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Abstract

AIM: To investigate the therapeutic effects of diet
change on nonalcoholic fatty liver disease (NAFLD)
and explore potential mechanisms involved.

METHODS: Eighty Sprague-Dawley male rats
were randomly and equally divided into five
groups: two normal control groups (NG8 and
NG12 groups; fed a normal diet for 8 and 12
weeks, respectively), two high-fat diet groups
(HG8 and HG12 groups; fed a high-fat diet for 8
and 12 weeks, respectively), and one diet change
group (DG group; fed a high-fat diet for 8 weeks
and a normal diet for another 4 weeks). The glu-
cose infusion rate (GIR) was detected by the eug-
lycemic hyperinsulinemic clamp test. The levels
of ALT, AST, TG, TC, FFAs, FBS, FIns, TNF-q,

SOD and MDA in the serum or liver were tested
using a biochemistry automatic analyzer or by ra-
dioimmunoassay (RIA). The expression of c-Jun
N-terminal protein kinase 1 (JNK1), insulin recep-
tor substrate-1 (IRS-1) and phospho-IRS-1 Ser307
(p-IRS-1°"") was detected by Western blot.

RESULTS: Compared with the two matched NG
groups, the body weight, liver index, the levels
of ALT, AST, TG, TC, FFAs, FIns and TNF-q in
the serum and TG, TC, FFAs and MDA in the
liver increased (all P < 0.05 or 0.01), the level of
SOD in the liver and GIR decreased (¢ = 4.88 and
7.92, respectively; both P < 0.05), and the expres-
sion of JNK1 protein and p-IRS-1°*" in the liver
was upregulated in the two HG groups (¢ = 4.39,
5.81; 4.60, and 6.48, respectively). Significant
differences were also noted in the above param-
eters between the HG8 and HG12 groups (all P
< 0.05 or 0.01). A positive correlation was found
between the expression intensity of JNK1 and
insulin resistance (IR). The fatty degeneration of
hepatocytes was aggravated in the HG groups
with the prolongation of feeding time. In the DG
group, all the above parameters were improved
but did not return to normal levels as those in
the NG groups (all P < 0.05).

CONCLUSION: A rat model of NAFLD and a
rat model of NASH are established by feeding
rats a high-fat diet for 8 weeks and 12 weeks,
respectively. Diet change can improve NAFLD
induced by a high fat diet.
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SEERE. IRENAFLDYY, il sty idsk
PR AERE SR AEA A ENAFLD, {HELARHL
A e A B P RV PR AR RN R
VLA 0, AE i v G R AR E T A T
ST, BRI, i R R A RN LR T
2 EARIBOTUEL YT O i, (AAI S INEENAFLD
SR bt ) e B L A (1 VS S 90 e RN 21 85
R U AE LR, DR H AT AR %
AR T ERMENAFLD. AR I L
M SD K s I I i ENAFLDRL Y S, %
IR B R B I i, R B Y
NAFLDAIT A FH IF 8- HAE AL

1 SRIASE

1.1 K & SDR 80, 445 150-180
g, R SER S he it YR e
I ) (e AR AR A IR A W) BCA
TR B I AR B (6 [ Sigma 2 7))« INK 1)
MIgG mAb. JE AR (insulin receptor
substrate-1, IRS-1)/M{mAb. % EZIKIEY)
1223 f2 3071 24k (phospho-IR S-1%"", p-IR S-
PN 2w DA LI BUR P, iR

(32 & Santa Cruz/A #)).
1.2
1.2.1 o SEEG B W T AR R Y

PENEFR T w4 SD K B BEHL 2 4 1E W K 4
(NGZL)32 A= R & L (HGH)48 L, NGALME
Tl kL, s W R (32100 git): RoKH32
g+ /NEERLS g KEMS g ZRRUF10 g THI
15 g MBS gv H#2 g WERE2 ¢ BEER
1 g. MM g k2 gv BEYEEZ0.03 g;
HGZH Pl = IR TaDRE, Ay 5388 EaDAsk 0 2% H 1] f
14% 58, 280 EaDEHA) A b g K2 S50 8 4
FC T 8 wkoR BEAL 220 -l LS AT IE A =
i % A e szt H AR RIARE e BR) . %
i 8 L B bR AR DCHR FRAS I, FRH8 wioh
IBAI(NG 8 wk41)F18 wkisi HE41(HG 8 wk4l); 4%
NN GGk L T R T4 whRR 12wkt
JRAI(NG 12 wk4l), JLARHGA FRENLS 212 wk
HIEZH(HG 12 wkd) IR 240 (DGA) % 16
H, HG 12 wkZH 488 ISR, DG LA i
TRIE TR, BIHrs4 wk. T 55 128 A8 &-41 K
I8 HATHIE AR, 5 25 Sl H 8 B Wb A il A
FKARBRAT I
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e & | SESDARARE. FFEE =8 FURLI, XO6 ) 5%, o M R 4y 72
oustis et a e S e N

