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RS, A3 MmN 0.5 mmol/L # 5 s Ay BR AT AL 3R 24 WG , F X HepG2 2 6 1 B 3 75 A% A9 Hr O, , #7027 = Bk H oy
(TG) 4%, 4l 0 o, L & i f R AR R 4 2B (AST) % RBR 45 285 (ALT) Ao SR 3547 [ @ S fe-& 1B (IL-18) \IL-6 i 7 3R 58 1)
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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 HepG2 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 @), 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 o« (IkBa), NF-«B, 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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A 5 K5 % B Wi P 9% (non-alcoholic fatty liver
disease, NAFLD) & — s RIS HRER G 1E . BlE ANMT14:
T ACE A4 5 , NAFLD 9 A9 5 R R3S I, 4l 2019 4%
WATIR A B ST, NAFLD [ 4 BR U R 5k 25%
JE B AR 24 NAFLD 1Y 3 ZERHIE , 38 5 LB &
JEER L], 5 R Y 92 AE W AL NAFLD B 55—~
BURFAES S R AE A 3 B AR AT TG AL A% A - kB
il #5 M1 o (nuclear factor-«B inhibitory protein o, IkBat) ,
T NF-wB {5 538 #% , 42 3F M98 SR 38 I+ o (tumor
necrosis factor-a, TNF-a) | F 4l i /1 & 1B (interleukin-
18, IL-1B) I IL-6 45 4 4 PR 1 R, DT 77 A 4 i

B TR 3R R HL T R 1 R E 2 oy 4 E 9 9 S 3R S st it
JE AT DL Y AE A0 RS BEA T T, IS 91T e % e I
fii Ak B8, 7 e M B AR A Y. H TR YT
NAFLD F ZAKGE LG a5 WA R F S8 51 (B 24
YIRIE K HR B RN 25 IR, A7 34k
BRI NAFLD (0254

Je 8 Ry e IR R ) 25 W 8 H Gentiana manshurica
Kitag. . W IH G. scabra Bge. . = 4£ w1 G. triflora Pall. 5
%I H G. rigescens Franch. B 1A S AR 25, H A W5 #4
PRNE T IR I, e PR b 5 A R IR Y 5 7] 32 2 H
TR, By a8ty ™ Bkt 11 25590 e IR
W FEE WS, BAA Z A2 BREE , ORI R (BT R A
FIRRAE FHE Y (B, Je BR300 Bt s 25 h 4> (gentian
iridoids , GI) J& 75 A 24 3% NAFLD i ANHAf . 36Tk, A%
WFFE T SE Ll D101 RALW IS AL 70 85 GI, SR ) LATF 25 i
15175 5 09 N\ 9 HepG2 41 il &7 NAFLD 4ff i 51 )
A 1) GL X NAFLD 9 o 3% 45 J & pL ), L ok
NAFLD G5BT iR 5%

1 ##
L1 EE=NHE

A EE B F B A AR A TM3 8 A 4 i 5 77
6 \Multiscan MK3 4 fiff 1% . QuantStudio™ 5 I 5 i %¢
6 5E 5 4 W% 2 2 W (PCR ) Y . IBright FL1000 1%
HEHE RS %1% £ 46 (35 [ Thermo Fisher Scientific A7 ),
810R AU B0 ML (75 [F Eppendrof 23 ) ) , Discovery V20 %
3 B 9O WU (1815 Zeiss 23 7)) , Mini Protean % 85 [
HLJKIX (35 Bio-Rad A H])

12 ZHm5ikH

JeNBZG A AR A2 2560 A B |] it
1dzc3-20171017-2) , £ K A5 H IR 24 K2 22 I8 557 il T 2
BRUE NI AH G. scabra Bge. BT 1RAR AR ZE . HiAh 2,
At 5 IGRAT iG 2R s (BLES) BLA R 4t 2120140)
DMEM } 37 3 ( 3¢ [ Gibeo /A 7] , it 5 8121342) , [P 5
G 7 55 2 2 WL (36 B HyClone 28 ], 41L-55 2331l 4

