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Abstract

AIM: To explore the prevention effect
and mechanism of pioglitazone (PIO) on
nonalcoholic fatty liver disease (NAFLD) in rats.

METHODS: Seventy two Sprague-Dawley rats
were randomly divided into three groups: nor-
mal diet group (NG), high fat diet group (HG)
and PIO group (PIOG), with 24 rats in every
group. PIOG were fed with high fat diet and PIO
for eight weeks. IR was tested by euglycemic-
hyperinsulinemic clamp; TG, ALT, AST, FFAs,
FINS and TNF-o were tested by biochemistry
automatic analyzer or RIA; mRNA expression
of peroxisome proliferator-activated receptor
(PPARy) was detected using RT-PCR. The ex-
pression of PPARy and c-Jun amino-terminal
kinase 1 (JNK1) were detected by Western blot.

RESULTS: The glucose infusion rate (GIR)
decreased and JNK1 increased in HG rats in
a time-dependent manner from 1* to 8" week
(P < 0.05). Compared with NG, at the end of
8" week, the hepatic steatosis was significant
in HG group. The weight, liver index, serum
levels of TG, ALT, AST, FFAs, FINS and TNF-a
increased, while IR was aggravated. Meanwhile,
the JNK1 protein expression in liver tissue was
up-regulated, while expression of PPARy was
decreased (TG: 1.23 £ 0.08 vs 0.62 + 0.12; ALT:
92.80 £ 7.09 vs 51.34 £ 8.12; AST: 153.22 + 20.65
vs 119.26 + 13.61; FFAs: 511.94 + 24.88 vs 335.31 +
15.71; FINS: 41.23 + 1.84 vs 22.65 + 2.25; TNF-ou:
1.02 £ 0.12 vs 0.34 £ 0.07, all P < 0.05). In PIOG,
all the indexes were improved, but didn’t com-
pletely return to the same as those of NG group.

CONCLUSION: PIO could prevent NAFLD
induced by a high-fat diet and other IR-related
diseases.

Key Words: c-Jun amino-terminal kinase 1; Nonal-
coholic fatty liver disease; Insulin resistance; Piogli-
tazone
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B R K34 As 3] 87 (pioglitazone, PIO)*SD X
S 3B JB MBS I AT 9% (non-alcoholic fatty liver
disease, NAFLD) . 49 -F FAE A B AL

Jiik: 8SDRRAT2A, MALYy A B4R
(NG). &5k HG)FAPIOFFL(PIOG)
£24 . PIOGRAA & B4, JEFI B TPIO%
it B8 wk. EHEFH M B 4 & F bR
KT, ik A b B B A AU e AL
3845, RT-PCRA& M| id A B4R 3G 54 My 3 &
Z & (peroxisome proliferator-activated receptor
v, PPARY)mMRNA & ik, Western bloth& | fT 28
ZRc-Jun® A K 9% ¥ B (c-Jun amino-terminal
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kinase 1, INK1)#=PPARy% & £ iX. BRI, AT R B IR IR SR AR AR R

£ R HGK AGIRAK-F Bk A=INKI & & & A&
Y3, ¥ 20 A AR BUIE(39P<0.05); 8 wk
KHG X ST 4n oL 8 2L 28 b T, 5NG
M, R E. 3 #%, TG, ALT. AST.
FFAs. FINS. TNF-a/K-F# 2% 5, IRnE,
INK1% & £ 35 2.9 &, AT RPPARyAA
B 2 AK(TG: 1.2340.08 vs 0.624+0.12, ALT:
92.80+7.09 vs 51.34+8.12; AST: 153.22+
20.65 vs 119.26+13.61; FFAs: 511.94+24.88
vs 335.31+15.71; FINS: 41.23+1.84 vs 22.65
+2.25; TNF-a: 1.02+0.12 vs 0.34+0.07, 3§
P<0.05); mPIOGK R, Lit &RI5ARH T2
U R &, 1245 R R AKX BING K RAKR-F(S
P<0.05).