O NF e FEMR0 W 3R 4000 5 % F 135 K BE UM, Tl
FFAs. Pavi:| KFRE(g) AFEE SRS SR IO
IR, NG 8 wk 370.38+ 27.22 2.25+ 0.25 HE R R Dimean+ SD#E R,
INK NG 12 "I‘(’k 393.50+ 27'49d s 0'26d WAL L, Wi s FF & B0 A0 K A K, an
HG 8 w 443.00+ 21.71 2.83+ 0.14 PN . .
IRS-1 HG 12 wk 513.00+ 32.63" 3.54+ 0.37™ o E' LR %\EJ \‘Jm Ff &iz% f%ﬁﬁﬁ JHR
DG 453,50+ 35.42% 2.74+ 0.17% MR, P<O.OSIH AT St 3. RAISPSS14.0
IRS-1 G R T A s AL A
IR.
INK1 °P<0.01 vs HG 8 wk ; %P<0.01 vs NG ;°P<0.05vs HG
: yx
IR 12 wk . 2 ’D%
2.1 S

W¥(fasting blood sugar, FBS). %N % 1f
(aminotransferase, ALT). W45 % Mf(aspartate
aminotransferase, AST). H ¥l —H(triglyceride,
TG). &JH[E A (total cholesterol, TC)X i 14>
H B A BT ORI, 2% i 5 2% (fast insulin,
FIns). JEEIASEE T--o(tumor necrosis factor-a,
TN F-o0) s IR F B %05 3 4 1 3l IsUH
Pyl A 5 . A AL B AL B (superoxide
dismutase, SOD). N [ (malondialdehyde,
MDA). i B iR (free fatty acids, FFAs) X /T
AR THINE.

1.2.3 oS A S 2 2L DL
WA E, & UK v S A s ) e, SR 9t
TVY A L HEY 0. W T i 17 2 1 2 E 4y
(-)-(F++H) AN ZE GG 1 28 AR 2505 B i 4
(HADZEAT PR

1.2.4 D RPN IR G hn R R
PO IR & F MU KA 12 hy, HI%
ELEE 224N T mg/kg iAo i I I v 5 BRI, 2EAT
2B JGCRH 29050 ke 0T B R R B AR
3 ) FH 24 o 480 A e 2 P B RN,
MR A RN bk 3 BRI TR ) A %k
10.0 mU/(kgemin), MizhAKECL, FH R i b
AR W0 A BE A, A FFARAS HRH A (Bl fBR (B +
0.5)mmol/LIFYaE P, Frsk FiRid FEiA2 hoe ik
FRR S 25, TR SREIR 2 ) A B e &
(GIR), 0 Bl PR JBR B 28 TRk

1.2.5 Western blot  : [FA 4128100 mg, 4°C
AP G PRI B 1, BCAVEIN & & ks,
HAARNEE, 175N BE IR Uk, e
PVDFI%, 50 ¢/LIit A5 @ = 355 1412 h, 43 Al
INKIHUH(L © 500). IRS-1F044(1 : 100). p-IRS
SRR D 100) EEAE 2 b, BEESINA
BRI AL BT LS S PR IgG(1 © 4000) 54T %R
IgG(1 : 5000), EH1 hFROERL. SR 5102 R

5ot FE S AR RIS TEAET R R 5 RIINGA
LeAE, HGALK R IN, A3, BRERTL
PR, RAERG IR, AR TR (fH: 5.90. 7.92),
I B(eft: 5.75. 7.42)% W BT, HG 12 wk
KRBT FHEEUY M 25 THG 8 wkil(s
fi: 5.05. 5.03); DGR R HHHEEEHG 12
wkZH W] 5 B (A : 3.49. 5.51), (E475 T'NG 12
wk@(HHE: 3.79. 3.53), ZRBHAG =X
(P<0.058£0.01, &1).