EZED 2022455 33 4 19

J210033.,J200012) , M £L O 1851 & (AL st R R A
FRZs A, it 20210426 ) , = FEH il (triglyceride , TG ) it
7 & (g st R A PR B L A1 20210612) , IR
% %3 I (alanine aminotransferase, ALT) {7 & . K& &
T4 % % i (aspartate aminotransferase, AST) i 7 & . /)
BUIL-1B U0 & ./ BUIL-6 30500 & L/ BUTNF-o 35057
(VL5 i e Sl A7 RS ) 416454331 MM-44625M1
MM-44115M1., MM-0039M1, MM-0163M1, MM-
0132M1) , Bt AR R (3¢ [ Sigma 23 ] , 41573 51 4
101298301.,1011202365) , RNA HEHGRAF £ | 35 51857
& . cDNA P 347 & ( H /& TaKaRa 28 A, #1b5- 235 4
AL40413A , AL50948A , AL61810A) , f Vi IkBa £ i [
PUi AR NF-kB 2 seEHUA B A (L 1 (HRP)
FrRic iyt E 4R e sk 8 1 G (IgG) —ht (R =8 4=
Yy B AR A BR 2w 445 23 51 2 00095768, 00086772
20000311 ) , e WM 2 b NF-kB (p-NF-xB) £ 5 [ bt i
(3£ [H Cell Signaling 23 7], 4tt5 17) . B-WL3h & 1 (B-
actin) . If IJj iR & A i (fatty acid synthase, FAS) | [ 5
VAT JC 45 & B 1 1c (sterol regulatory element binding
protein 1c, SREBP-1c) # PCR 54 i A= T A4 T2 (
) B A BR A |G 0, 51 P 5 5858 7 K B
WL,
#1 PCREIMFFIRYE=WKE

e HEAI(5'-3") IRASIY

Bactin L#5147: CCACCATGTACCCTGGCATT 189
i 147: CGGACTCGTCATACTCCTGC

FAS F3147: GCTGCGGAAACTTCAGGAAAT 84
FiE147: AGAGACGTGTCACTCCTGGACTT

SREBP-lc L3514 GTGAGCCTGACAAGCAATCA 103

Mg #: GGTGCCTACAGAGCAAGAG

1.3 ARa

N8 HepG2 4 MLl 17 H =R Be 24 1k 2 5 240
A2 T
2 FHik
2.1 GIRRE

FRIUEBZ5HE 3.0 kg, MoK B 2 4K (2 YOK R 24544
BT A 10:1.8: 1), B IR 1.5 he & 31 2 RUEWK,
Wi WUTR R O 1.2 g/mL AOVE TR (LA 251 . %
AR A N K R R BT VR B R 0.1 g/mL AR S I
W, A D101 KL BEAE | DL 30% & Btk A7 ik i 4
b, WA VR JBE TR 5 o R BT T 60 °C TN Ul R 2 1R e 4, 7%
T, BIAS GI(45- %k 7%, Horb Je JIH w5 1 1Y & & 54.6
mg/g) .
2.2 YHREEESE

$ HepG2 40 MR T 10% Ba2E 1T 1% 5 K/
5B 2 (1) DMEM 15 352 36 (DL R fRifk“ 85 32 3L b, F
37 °C 5% CO A MG FRA 15 9% o U A Ml 5 i A
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80% I}, F 0.25% [tk (1 1k , PR AR AR SR Ml 22
2.3 HepG2 fAAniE Hpy#&M

K H CCK-8 yE B TAR I o B %54 4 1 Hep G2 4
HL, DL 1X 104N ALEERD T 96 FLAR T, SR 43 R %t BRAH
FETRUZH F1 GI A [m]e FE 2H (0.125.,0.25.,.0.5 . 1.2 .4 mg/mL,
WS AR PB4 R ) A 3R fL. S5 30k
(121774, X BRZE A 1% 4 1035 86 (1 A 5 3R 0, Rl
A E 0.5 mmol/L i 125 I 17 2 ( Fh Vi1 R A R R 4
2 1 He B il i B, DA il NAFLD 20 fi A R []) )
BRFRHE S 254NN A N MR BE 2590 F1 0.5 mmol/L i 25
NEWAFR ARG FE3E . 5557 24 h)F , R I BEbR S 2 45 FLI
JCREAE, WO BRSO , 4TS ) iR
2.4 HepG2 HBaRE TR A IE R ER

