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WE: B

i RSN SR (Oleic acid, OA )75 AR 28 V5 AT 40 i HepG2 RERLARZ T 191 By Jig 117 5%

B aTHLH . AiE FIAFLRR BT (LDH) BTN ™ T X HepG2 AL A2 ; A1 0.5 mmol/L. OA 5%
NN HepG2 FES7 A A1 g I 2R FLAN A5 AY , 3l s Y 2T O Ye (o 00 SR H I =8 (TG ) 2 2040 2 4 Al A A
TS M A3 BRS¢ 6 2 it PCR $5 AR X Western Blot 3 AR TERE 55 7K S K B /K SIS I AF G 45 19 0 220
Z5 L ER O THIMIRAR S T2 HepG2 0ME T LDH F#L , (HIMBR 238 AN TG REL, Wi T 6878 il OA

1% S0 HepG2 4IHEH TG HYR,

VL R B H ML 3L 44 FE i (Diacylgycerola cyltransferase, DGAT) FU¥55% (P<

0.05) , [ Fisf 38 % 1ok 8 A 400 Bt AR 338 51 ) 3846 2K a(Peroxisome proliferator—activated receptor alpha, PPAR—a) %5 5%
(P<0.05) M FiF( H 55 T v BETFEARSE ), 32517 418 12k 0 368 IR P 25 0ol AR Bk 4% 2 B8 ( Carnitine palmitoyltransferase,
CPT)IEsk . ik M T RERE IR AR N ME T A HepG2 th PPAR—o % S RIEBHIE , HE A #E LR AL DR CPT (%%
S, R T AR DT IR Y KA A QIS , 15 BE TRT I X DGAT % S AR BELLE 1 TG B . IS5 R E— LW 1 T BiaaE
TR TENE T E T A VR RIRILHRD , S T I RAE S48 1 B AHR A0 S0 Bl

KR MR FTANM; T ZRRIEHIMIBERE AL RORG s A RGBS ISt AL il

HESES: R2855 XHRIRERRD: A

AETRS 1 BE Wi 4 % (Nonalcoholic fatty liver
disease, NAFLD ) J2& 225 [N 5 [EC A LA AT 440 i A1 i I
B AU 20 L 177 72 1 DA R B i PR B 25 5
AL A5 PR AR RS HE AR T (Nonalceoholic simple
fatty liver, NAFL) , FAEVERS P4 B8 5 1 JH & (Nonalco—
holic steatohepatitis, NASH), #F—2L 1] & Ji& -4
YAl , H AT . BFERER T H-h b IS DR A0 H
T Uk, 285 BRI IR AR A H I — PR iR e &
A% H T =g (Triacylgycerol, TG ) ; [ i} TG L HEAE—
FIVNRWIEEAERITS a0 e S AR DR L O
REA ML AR B HZUR Y, ER1S TG ARG
HE P B H AL AL i (DGAT) F DA REA AR
el B2 A% I ( CPT) 23t S T 3 =R 5 U AC s L s
W2 & U A R GE R . L 3 AN
)5 Rk, HAEESEUF RGN TG R, et
NAFLD 5 A F1& Jie o T ik S8 A ) Tl A 084 B R

XERHS: 1000-2723(2015)05-0001-06
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PPAR-«) SRR HEIN FRIK (4% P 52 1A S5 [N -
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A EIFiA NAFLD B H . [HS2 5 TIRYT NAFLD
(5 FHL v AT R, R AR A AR — 2
R TRYT NAFLD BIVE ML B R0 5, XFh
JEFT R IR, IR A I NAFLD 1557 &
i HA R R

1 #EFFEE

1.1 ##

1.1.1 @i

NIFAHIRE HepG2 W H FRARS: L2 A R
1.12 KA

249 Al PPAR-o $iL4A I H BOSTER (H1712),
B—Actin FiA [ Santa(B1914), LDH & &
(317674 ) .BioEasy Master Mix (SYBR Green)
(BSB25L1)¥J H Thermo. BCA &5 &4 F b5 5
%) (BCA-01),Trizol W4 H Invitrogen(103205),
FOT A T B AR R (RW95247Q301, 46
J#=95%) , Bt i 10mmol/L JREAE . 514 ik
T AR, HAth Ak 7 Sigma—Aldrich 23 7] .