2518 PIOXT T i & 84025 S 09NAFLD# 6
PRI EAHUIRAR % 95 9% A T AR R .

RERD: c-JunBE R I i, JEIEAR RS I AT,
JB 5 R AR, WLAE S ER

KEIR, RER, 188, XEE. MASYIEINS D AR IFTEHAS
AHAHRIE BV ISR R ENG. BRENBHIRE  2009;
17(8): 758-764
http://www.wjgnet.com/1009-3079/17/758.asp

03I
B AT IR b LUIR D A AR ) s i fr
V1S3 B o A B Sl 3 n, RS M DT T
(nonalcoholic fatty liver disease, NAFLD)f] &
G BT H TRk E S8 H S
FN20%-30%, A E ZN 1 A< A B g 4
IRt )AL AE ik A2 2844 PR 5 (diabetes mellitus,
DM) & P miE60%-75% /4. HiriA A
NAFLDJ& RS &5 51 (metabolic syndrome, MS)
(V) BB 57, FEMSAERFIE IS, Al ANE
e PR I A 45407 R 25 8 0 2 )8, H 5 MS. DM
AE IR FRT 0o 0 0L 5008 (1) R A R RE B AE T2 )
I R gk, NAFLD &R 2 B N
F& 5 CUR A BRIE 2 O A S IR AR
W9t &£ W, NAFLD % % 4K 5t
(insulin resistance, IR)Z PO, MIRAFELE
NAFLDJE ke S s A S Bk, Hor
HIEH EMNAFLDB 6 7k, A SH IR A]
RE A BTN AFLD ) — A =25 [t g
R FIli (pioglitazone, PTO)E Jy ME Mk — i
(thiozolidinediones, TZDs)Jf & 2 (insulin, INS)
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IR, {HEARBLE M ANE 22, c-Tun 2 LA U S
(c-Jun amino-terminal kinase, INK)f5 %5 il i /&
22 45350 B 1 (mitogen-activated protein
kinases, MAPK) 5 ji5 o =22 (i 4, g Jiroge
PRFE R F-a(tumor necrosis factor-o,, TNF-o0)%% %
PEDE 730, RTIN SAE 5 4% 51 47 [ 1 1 ke i
PO T TNF-ou T 20 I INK A -5 30 B 1 H
TINS5 W H 1 7= 2E IR PERIE TZDs ] LA s
XK 5 RSN R TN F-oifs 5 1M 7 A2 TR,
{HPIO S INKAT i lfk &, INK/ENAFLDJE 47
fIVEH M TE G R AR AW, JAT 8
PIOBEAT T, MEIATINKAE Tl IRFIE
AR, S HLTRN AFLDJE B 45 L,
JINAFLD T b5 S (H08 ) 8 i A0 T B

1 #RRSE

1.1 ## SDRR72H, i 100-120 g, ¥4
& . T PR K I S A B S B B ) 0
F AR TN AL A YU AR ARG &
(P YRR A R A F]). BCAE AWK
FEM R A f (e ESigmaA 7). B O HL(EE E
Eppendoffynl), & H KA AL EBiorad
A7) PPARyPUAGEECSTA ). INKI/M
IgG mAb(EHR&DA ) W Hiil — P Fht
L Pu(FEESant Cruz/A ). Olympust 2 Bl
Bi(HAROLympusa ). -70°CARIE UK (15 = vy
I P AT BCLA 6K & (Rt gL ALkt
FABRA ).

1.2 7 %

1.2.1 shapa A e s 50 SO K BN/ A 341
IEFREANG). mEXKE4HG)MPIOTTi
Y1(PTOG), FFA #2451, NGME Y rk),
TE IR oK G D3R At ae & 4 5l
21.52%, 19.03%, 59.45%; HG K P10 G4 i
JEwEr, LB F. T SRk G ie it aE
B0 14.81%, 44.84%, 40.35%. =A%+
1 wkFl4 wkABEHAME6 SR, JEAT IEHE = B
By 2 A S (B S0, WS FLIRTE L, 4b At
Jo B U A ZAFR AR GRS I. 8 wkoR =41
BT E 6 FUK B, BEAT R S5, JEAR KR
T T DK LA AR DGR AR A W, Ab A IS B U
Y ZUbR A 5293 BEAR Ak AR CHRAR A, PIOG
MEZEEE1 wkITUREE TP1OZW)ig, I AN10
mg/(kg-d), PIOBE SR A G, HIA 3 #h K E &
B, WRIE 10 g/L; NGFIHGOK BUT ZE 3 6