2.2 : 5RIMING
A, HGH K ALT(T = 97, £ = 5.49).
AST(HH: 499, 531). TG(T = 96. ¢ = 7.37)-
TC(fH: 2.30. 5.86). Flns(¢fH: 2.64. 3.85).
FFAs(ii: 3.86. 6.61). TNF-o(f = 10.53. T =
100)/K - AT TG(HE: 7.07+ 6.18) TC(T =
89.5. T =100). FFAs(t{H: 5.20. 6.18). MDA(¢
fH: 11.90. 17.83)/K V3444 51, A1 SOD(AH:
4.88. 7.92)KFIEML, Z=RBHAG 2R X
(¥JP<0.05); HG 12 wk41 5HG 8 wkZH Lb# L
F ISR bR, BT 5] % SO DK FEAR AN H 4 5 b
YW (ML : ALT: £ =2.39; AST: £ =2.26; TG: T
=95; TC: £ =2.19; FIns: £ = 2.61; FFAs: t = 2.22;
TNF-o: T =92. [T2)3: TG: £ =3.14; TC: T = 93;
SOD: ¢ = 2.21; MDA: ¢ = 8.59; FFAs: ¢ = 2.61);
DG4I 5HG 12 wk4l bR BrIH2128SODK-¥-F+
AN LR FR PR BRI ALT: £ = 4.54; AST:
t=273;TG:t=4.67, TC: t=4.20; FIns: t = 2.41;
FFAs: £ =2.79; TNF-a: T = 90.5. JT5)3%: TG: ¢ =
3.77; TC: t=4.15; SOD: = 6.01; MDA:#r=9.01;
FFAs: ¢ = 2.56); MDG4L5NG 12 wkZL EL#: B
JH 515 SO DK BEAR A0 e A 45 b 3 T i (L i
ALT: t =5.35; AST: t =3.73; TG: t = 4.40; TC: ¢
= 2.48; Flns: £ = 3.26; FFAs: ¢ = 4.78; TNF-a: 1=
10.38. F&J3%: TG: t=6.39; TC: T=96; SOD: t =
4.28; MDA: t = 3.78; FFAs: ¢ = 3.59), 7= 3 HAY
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1 REEAFHARIISS R x 100). A: NG 8 wk  (
D:NG 12wk (HE ).

); B: NG 12 wk  ( ); C: NG 8wk (HE );

&R 2 [IBERVSTUEIR 17 = 8)

payc| ALT(U/L) AST(U/L)

TG(mmol/L) TC(mmol/L) Fins(ulU/mL)

FFAs(umol/l)  FBS(mmol/L) TNF-alug/L)

NG

8wk 5323+ 10.18 120.69+ 13.62 0.70+ 0.26 1.73% 0.42

12 wk 52.00+ 8.75
HG

8wk 84.88+ 14.5"

12 wk 99.31+ 8.99*

149.33+ 8.85" 1.35+ 0.35"

123.29+ 11.47 0.74+ 0.25 1.88+ 0.38 10.17+ 3.38 381.00+ 55.42

2.58+ 0.95
167.01+ 20.28 2.03+ 0.43* 3.48+ 0.68™ 22.64+ 8.50° 601.38+ 84.37* 5.40+ 0.60 1.34+ 0.30

9.50+ 245 366.13+ 70.73  5.68+ 0.83 0.35+ 0.09

5.11+ 0.50 0.36+ 0.13
510.63+ 78.77"

13.94+ 4.09° 5.55+ 0.73 1.06+ 0.17%

DG 77.44+ 10.22°° 14456+ 11.34% 1.24+ 0.21* 2.34+ 0.37* 15.08+ 2.59* 505.38+ 48.73* 5.45+ 0.65 1.11+ 0.37*°

°P<0.05 vs NG ;°P<0.05 vs HG 8 wk
Giil 2 E X (FIP<0.05); NG 12 wkZl 5NG 8 wk
AR LA B TR bR, 2R ER i E R X, &
M FBSHLEL, % o giih 7 L (P>0.05,
#£2-3).