K M AL O Yo o 1k g A7 WA . BR300 A4E K
HepG2 4fififd , Lk 2 X 10°ANAHLEERN T 6 fLAR Y, SRS 530
X2 BIRLAL RN GG b L MR B4 (0.25. 0.5, 1
mg/mL, W& FEARYE “2.37 W F 45 R E ), AR IR
fLo XHHRALIMA A 1% 4 1075 5 1 B 58 R R 45
RUZH IS A 0.5 mmol/L it 55 A i e il s 55 5L, GI 1%
R LN S R 2590 A1 0.5 mmol/L Ui 5 g I R
MR FRIE . B59% 24 h e, A AL A Feah 21 O Gy 3R] &
VR 5, AR5 SR F B W I R T T4
2.5 HepG24fiA TG & 2RI

B4 K HepG2 4l , 4% 2.4 T T J5 4584 |
el SRS G2 R 3 AL, H55R 24 h S UREEAN
J, SR R P RM A SR A T 7 i, AR 5 e BE TG il &
VLA 5 450, K0 HepG2 4N TG 75 .
2.6 HepG2 4 L& s AT Th BEFEARFN R AEFRARAR

WO A K HepG2 it , 442 2.47 T T J7 4584 |
S GERS G A 3 E L. KR 24 h eSS
FR3E, L3 000 r/min B0 15 min, B3, HiR500 £
B A5 A1 56 7 A BAE S , K2 AST L ALT L IL-1B . IL-6 Al
TNF-a /K-,
2.7 HepG2 #HfE# SREBP-1c.FAS mRNA B & & 7k
S gl

R I SE B 9 it PCRIAHEA TR . BOGH0A: &
19 HepG2 A g , 4% 2 X 10" /AL T 6 fLAR P, 42 2.47
WU J5 v GERE S 452 AR 3N E AL, s
24 h )T, PR RNA , SR J5 MR 4 108 5 s i) &b W1 43 07
%, WL Sl cDNA, P47 PCR P14 . PCR J b 451
SH95 °CHIARME 30 5395 °CAEPE: 3 5,60 °CiE k 30 s, 3L 40
MEA . VhB-actinfEHNZ R H] 2 it 8 H 5
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) 2RIE KT o
2.8 HepG2 4T IkBa NF-kB.p-NF-kB & H RKiE#

K ] Western blot 7 i 1745 I o B 20 A 4 1A 440
J, 322 2 X 10° A /FLEEF T 6 LAk b, $2.47 50 F Jr vk 4y
H RS, B3N E L, difukER 24 hig
AGE i RIPA 2l 3R BUE A, O 8 ok B e 24
30 min, T 4 °C 44 T LA 12 000 r/min 250> 15 min, B |
TR BCA Bl e 85 IR BE . R & 8 8k s
HEAT T B SR R AN -5 DI A IO e B RS FL UK L B 5 LA 5%
RGP 1.5 h, A IkBo .NF-kB . p-NF-kB .3-actin
— P (FRBEREY A 1:1 000) , M 2.5 h; L TBST v
JE 3 YK, BFIK 10 min, ILA —H (FR BN 1:6 000) , =
TR F 1 h; L TBST YEAR 3K, A:1K 10 min, il A ECL 4k
22 RN, SR 4 A a2 BOCRG a SUSig . R
H Image J 6.0 A4 7434, L) IkBa 25 115 2 B-actin
YK BEAE LU AE 7R IkBo 25 11 9 3R 345 7KF-, L p-NF-kB
#5115 NF-kB 4 [ 1Y K B2 (H L (E 275 NF-«B 85 1)
FRALIKF-
29 HFitFEFH*

K H SPSS 25.0 # 4%t B dis A1 g8t 3 A, 45 SR LA
x £ RN, ZH A CERCR HTER R R J7 2253007, 20 18] P
FEACR I LSD-t ka4 o A3 /K #fE 0=0.05,