#F 5. & W, NAFLD
LIRE A%, @
IR 7T 4t £NAFLD
kP AL % GEAE
A. Ak, BITR
AF ZWNAFLD
5504 7 ik, 12 &
IR T At % A b5 &
NAFLD# — /£
75 6. wLAg5) BR)
THREKXAE S
R kAR I BT
A WIR, 12 AR
o RE
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WA %S 5
ARG AR
PIO*f ¥ & fi5 4%
£ $ 9 NAFLD
#HATF R, R
H A INKAZ 5
% IRF= 4 fig X
R, RETR
B NAFLD &, %9
2FIH. FFR A
B, 4 A PIOFA B
NAFLD &, 49 7T
REHLH) A BOERT
41 2 PPARY W £
ik, BAKTNF-of»
FFAsK-F, B &
Re RS, SR
S INKAZ 5 38 %,
FERINKIZ G A
ik, FIZINSIE S
B K, T 3ELE 3R,
By aEIR#Y = A&, i
7 3 ZENAFLD#
KA.

A5A TG ALT AST TNF-a FFAs FBS FINS
(mmol/L) (U (U/L) (ng/L) (U/mg) (mmol/L) (muU/L)

NG 0.62+0.12 51.34+8.12 119.26+13.61 0.34+0.07 33531+15.71 458+0.56 22.65+2.25

HG 1.23+0.08° 92.80+7.09° 153.22+20.65° 1.02+0.12° 511.94+24.88° 5.05+0.74 41.23+1.84°

PIOG 0.79+0.09° 60.12+8.01* 130.24+11.57*

0.73+0.08 401.26+19.39 4.58+0.87 25.08+2.52%

?P<0.05 vs NG; °P<0.05 vs HG.

AR Ry 2 Bt llig, B R By i HE H 4 2.
1.2.2 ik A Ak3g 4 M3 H il =FR(TG).
BHNHEEMALT). BHHEEHAST). M0
BECFBS). 1 2 R R (FFAs) ¥ 48 F 4= F 3h A1k
SRR, 2 B 5 25 (FINS) . TNF-of R
FHTBC G2 4 B B0 758 ey B SO 5

1.2.3 BB F e HFE 412180100 g/LH
R 5, AT ) Fr, SRATHEG (1 353
H VKR D), R IR P = ge . 3 e 2 A 3
FHE ARG WA PR A, AF HOBUE F .
SKUI LGS AN, DLSER 8RR AN SN A T
J077 7 ) 440 PRLBIT v T 3 LG SR 7 I IO I A A
FREE. FRHE S B 9 B2 (AASLD) 2002548 & (1)
NAFLD2 Wibre (41 2124 2 Wb A2 AT
1.2.4 IRAKF A Z: RHAIPEUT IR K S AR AE R IE B
i B B I S 5 (I S50 I TN S UK
PE, 55 K RRIZE I 12 h, G E L 22
1 mg/kg ipRI 5, HEAT S0 KRS0 KA 5 I
B . TN USSR 268 20 ot FH S Ak v o 5 XAk
AL BUE KGR N, MBS AR th 3080 ik 5 3R
B, INSHITEF 410.0 mU/(kg-min), MEZ]HKEL
AL, P 75 TR SR WO AR, o o A 2 IR A
5.0£0.5 mmoVLIFE [N, #74: FiRkidFHIA2 h
SERG. IS S5 RS, VHEHER2 iR A
71 % (glucose infusion rate, GIR), HJWi K R AJINS
TR AE.

1.2.5 RT-PCR#& M FF 1 2L PPARy mRNA & iA:
i FH TR Izo iR 71 5 S DA BT 41 23 b i B
RNA, #i#45%3%#3cDNA. PPARy mRNA Ljif5]
M5'-CCTTGCTGTGGGGATGTCTC-3', Fiif5|
¥)5'-CAGCGGGAAGGACTTTATGTATGA-3',
=) 0175 bp; GAPDH mRNA %5 [#)5'-TTC
TTGTGCAGTGCCAGCCTCGTC-3', Fiii5|4
5-GCCGTTGAACTTGCCGTGGGTAGA-3',
179203 bp. HL1.5 uL cDNAFIAH N 51 )16 Tag 5
FREEAE ] T4, JE W4 min, P HE354
TEIR, MG LFE4CAEPE40 s—58°CiB k1