2.3 JHFRAZ I3 PHIV XHE G
@, a8 F BoRNGAL K RIF AU ERIIE
W, MTHG 8 wk4l. HG 12 wkZ T ST 4141
o1 0 I AS [ 7% B () J1- 40 B A 7 AR vk, 4 B A4
FRBEOR, 40 5T P ] W R/INANEE (1) g i, T
LR W AR PR B IR R I TR AH G HG 8
wkZH ok T R R AR HG 12 wk4L hy h-E 5 iR
J AR R I /N Y B DA DA AR I A
h Y AORE A MR, 4L b T A O RS Ok
J& b AR 2 I 1 T 4% (nonalcoholic steatohepa-

www.wjgnet.com

: °P<0.05 vs HG 12 wk

titis, NASH)FM B, WX Eia 974 wkia DG g
AVEFRERHG 12 wkZlks>, S e-rb B g 1A
Pk, HAIF 7 DG4 vs HG 12 wk#H: 2.88+0.35
vs 4.0040.76, £ = 3.81, P<0.01(&l1-2, 4).

2.4 GIR H5[FRIMINGZI L, HGAL K GIR[mg/
(kgemin)]ZKF- 11 55 B (HG 8 wk4l vs NG 8 wk
41: 8.11+1.09 vs 10.77+£1.26, t = 4.52, HG 12
wk# vs NG 12 wk#H: 6.31+1.46 vs 10.66+1.24,
t=6.41), HG 12 wkZ GIR/KF-H] 1% T'HG 8 wk
(¢ = 2.79), DGZLIIGIR/K-(7.83+1.06)4HG
12 wkZl T+, (HOMETNG 12 wk4LAE 55K
238, 4.91), =R HA G5 L (34P<0.05);
NG 12 wk41 5NG 8 wk4IGIRK T LU Z= 57 0
k2R X (P>0.05).
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2 KEAFHARBIENE. A HG 8wk (
100); D: HG 8wk (HE ~ x 100); E: NG 12wk (HE
400); H: HG 12wk (HE x 400).

2.5 INK1 . IRS-1
HRIANGHL LA, HGALK U4l
ZUNK1E A £IEE = 439, 5.81). p-IRS-1%7"(¢
fH: 4.06. 6.48)7KF-35; SHG8 wk4l b, HG
12 wk4LIINKIE AR IE . p-IRS-1° /K F-F+
Rt = 2.92. 2.47); DGAKHG 12 wkZHINK 15
FIRIE p-IRS-13"IKCOPBRAK(AE: 2.41. 2.45),
A TNG 12 wkZ(f: 4.45. 6.99), %531

x 100); B: HG 12 wk  (
x 100); F: DG (HE  x 100); G: HG 12 wk ( x

x 100); C: DG ( x

FAGE 245 L (HAP<0.05); %4 IR [FIRS-185
KL, ZRBTLGHFE X (3P>0.05); NG
12 wkA 5NG8 wk4 LR LA b & Tt dia b, 22 535
T2 L (389P>0.05, 13).

2.6 INK1 IR ¥
HG 8 wk#l. HG 12 wk#l. DGAKGIR 5T
HZUNK AT R T 5 &I GIRY
INK1HE R IE £ U2 A K (Pearson: -0.671,
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DR TG(mmol/L) TC(mmol/L) SOD(U/mgpro)  MDA(nmol/mgpro) FFAs(umol/gpro)
NG
8 wk 1.61+ 0.23 0.76x 0.44 21.64+ 3.99 0.72+ 0.14 408.32+ 70.73
12 wk 1.69+ 0.15 0.90+ 0.35 22.03+ 3.56 0.76x 0.27 425.61+ 61.76
HG
8 wk 3.79+ 0.84° 1.78+ 0.89* 13.00+ 3.03* 3.91+ 0.75% 598.70+ 75.75%
12 wk 5.48+ 1.26% 3.20+ 0.39%* 10.06+ 2.23* 7.98+ 1.11% 705.56+ 87.65
DG 3.50+ 0.79* 2.01+ 0.71%* 16.04+ 1.72* 2.53+ 1.30* 580.95+ 105.87**°

°P<0.05 vs NG

& 4 BEREIEREE (=28

; P<0.05 vs HG 8 wk

FHEZER

48
- + ++ +H+

NG

8 wk 8

12 wk 8
HG

8 wk 0 0

12 wk 0 0

DG 0 3 5 0 0

P<0.01); HIINK 14 [ 3R E HIRZK- 2 IEAHC.