3 H#R
3.1 GI3} HepG2 ZHAiE ST KRN
E5%F FRZH AR, B 4H HepG2 40 M 1% /1 10 5 [ A

(P<<0.01), SHEAIA 5, GIASIE HE BE 41 HepG2 41 /i
W N B EFE(P<0.01), 4Z5HENLE2,
K2 BAHepG2AMFENHNELER (x+5,n=3)

419 Mot 413 Mot
A 1.01£0.02 GI 1 mg/ mLA{ 0.90£0,02°
] 043£0.05° Gl 2 mg/ mL 4 088007
G105 mgmL# 0574005 Gl 4 mg/ mL & 0891015
G10.50 mg/mL 4 0864006

a: GXF IR LA, P<<0.01;b: SHERIZH LL#, P<<0.01

3.2 GIX} HepG2 4IRS iE 72 A B9 8 M1

Xif REZH HepG2 4 i i1 2 175 W , 40 ot =&, 40 N
R VLLT (A5 . KR4 HepG2 40 it 4 Al DL R B 41 (4 )%
T, A B 2= 4 AARFRAR /N, GLAS M 4 HepG2 21
it PN 2T i T 250 B s A0 B A R A N I L AR
INEHR . R ULE L,
3.3 GIXf HepG2 4l TG & =HIF M

55%F BAZH L, AR ZH HepG2 2R L PN TG & i 3%
T (P<0.01) . SR HLE, GTH | ik 4 HepG2
AN TG & 234 W E R (P<0.01) . 45333,
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AXTHRAL B. AR

C. GI'Pife 4
1 GIXf HepG2 RS E R BI R IME R (GHL O
e)

D. GI = A

#x3 EF4HAHepG2Ha( EF®R) PTG E= FTINRETS
FRARIEEARKERMNELE R (x £5,n=3)
Eibl TG /(mmol/L) AST/(mgmL) ALT/mgimL) IL-1B/(ngll) IL-6/(mgl) TNF-a/(pgmL)
pojicel 1541035 13341710 8400484 21121064 123354155 20123978
B 2555030 15975£230° 13540£0.001° 4682£33F 162041606 368.62+6.72
GURRIEA 2232043 136101460 12102358 3623216 1555241139 29543418.78"
GIFVRIEA 1822044 12923£589°  9382%371° BATSE264 13306%421° 24616+ 3.6
GIRWRIEA 1647022 126314335 9084387 27714065 130741631 21138542

a: XTI LS, P<<0.015b: SEIAIZH L4, P<<0.05;c: SHIAIZH
ks, P<<0.01

34 GIXt HepG2 #iffl £ iF il AT I e fapRFO K FE4E
R F R R

50T B 2H oA, BRI 2 HepG2 40 g - 15 W AST .
ALT . IL-1B.IL-6 . TNF-a 7K °F- 34 i 35 T} &5 (P<<0.01) .
LR AL LB, G 45 ¢ B 41 HepG2 4 il i rh [ id
FEBR KT (A7) 2 A TL-6 B Ah ) 347 4 35 1K (P<<0.05 1%,
P<0.01),
3.5 GIX} HepG2 £l 1 1 SREBP-1c . FAS mRNA &%
KEHIF

5558 BB 2H LA, #5595 2H HepG2 4 g SREBP-1c.,
FAS mRNA FKik7K-F-1 i 2 75 (P<0.01) . SRR
HeA, GL 45k 21 HepG2 41 ifd ' SREBP-1¢ . FAS mRNA
3k K T ¥ B3 AR (P<<0.05 B P<<0.01) , Z% 3
W4,
3.6 GIX} HepG2 ZH i # IxBa . NF-kB.p-NF-kB EH
FRIXHF

5% B2 A, 458 ZH HepG2 4i i o TxBo 25 1 32
KK 2 B AR (P<<0.01) ,NF-kB 2 A B R 1k 7K F
FTHE (P<0.01) . SEIRIA L, GIA W 24 HepG2
AR 1 3R B Y FRAA KT SR R fb K 3 fn 2
(P<<0.05E{ P<<0.01), ZEHILE 2,35,