min—72°C #EfHfi 1 min, %5 7£72 C FFLE{H 10 min.
PCRy =41l it 5 14k 2B (1) Bt B b I L vk, 12
HGel Doc20005E1 73 B R GeF14 7 My, dlid
PEo3 ATl A
1.2.6 Western blot# M| PPARyF=INK 1% & & ik
HUHAT 23100 mag, 48T 4 2 A SR U
BACAIIR )G HEBUR T 1, BCAVENE 8 Ak
B ARG, TR NGB L B ik, #%
2 PVDFI, 50 /LIt A5 9k =312 h, 43000
APPARYHUA(L  750)FIINKIFLA(L © 500), %
EAEF2 b, PRSI BRI ARG &5 A BT
FIgG(1 : 4000), 1 hFFuEie. SRRt
AR, X6 5. TR ST Y
BRI RGN E & B A B REAE, BT
W2k S PO BR TS SRR RO RS

St FAE P EE RS Dmean+ SD#
R, KRR E:, P<0.05H Gt 225, N
SPSS12.04¢ v 4 A1 1EAT Hhs b 43 #r .

2 #R

2.1 fk A iaten 8 wkk, 5NGHILL, HG
KEMTG, ALT, AST, FFAs, FINSHITNF-a4 1
W, WRCE W I 2E S (3P<0.05); 1 HIPIO
T4, 5SHGHILL, TG, ALT, AST, FFAs, FINS
FITNF-a 3 W 2 FA, (B4 NG, PP i)
W ENEZE R (4P<0.05); HG, NGFIPIOG A i
FIFBSHIIT, WM LU 34 T I8 3 1 22 5+ (P>0.05,
x1).

22 AP F T 8 wiok, Y6 FHEY(D
AT UUNGH R S5 K 15, o TH- 40 i i 107 A2 1 A0 58
ik 2 s s HG H DA ORI A = 1) i 15 A 1k,
J 5 A KRR R, A%, AT NPy
FNEA FLEIE; T PIOGAE i WL e R i A2 1, (H
TCRAELN P, IS =S WWHGHT 41 B N A
KEAGLLENGR, /NP g 105 22 2 1) JH- 40
T oy B4 40.27% £ 3.62%, IAF T AR AT AR
#HE; T PIOGAX AT WL HSCAE 23 A IR 2L (IR, AR IA
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1 AHARURIBE A A: HE!

Bt P ARSI ZEE(100 X ); B: 25 =5

N BRI RIS

11100 x); 1: NGHFHGTEASEI; 2: HGHFISHZEM:; 3: PIOGHghs2s:

121 [J1wkM4wk H 8wk
ae

10 F ac
gl ac
6,
4,
2,
0

NG HG PIOG

2 TB|HREARABREAGIRKEZL. 'P<0.05 vs FHANG;
P<0.05 vs PIOG; “P<0.05 vs [AHIHG.

IR PR AE(ED).

2.3 Ak 3% HGARRL. 4. 8 wk GIR[mg/
(k grmin) 7K~ Fifi P 5% I 7] S K 17 328 9 A, P9
WS LGB AT B35 2 S (3P<0.05); 1 wkR, =41
KEGIRAKF T B 5 22 57 4 wioR, 5NG
MPIOGLLE:, HG K BGIRK T F#E, bkt &
F 2 5 (P<0.05), TINGAIPIOG K R GIR/K
TR N, BT B E M E S 8 wkK, HNG
FPIOG LA, HG K BGIR/K I B PR, Lhig
A B E M2 7(P<0.05), MPIOGK BLGIR/K 4
HGHi =, (FARTNG, WM LA W3 %
(P<0.05, [&2).

2.4 FFLE42PPARy mRNAZE & £ ik HG AR
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8 wkA 5NGLL#E, PPARy mRNAFI K (414 1
WIAR, A W M 2E 7 (P<0.05), PIOTTil
AE A 3 0 = IR & 5 DEZ I PPARy mRNAFIER
FRIE, HMETNG, WA BEs xS
(P<0.05, ¥13).