12 Fik
12,1 @R REAET

NIFAIHIRE HepG2 I E 10% B84 LG 5 R
100U/mL 5575 % 100pg/mL ) DMEM 55 5555 9%,
37°C,5% CO, S5 NS . U EE TP 1) 40 B B
80%I} R AT A AR A R 71,

il AN B, A0HEHE 2x10° AN /mlL 25 2
FhF 24 FLEFFRAN, BRFL 1mL, B HepG2 40143 A%,
4 2O {AXTIBAL(UT) : AMEATT 259 4 2 ; @
T4 (Rutin) : A H P T AL ; @OA 41 (0A): AL
OA Kb ; @ T +0A 41 (Rutin+OA ) : 25 T HikbH 5
JIA OA Zb3 UL L 4 B 3 NEEH, T W
AEFE 2h JE @) . @AMA 0.5mmol/L OA £ 374
SN2
122 HepG2 Z 4T O 46

PBS i ¥k 2 i ,4% 2 K H [ 500pL/AL [H E
30min; T BEMZLAG A WAL+ B FK=3: 2,3
Gt Vg S 2 IR AR 10min; I 8 IIMAT O Jeik
500 L/ALYL A 10min; FH 60% 5 P8 58 v i €4, [ 2
ZARMYRE; 40 565 0 BT AR AR,

1.2.3 HepG2 4 W TG & &l &

MEL O YL 5 35T NI 4% NP40 7
TIPS I, 7 B0 RS Je WG 200 L 1 38 FH 1300 5 1
.

2

124 LDH =

HRAE LDH A5 I 58 751 G 18 W0 e 44t i 355 53 9 v
LDH 154, 438 45 4 1] i A i 2 AR
1.2.5 SLEF7%OLE & PCR

R4 Trizol 1) & — 5 15 $2 B4 g A2l 21 2
RNA, 58 bl 5% SR A SE I 96 7 PCR. T IS 14
W 1 Fros(B-actin RS XTHR)

&1 519F5

Name Sequences

Sense:5'-CCCTGTCTGCTCTGTGGACT-3'
Anti-sense : 5'-CCGAGCTCCAAGCTACTCTT-3'

PPAR-«

Sense:5'-TCCAGTTGGCTTATCGTGGTG-3'
Anti-sense : 5'-CTAACGAGGGGTCGATCTTGG-3'

CPTla

Sense:5'~ACCTGGTCAATGCGTATCCC-3'
Anti-sense : 5'-ACTGCCGAGTCCACTTTCCT-3'

CPT2

Sense:5'-TCGCCTGCAGGATTCTTTAT-3'
Anti-sense : 5'-GCATCACCACACACCAGTTC-3'

DGAT1

Sense:5'~AGTGGCAATGCTATCATCATCGT-3'
Anti-sense:5'-TCTTCTGGACCCATCGGCCCCAGGA-3'

DGAT2

Sense: 5'-CACGATGGAGGGGCCGGACTCATC-3'
Anti-sense:5'-TAAAGACCTCTATGCCAACACAGT-3'

B-actin

1.2.6 Western Blot

FHRLREPE R T, H BCA 1255 S e ik
JE o P2 A R AR TR B ORI B 20pg FEAR
SDS-PAGE HLIK &R HLUK AR GRE (—Pi 3l h
¥t PPAR-a B 11 Ji B-actin Z5 1) .ECL 5% WG
SRR 2R 1 2RI 0 ( B—actin IS XTHE) .
13 %itsgam

FIFH SPSS17.0 Geit#idt, Aol LA Ee bR 22
(x+8)FR A AEBER IR R Ty 2253 #7 . LA
P<0.05 WZERA G E L
2 H#R
2.1 FT4pH OA %349 HepG2 @i 1 TG #9485

H 20pmol/L 5T Fi kb B HepG2 41 2h, F5- i
A 0.5mmol/L. OA W& i, LDH 452 7R, 0A 41,
Rutin 2 . Rutin+OA 203X 3 MBI A6 15 UT
HAH IO B 22 5(P>0.05), WA 1, OA ZH40JHI N
TG e UT 411 1.63 £5(P<0.05), 15 OA Z1AH
EL, Rutin+OA 41 TG & & B EFHAL, W 2. il
SR EIAL O YL g B LR AHAT : OA 1EH 16
h 5, 2 4 240 ML ih S IE M7, L0 O Je (a5 5 T e



555 )

W ARG T AL AR TG AR 40 R 5 A2 M r AR LRI B 5T

25 IR R A T A A0 A N JL-F- JC 2L AR s UT
1 Rutin 2H 20 g A JL-F- JCLL AR 5 10 OA ZH AN
Rutin+OA ZH 20t N Z1 (5 B P W 388 hn , o3 A 7E 4k
HRRASE Y X I, 2 I AR/ NTAR s (25 OA BERYZH AR
Lt , Rutin+OA 4R & WA X, WL 3,

o=
0 1 ' 1 I 1 l
Rutin OA RutintOA

ur

LDH Release (Fold of UT)
L

x+s,n=3

1 oA T IR ZE Y HepG2 HAMES 4R8N

2 -
' I |

*
Rutin OA Rutin+OA

-
*]

