PCR Y14 . PCR J i 4% 14
495 °CHIAEE 30 8395 °C7AEHE 3 5,60 °CiB K 30 s, 3£ 40
MER . L B-actin fEH NS, R 27315 H 1 5
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1) 22K 7K
2.8 HepG24ApH IkBa NF-kB .p-NF-«kB & B RiA#

% F Western blot 32 JEA 7, %S % AF 0] 40
JfL, 4% 2 X 10" ALAZFRF 6 LA, 4% “2.47 TR Tk or
H RS G, AR 3N E AL, difERFR 24 hs,
A ifi it RIPA 2R SRR (1, T8 T ok b 7o 2
30 min, T4 °C4514 F Lk 12 000 r/min &0 15 min, B
THWCR A BCA LI B A . HASE W AHS,
HET T R SR R M-SR DY A TR e B RS FRL UK, e B 5 LA 5%
JR I W %5 A 1.5 h, il A IkBa \NF-kB . p-NF-kB .B-actin
—Pr(FEREEEFI N 1:1 000) , IR E 2.5 h; L TBST Uk
3 YR, YK 10 min, JITA ZHL (R BB R 1:6 000) , %
T A 1 h; L TBST YR 3 ¥k, £ 10 min, A ECL 1k
22 RG], SR 4 A aik2: RO U8R . R
JH Image J 6.0 45130474341, LA IkBa 25 1 5 P 22 B-actin
[ IR BE AR HU A 7R IkBo 25 1 19 R34 7K F-, LA p-NF-kB
15 NF-kB 28 19 K B L (B 2R NF-kB & 1 i
ALK
29 HFHitFEFH*

K HI SPSS 25.0 B AP X E A AT Ge 1143 Hr , 45 R LA
Xt FoR, Z ] HUECR TR 3R 5 22 5307, 2 1) 1
K FH LSD-e K5 . K /K i =005,
3 H£R
3.1 GIXtHepG2 4BA8iE 11 R 40

550 HRZH A, AR 4 Hep G2 40 i 16 7 i 3 P A

(P<<0.01), SBIRIL LEE, GIAS R B 41 HepG2 4 fifd
W BT E (P<<0.01), 4592,
K2 BEAHepG2AEMTFENMNELLR (x +5,n=3)
) B a3 Bk
R 1.0140.02 Gl 1 mg/ mL4{ 0.90+0.02°
) 043£0.05° Gl 2 mg/ mL4] 088007
G10.25 mg/mL A4l 0.570.05° Gl 4 mg/ mLAL 0.8910.15°
G10.50 mg/mL 4L 0.8610.06°

a: X IR He A, P<<0.01;b: SHEAYA HUAR, P<<0.01
3.2  GI Xt HepG2 4 R A i 72 B B 22 M1

Xif R ZH HepG2 4H it 371 25 355 Wt , 4 ML 5 =F- &, 40 Py
RILLT R . FERZH HepG2 40 i N 7] LK1 (A )i
T A B 2 g RFRAR /N, GLAS R EE 4 HepG2 41
JiL PN ET G R TR 35 B S 0D, A0 A R 4 N B e AR
INIEH . AR ULE 1,
3.3 GIXI HepG2 ifa N TG S EHIZ M

5%k R A, B 2 HepG2 40 B TG 5 1 i 3
TR (P<<0.01), SR LA, G | Rk 4 HepG2
AN TG & 234 B &R (P<0.01), 43RS,
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AT RAL B.AEHIZ
C. GIThiiEAL D. GI k4L

Bl GIXt HepG2 HRAREBMH B M MERGHL O
*E)

*3 HHHepG2HM(LEFER) FTGEE FrIhaeis
PR RIEFEARKERMELE R (x £5,n=3)

15 TG /(mmol/L) AST/(mg/mL) ALT/(mgmL) IL-1B/(ngL) IL-6/(mg/L) TNF-o/(pg/mL)

popicei 1541035 123342712 8400484 2012+064 12335+155  201.23+9.78

i 255+030°  159.75£230° 13540£001* 46.82£333 162.0416.06* 368.62%6.72°

GUEKESL 2231043 1361044600 121021358 3623+216° 1555241139 2954311878

GUFHRIEAL 1824044 129234589 93824371 3475+264° 133.00421° 246.16+3.6%°
GIERIEA  164+020° 126314335  9084+387 27714065 130741631 21138542

a: XTI LA, P<<0.015b: SAAIZH L3, P<0.05;c: SAUAIZH
%, P<<0.01

34 GIXf HepG2 4 L&k P AT Th e fa bR FA K EHE
FRZKFE B0

5G%) BR2H LA, BRI ZH HepG2 40 S I 15 W h AST .,
ALT IL-1B . IL-6 . TNF-« 7K - #4 & 3 FF 5 (P<<0.01) .
SRR L H, G452 4 HepG2 i i L i b ik
& bR KT (AR5 £ 41 TL-6 BR AN ) ¥4 18 35 FAIK (P<<0.05 5%,
P<0.01),
3.5 GI3t HepG2 4l il 7 SREBP-1c . FAS mRNA &%
7K F R RN