2GS 2022 4F5 33 45 19

£4 K4 HepG2 A F SREBP-1c . FAS mRNA & i%
KR MEER (x +5,n=3)

Fibl SREBP-Ic mRNA FAS mRNA
TR 1284025 0894020
i 6154075 3741010
G4 4411014 176+021¢
GIrinfefE 325£0.10° 1394009
Gl Ak Al 1641047 135£0.10°
a: HXPIRGL LA, P<<0.01;b: SRR LAL, P<<0.05;c: SHERIY]
He#e, P<<0.01

IkBa 38 kDa

NF-«kB 65 kDa

p-NF-«B 65 kDa

B-actin 42 kDa

i

gL BORZAL GUHIT Gl Gl
WAl WREA WREA

2 &{HHepG2 HfEH IkBa NF-kB.p-NF-xkBEH
FiEmBIkE

®R5 &HHepG2 A IxBa 1 NF-«B & 0 & i (H
BRI ) K FHRMER (x +5,n=3)

45 IkBa/B-actin p-NF-«B/ NF-kB
hipiee 1.07£0.08 0.94£0.03

A 0.8340.02 1.0740.02°
G4 1.09£0.06° 0831002

GUk 4 1.15£0.05° 0771004

Gk 4l 1184002 081004

a: XA LA, P<<0.01;b: SR FLAL , P<0.05;c: SR

A, P<0.01
4 g

I Tk 2R A0S W) I AR A T AR A, oA e
B X SRV ERHEERCF A Y T A S A o AHDCE
FER B, e AE IS Tk s 28 1 o0 ELAT B0 ) ORI P,
B HSE A5 1] LAY NAFLD i ARG . 5Tk, 8 L
Ui B3 B W R 175 3 1) HepG2 41 Jifd A NAFLD 4 ks 754, £
T GIXF NAFLD kA KLl . AR A R o
GI AJ i 25 7+ %5 HepG2 4 LAY 1 7, 18/ R i) I8 B, -
A TG 5 & AST \ALT 7K, B GI 1] ) /b HepG2
YA A RR A 2R, FLIZES 5 5 I IR m] ut /b o4 g I AR
SE AR —3",

NAFLD 1 5 ig B R 2 AT S SO AR S (4
iferats , NI S RAE RN o IL-1B8 IL-6 Fil TNF-a 55
& 9 4E K 772 NAFLD #f e vh B 2 E ], HH 2
NF-«kB {5 538 # R ", NF-kB 15 53 J% 1 & 7
& 1B J# (1xB kinase , IKK) A7 , 76 46 J5 7 TIKK 7]
R AL IkBa I 5 IkBa 972 K ALREfE , DT BRI NF-
kB i ALHAAZ , S8R S R T KT ASHiE

China Pharmacy 2022 Vol. 33 No. 19 + 2357 -



FELER K I, GI T FEAR HepG2 4Ml i 11§ ¥ 17 IL-1B | IL-

6 TNF-o 7K F-, Jh 2 40 S 7 IkBo 2 11 535 7KF- , FEAR

NF-kB & FI R /K-, i W] GI ] B2 1 i 1 i) NF-

KB 155 18 R R AR Hep G2 4 Y S8 S

SREBP-1c &t — e s [A 7 , AR AT} iy il 3L TG

A BE R N2 2F NAFLD A & A R B!, FAS &

SREBP-1c (1 T i 5 ¥, SREBP-1c 31 i nJ fi2 iF FAS Jk

(5% SRR  HE MR HE TG 1Y -G U IR BT AR,

AT L5 &I, GIA] R i SREBP-1c ,FAS mRNA (13

ik, 3R GL 3@ it 4 SREBP-1¢/FAS {555 1 ik b

/D HepG2 4l IR AR 2 .

£i LTk, GURJ A B i 5 R 175 5 1) NAFLD 4

A RL ) AR BT AR 2R L I S E SO, HAE FIAL I WIS

il SREBP-1c/FAS ¢ NF-xB {5 5l A X
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