2.5 FFAALINKIE& B &5 HGKRI, 4, 8 wk
INK 1 [ 32 1A [ 1B 7% 1 171 ) S K T 328 7 39 52,
PPN LR A W 1 22 7 (3P<0.05); 8 wkK, b
NGHIPIOGILH:, HGK FUHZHZUNK 1 8 Rk
A, DRI 25 1 22 7:(P<0.05); TPIOT
T, INK1& 1R IEBHGH K, H5m T
NG, M ELIRA 2 35 1 22 7 (P<0.05, [K14-5).

3 11e
AW P R RS DK B8 wk, eIl
AT SDRRNAFLDEIR, 1Z AR (1) A QIR E Ky
IR, FHINSIISE i HRMAE Iy 5 S B .
5 ILARBE TR 07 T SRR (A e Rk s
B 22 s 55 P LG, Rk
75 FNAFLD A BB H & N AR R AE, i&
BLTVE TR AT, BRI e . AR TR
{10 A2 Bl o MR IR KA T B N AF LDAS 4 2,
AR EW: NAFLD AR KEZHT
CTYATER T FralE) IR B A TIX ¢
AT a2, IR CEERPY. IR S
TNF-o = A= 5 5 KR A R I 2 8 25 AH AT T4 32t

iR EE
3T PIO T F
WE KL ES
#NAFLD# %% %,
— ¥R PIO ST
NAFLD & % fo &
J& P INSAE 5 i %
# %6, BRIRA=A8
£ ¥k I 0 s T
FET #0982
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W@ 5 #M

AR A Sh 52 B AR
kA5 R 2+ SD
KR AE B M B
W BT o T R 44 R
b5 A B, AT
s R B A 1.

A NG HG
PPARy

PIOG

175 bp

GAPDH 203 bp

0.8
0.6 ac
0.4 a
0.2
0.0

NG HG PIOG
B NG HG PIOG
0.8 ac
0.6 2
0.4
0.2
0.0

NG HG

PIOG

B 3 8 wkRBEKRBATHLLPPARy mMRNAREBRIEL. A:
mRNA; B: ZE[; 'P<0.05 vs NG; P<0.05 vs HG.

TNAFLDIW R AR E. Pk, f8 HAIREHE
(1IN AF L DA PRI A0 5 s 43 0 b 2L, W 5T 45
FWR: INSARHHE 5 @B (5 5 3 S i
AR 3RS R AR B 34 ) SRR, 146K 2 (IR
JEINS HINSSZ ARG & Ja 15 5 1% 3 i F A i
i, HEDINSEZAAR G Blebea i 2 . 5 25 52 )
(insulin receptor substrate, IRSs) Z:INSHUHZH 2L
41 5 IN SN 5 R B DDA
S E, HAPIRS-122 2 MR30747 2 (11 BE R AL,
XFIN SAF 5 A4 88 R F2 45 Ak T 2 1) 471k T 45 4
JHE (HIR S-1 222 1R 30747 15 K B R Ak /K152
FIINK . INK& —Fh 3522 1 8 M, b
A LA TNF-o, FFAs%E 2 DR 3 305 A 5T W],
INKA 5l B /EN AFLDJE R ke s 845 .
FIRSsH 4> F A INKIGE A FEA 751,
FIMINKI 5IRS1#E H 45 G, JFi6 FIRS-14
ZIRI0TAL 5 VBT Ak /K738 w51, FITHITR Ss1E 5
(IR A R B AL, TIRINSTS 5 2 INSSZ4A/IRSs/
PI3-KGl % 4% 30 8%, i R IRE. Bl
MR TE R I, 76 = IR &5 SN AFLDS) 5 A
A4 wkity, INK1 8 [ R IA O =, IRt T H I,
HLINK 1 3R IE 13550 5 TR (1) in F 44 52 W) 52 1)
I I AP, [ B AT TR R B, A3 FHPTOX = i
MEFE K R4 T, 4 wkIFINKI1 R IA I & A
B S IR i, IR R, 1 B 38 whoR, 1%

JNK1

GAPDH 37 kDa

1.0
0.8

1 wk 4 wk 8 wk
ac
a

0.6
0.4
0.2
0.0

1 wk

4 wk 8 wk

4 HGAREHEIFFAELIINKIBBRIL. 'P<0.05 vs 1 wk;
P<0.05 vs 4 wk.

NG HG PIOG
a
0.8 ac

0.6
0.4
0.2
0.0

NG HG

PIOG

B 5 8 wkARBUEABRFALINKIZEBRIL. P<0.05 vs
NG; P<0.05 vs HG.