TG Level (Fold of UT)
(=]
[ -

0
uT
x+s,n=3 "P<0.05,”P<0.0l vs UT

B2 oA T XMAERE M HepG2 4k
TG &R

(A) UT.(B)20pmol/L Rutin.(C) 0.5mmol/L. OA.(D) 20pmmol/L
Rutin, 0.5mmol/L. OA. OA group.(C) was significantly stained
by oil red O staining,but relieved in Rutin+OA group(D).
B3 XFRMET(200x )WL LG AT
HepG2 4B TG & EHIFM

2.2 P T3 PPAR-a 4 F B E0E 0 %ok

B 4 #l H Real —time PCR J7 ¥ X kb #F 9%
PPAR-o TEA[RIBFFE A e sk P 25 57 . 45 R 10
N, UNE 4A, 5 UT 41 ER#E, OA 4140 N PPAR-a
mRNA FiA RN 62.4%, 55 FHRFFK (P<0.05), 1
Rutin+OA 217 PPAR-a ) mRNA ik &k 284%),
EURIEI (P<0.05), A T i — AR5 T Xt
PPAR-a #K FIIR A1y, R PRI FRAS [m] vk B2
AEFEAR Y, Western blotting Z5 R 4NE 4B, 5 UT 41
FHEE, OA 21 PPAR—« 25 1A AN i, A
P [A] Rutin+OA A1 28 I FRAE, 55
P M BEIEAR G

A 300 s
g 250
ze
‘;2 200 |
)
gz 150 t
22 100 | s
S
BT 0 I
a.
0
uT Rutin OA Rutin+OA
uT 0OA  RutirtOAl Rutin+OA2
B 1 2 3 4 5 6 1 8
PPAR-a

B-Actin

A:PPAR-a gene expression in HepG2.B:PPAR -« protein in
HepG2. x+s,n=3. "P<0.05,"P<0.0l vs UT.

4 AT3AERAZT M HepG2 4l PPAR-«a

FERE K EAEIIEK T Lo

23 FTs&wmief CPT #= DCGAT A H 453w
#

CPT j2fgWitR B Atk b By B il , AT
X AR L LA mRNA AU FL T,
ZERANE SA FER, 5 UT Z4UAHEE, OA 44+ CPT 1)
PANIEAY (CPT1a A1 CPT2) mRNA ik & i R
(P<0.05); Tfii Rutin+OA ZH 15~ Y mRNA £
R EET OA 41(P<0.05),

FTXRT TG AR, B Al 68 242 TG
FI AT REJEIN ] TG A AL (5 DGAT #H6 ).
Real —time PCR 45 R & 75 ,0A 41 f DGAT1 #iI
DGAT2 (%) mRNA AHX #3551 43 52 UT 411 3.75
551 3.94 1% (P<0.05) . 1fii Rutin+OA 21+ DGAT
A AR mRNA ik i 5 ARV 3 1E # K E S
OA AL C B FRAIC, WA 5B,
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120 ¢ BCPTla OCPT2

)
3

* 3k

o®©
(=}

Gene Expression
(% Relative to UT)
oY
S

u
-

uT Rutin OA Rutin+OA
EBDGATI

ODGAT2

* %

Gene Expression (Fold of UT)

L]

0 .
uT

A:PPAR-« target gene expression: CPT—1/2 gene expression in

HepG2. B: DGAT gene expression in HepG2. x+s, n=3. P<

0.05,"P<0.01 vs UT.

B 5 ATXIRERFEEM HepG2 i CTP X DGAT
TR Tk TR

Rutin OA Rutin+OA

3 itig

Bt 5 2E 16 KT 1Y H 25 52 5, NAFLD B SRR
Wit e, R e RS, EREEK,
NAFLD £ 58 A 18 M 9 B2 i 3 2 S IR s B8 i T v
A2 bR I, ZEFRE SO TR s MR, NAFLD
CLR R 2 TR — K e DA e, ™
B NS A B . NAFLD &Ll & 2%, H
AU TA R Day (9« kT a5 240870, Ho e — K
FIe7 7 LARR B S0k | P9 J5 I 7 38 RN b AR Ty fig
PihE. O 25 CHHIGE , PPAR-a (RIS 5
NAFLD A77F— 2 [ IR AR i 2 /K T 1) 3%
S PPAR-a J5 , 175 SR D R S Ak 1) SE R /e 5%
St oxst g s W Ak 14 R g, 2E T AV R B A
MOTCRL, 6 81 20 1R 07 T AR 3 1 45 S 2R 1 v
Hi A T 152, Ying Cai 28 A2IHFSE KR,
T RENS s db/db /)N BT 40 PN IR T 10 R
B EAK TG (17 i, R 7E /N B4 JUL PR 4L 2 URG
F| =V EE 1Y PPAR J% 85 o Cheng—Hsun W4 A
B, T RENEE i IR D B R BN AR AN