55 5%F BB 2H T A, 1595 2H HepG2 4 g ' SREBP-1c.,
FAS mRNA FKik/K-F-1 i & THE (P<<0.01), SHEAIA]
oA, GI 4% Uk 2 2H HepG2 4 i o SREBP-1¢ .FAS mRNA
2% 3K K S ¥ i 3 AR (P<<0.05 8% P<<0.01) , %% %3
4,
3.6 GIX} HepG2 ZA Al & IxBa . NF-kB.p-NF-kB EH
FIEHI RN

555%F R4 He A, B 40 HepG2 4 fif P Ik Bow 25 1 36
TR KR 3 AR (P<<0.01) , NF-«B 2K [ # i fb K F 2
FTHE (P<0.01) ., SHAUL AT, G4 4 HepG2
A rh E AR Y TR AP BB RR Tl K T 1 T
(P<<0.058{P<<0.01), ZEHILK 2. %5,

EZG G 20224F45 33 45 191

£4 &/ HepG2 A H SREBP-1c . FAS mRNA & i%
KRN ER(x+5,n=3)

45 SREBP-Ic mRNA FAS mRNA
HRAL 1284025 089020
fig 6.15+0.75° 3744010
GLIEYkEEA 4411014 1764021
Gk A 305£0.10° 139+0.09
Gl kA 164047 135£0.10¢
a: SXRZ LA, P<<0.01;b: SHEAIL LA, P<<0.05;c: SHEAIH
He#s, P<<0.01

IkBa 38 kDa

NF-xB 65 kDa

p-NF-«B 65 kDa

42 kDa

i

B-actin

XPHRAl BOR4l GIIE GIH GIFH
WAL WAL WREEAL

E2 &40 HepG2 B H IkBa NF-xkB.p-NF-kB & H
FikHEikE

x5 HHHepG2 AR IkBa F1 NF-«B E B K ik (5
B ) K FHRMER (x +5,n=3)

415 TkBaB-actin p-NF-kB/ NF-xB

TR 1074008 0944003

i 0.8340.02 1074002
G4 1094006 083002

GUik AL 1.15£0.05 0771004
Gk 1.18£0.02 0812004

a: SXTHRLL LR, P<<0.01;b: SAEURA] AL, P<0.05;c: 54

oA, P<<0.01
4 itig

I TE WS 2R S W) I AR TE TAE Y A, A e
Bt Z S RPN RRAE R R A A o AHSEE
FER I, o 0 A5 Bk s 245 1l o3 EL A 0 1 DR
{HHJE A ] LIAYY NAFLD ARG, STt , 24 D
W B NG 7R 5 S5 1Y HepG2 41 i i NAFLD 41 i 5 Al , 45
T GIXT NAFLD W MGEEH XL . ARFRE R IR,
GI ] i 25 7 55 HepG2 4l LAY I 7, /D R A TE B, I
A TG & i & AST . ALT /K, %1 GI 1] /> HepG2
YA AR AR SR, LRSS 5 TR I n] usi /b P g AR
SRR,

NAFLD f1:f 5t fig B RR 52 ] 3 SO A R R Zpr A
ifekats , NS R 5E )V o IL-18 \IL-6 Fil TNF-a 55
& R 9E A 7 7£ NAFLD 0 J& v oA AR A, R %2
NF-kB {55 538 985", NF-kB {5 53 B (1 S S PR
& TkB J i (1xB kinase , TKK) F3G , 16 465 A TKK 7]
WAL TkBa I F IkBa 972 AL IS, BRI NF-
kB AL , 8RR AE N FACE T AT
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FAERR I, GLA] AR HepG2 4 A i IL-1B . IL-

6. TNF-a 7K F-, T i 4 i P TkBo 3 H 38 K-, FEAIR

NF-«B 4 H B R K Y-, 53X W G AT AR 18 -4 ] NF-

kB 175518 R R AR Hep G2 4 I S SN

SREBP-1c /& — i 5t 4 7, KR IA T R TG
Mt B, T {2 #F NAFLD &2 RSB, FAS &
SREBP-1c I Tl [K ¥, SREBP-1c 1 J& 7] {2 ik FAS 5t
(R Sk AR HE TG & AR B AR
ARBFFELE R & L, G| i SREBP-1c ,FAS mRNA (13
i5, BCHR GLAT3E ik 6 SREBP-1c/FAS {55538 [k Ul
/b HepG2 IR 2 .

g bk, GUn] s/ 5 i 197 R 175 5 1Y) NAFLD 4
JASE L F i Jo AR 2R IRl S RE B, HoAE P AL AT RE
i SREBP-1¢/FAS 2 NF-kB {5 538 A K.
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