A1 UIRFE L WA HG R B, BUARTF4141
IR, AT AL BINAFLDIZ Wikbsife. LA
g R, mIRIR S AT AEINK L A R IA R O,
T334 5 Y TN K L L 6 1) A A TN SR 5 i i,
A SIRM A, TTPTO RS LABH 1E i v g i frmg
IR FEUAINK LV IR IA R 38, AR, 54
FEENAFLD) KA.

H AT TNF-ou 5 LA TR A T
B0 M N 7, JE HAENAFLD R h
EFBAE Y, MTNF-a. FFAsHUIEACH 5
W B AR T A M A INKOE %, 5 1R AT
INK 1k 8875, SRS INS A B4R, S8UR. 4
ASZIGNAFLD SDA R ', TNF-a, FFAsA
MR /K T, UESSTNE-o, FEAsHIIRAL 2
5 TNAFLDIJIE R, HERILATHEHLEIR: TNF-o
FIFFA s IE N B IE A e, W0k T4l
i P INKGE %, 5 E0INK 1R (630 0 1w, ik
M= AE RN E TIR. 1118 wkA, RAFPIOG K f il
THTNF-o, FFAsHIIM AR K P BING A Bl &, (I
BACTHGKAR, UEW HFPIOKI T, ffTNF-a,
FFASHIIR AR 45 31 73070 5.

PPARy /2 5 7 40 i 5 [R 308 RTINS 4 A iy
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F SRR EEER T, S5 )05 41 o 4 R
BERRACE Y, SIRFEVIAIDE. Kawaguchi ef al"”
FE BT 3 IR IE R I £F ek R R I, T
WEPPARYZRIE F G MEX BEAIK, PPARYIF &1 20K
HFIPIOR YT AN T HF4Fdefb, ieddm T
JFAFPPARY I RIE Bidi k. BATMF I o, &
R iH S KRNAFLDA R ) P42 PPARY
mRN AR H [ R IA ¥ 0 Bk, miffHPIO
REWOE IFALZAPPARY, flIPPARYyR I G, 5
Kawaguchi et a/lf) 45 R—3. WF5C WK, TZDsh}
IN S 5380 8% 1A 49 4 H 32 2 INKAE 53
M6 R AEAE F P AR AR RV £ 5 S 1A R R
PRI /N BB o 5 TZDs 1 P AR, INKA)
FIHE 0% FAAR LA S IS IN S/ Y-, et i i 57
HHOA R E S T INKIE ] ffob/ob TNK-/-/)
BRI AR 07 4 B R 0 R B, B A A i S i
SCRE R RPN, IF SET Z D s BB 44 71 25d
INKGH % R AEAE L X5 FRATT I 52 56 25 Al —
2, RUAHEIAEHPIO T )5, PPARyIZE L E
W, JEE L FEEPUNK I B A RIE, 555 TIR, W
H2AUFSLAELE TNAFLD KA. AHAEFRATI 5L
v, MR 3 K B8 wk T A ) I B = A ] 8 5
), S DR A A g — 2D A S .

T K [ Py Ab X PIOHT T 4l 23 A By 2% vE A0
G AN J R AE H R ik — DR\, HAEH
BUBIE B FE: 5 S /e ] T PPARY, 7
FeACHE, Mo IR, o3 A5 i 412 I IN S
S, R T AN ) I ORI R A
H L1 7 A, I e 481k, ke ST 21 98
A M3 ST AN LR A, SE LR T 4T 44120, A
S0 AN HE — 2D IE SE T i IR R R e ek A AL
ZIPPARYIFIE, [ HPIOT T, BRI AT4LIZ:
PPARy, HERIY T PIOTIHINAFLDJE Bl fe Al
Ik : PIOM T Tl B0 A1 ZAPPARY K IA, %
fKTNF-ofIFFAs/K Y-, B R 7, JFid
INKAS Sl %, FEHUINKIE AR, HIEINSTE
A, AT A B AEZZ BT IR AR AR R A
AU AR PE, BETT ZEENAFLDI kL. Ji2Z, PIO
XINAFLDIEH &2 J5 T, i i gk — 0t
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