4

O A REAR HepG2 4NN TG AR R AW 78 th7E 4l
FACTFIER T iX —Z5 8L IF Hid it — 20 R 3™ T fig
WS AR PPAR—o 78 5% S R BH 3K OF- i %48, 1
7 HAT g I PPAR —o K 1 455 41 it P9 R 1 AR AR
W, SRR TG FEATF AN TR . CPT & Zh:
RN iR -4k =2 L A9 FR#E il , 4 CPT1 AN
CPT2 W25, CPT1 i FLRARPIBESMI, fi Ak K 4%
J I 2 DA e LT T A 7 7% 28] PR B3 L 3 1 AR I
EAZRLAR PR, I Hatb— 2D A TR AR AR L
) CPT2 fEAL N HEAT B A4k, FRAT A 2~ T 38
it PPAR-« 30 CPT W45 5% o ik sE AT A4
FATRI T AT XA N CPT 35 sgm . &3
R T AR RO 23] CPT 145k, H I
RO OA T (BRI TR OA A3 4
Hirf CPT %% 5 AR LIRS o AR i b s b D) g
W, AR 258 . SRS FRAT A FAS
A, 2T AUGHE T PPAR-o YK T 5 A 52 3 )
CPT (%55

bR T BEfRAs, WA TG & &0 —1
R Z IR LA S TG A . DGAT /& TG & i
PRI , 7> DGAT1 F1 DGAT2 WiFh iy &1, GE itk —
ok e 0B 5 R IR 3 A B = BE HIM A S ., 7E TG
AR T B CEEIMEH o BN T v
& SR NEZRAERG D7 h A DT 2K TG 19
WEARK KR . Kong 11 Charles APVAESZEGUEH
DGAT 7 JHFWE b 9 2o 3% 28 68 1 20 M 375 I b AR R IR
JBT, FEAFH PSR Y SRR A0 FIR I R & B TGO,
FEFRATHBEFE R T A5 20 4 i DGAT (1)
mRNA Fik i, RIS T Rets i 230 6 iR 15 51
AN DGAT1 FI DGAT2 Ay LR &L 55, il 1
OA FESFI TG A .

ZE L RTIR AT RERS IR AR M HepG2 4N
TG & i, TEH SRR 384N PPAR-a
MIFRI5 . I HRBUE IS BRI R A& 2 rh CPT 3R
ik, [FEHI ] TG & it FRig e DCAT ik . 3
AT T 2 A B A P9 PPAR—o 1635, Pk
O 1R 10 5 1 P40 6 e i 5 R %) 1 5 SR A ARt ol
BEMTBR & R, PRI ZE OA 5 ST -h TG
PUAR R . [FIE A T ] DGAT By#e s sz 1
NG AE PRI TG i B A . il UL, 2 T X R
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Rutin Inhibits Oleic Acid Induced Lipogenesis in Hepatocyte Cells via Regulating TG Metabolic Pathway

PAN Ran, DING Bin, HU Linfeng, ZHANG Fuli, DING Lei, FANG Bo, XIE Lufan, DOU XiaobingA
(Zhejiang Chinese Medical University, Hangzhou 310053, China)

ABSTRACT: Objective To study the role of rutin in TG accumulation in oleic acid induced hepatocyte cells. Methods The
effect of rutin and OA induced cell death was determined by lactate dehydrogenase (LDH )release assays. Human liver cell line
HepG2 was used to establish the cell model by 0.5mmol/LL OA. We measured TG level and use oil red O stain to determine whether
cell model is successful or not. The level of proteins adducts were determined by Western blotting. The level of gene adducts were
determined by Realtime PCR. Results Rutin and oleic acid could not increased LDH surge, but cause the oleic acid induced
intracellular TG accumulation in HepG2 cells. Rutin could inhibit TG accumulation and DGAT expression in HepG2 cells, increasing
the expression of PPAR-a and CPT. Conclusion Rutin activates the transcription and translation of PPAR—a in fatty degeneration of
HepG2, and promotes the transcription of its target gene CPT and fatty acid degradation. It also prevents the transcription of DGAT,
and inhibits oleic acid induced TG accumulation. The results elucidate the prevention and treatment of rutin in nonalcoholic fatty liver

disease, provide theoretical and experimental basis for the clinical use of rutin.

KEY WORDS: oleic acid; hepatocyte cells; Rutiny DGAT; CPT