3 e
W, IR B ENAFLD A 1) fE 6 R 25,
SR IR, MITRZANAFLD AN 1) IR
U720 AW T R MR S DK IR M o R AR
45% 1) TR kL8 wk T R T NAFLDAR
A1, 12 wkIE R TNASH. [f] I AL 82 2INAFLD SD
KT RS &, HEAIR, SINSIL
i IR LAE 0L B S T A AR R AR,
HL B = i vk o R I TR R S, DA B R
S R B R S R ORI A AR R R R,
S I TR AR, DA I S v IR T
TEHENAFLD) K A K .

VE 22T 903 U 1 Ak £ 36 s 72 e, ¥
5 | A P B T AR 4 K R R IR HEAR,
X L8 A n] B I B HIIN S B A RB IR A
W RV, LA TR AR A T 28 R Bl AUk B O A,
Pl RRE R 77K P T, AT 0 A I 1 1. 38
5510 B A FRINKAS S5l B 5E, THRINSHIfE 5
B P BURE . HArA Kk, INKAE 58 7
NERES IR PR OCEAEH, Em il s
(1 PP /N BRFR TN SRR AL VAL T I S i 77 55

www. wjgnet.com

: °P<0.05 vs HG 12 wk .

kDa

JNK1
46

p_IRS_ISer307 170

IRS-1 170

GAPDH 37

—
N
w
N
(9]

B 3 JERBFELREZEDRIA 10 NG 8 wk
wk ;3:HG8wk ;4:DG ;5 HG12wk .

;2. NG 12

INKE P W S T v, i e oA TN K 35 R g v I
TN/ BUTR AT B W96, BEPHINKIAENE
PP JCIR (VR A 5 e vt A T 24 F 22, IR S-1
AINSIE il Fr ok E A, INKISIRS-1
G5 E, S p-IRS-15 /K 44 2, SR S-1
(s s MR 1k, i FIHINSIE S5, 52
TR ARHF I & FAE s, 1E 5 K B 4141
INK14E (1 33% Jop-IRS-1%PK 859, i LAk
Febr e B MR 5 S FINAFLD K iU B4,
HINK1E AL SRR 2 IEARC, 144110
JFA IR S-1 88 (R IATE B o As, R s i
BT FIHINAFLD &l i 2 4 2UNK 1
fr, JLSIRS-1454 Ja il i 52 IR S-1 ) B R Ak )
fig, FIHINSIE 546 5 M FEUR.

W5 R TNF-a. FFAs. S84k N 3 s W 14
A BAE IR, AT m) URE S PR R INKAE 5
W, HINTR -1 22 2 R W W Ak, 410 i 1 2 1R
AR A IH IR S-1 (1035 1, M BIR P2, A
5T 45 B B /RNAFLD KU TNF-a. FFAs.
MD AK - THE, SODK - BEAR, I 505 i
A, Vh B G 07 DR R AR = A
b N s Y T S IR S 5 TNAFLDH &

w @ 50

“
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R BEILRE.

HRINAFLD ¥ G W67 7k, 205
2iWia T RS, AN R RV H 2 E. KR
WE9T R W, KB IRIT Fis 8h &5 & Bk AT Sk 3
NAFLD™Y, fEXFHAR KL, 5 & iig
Bl AR AE LU, T HL Y B I L ey vk S
Z B MR A T, WA R B SR TR A
R T VEIRTTNAFLD K 4 wiek i8¢
BT AR, AR mIRREIERIINAFLD
SRR RS RS I SR R R, 5 IR
W DRI . RIS A U
I IR, SE 2% AR 1D AR PR R 5 Jeg, FEPLIm]
BE A IE 8 I Va7 Tl M IINK g, 98>
p-IRS-13"7KF, H5RIR S-1/I TN RE, fEHEINSSH
S AL S, HETIRIIIR, [ FECTNF-o.
FFAs/AK T, 98059 %0 0N B0 N, AT B 3
NAFLD. it ik g i 4 m] DL 5 (1 238 NAFLD,
AT TE 2 M 2 B 1 05 7K, B IA B 5 4 0 i
i3, o] fe s IS OLA - 26T

AWFFUESE T WEAAS DA B R IR K &8 wk Al
JIIR EENAFLD K BB AY, 12 wk ] JEJNASH,
IR B LRI, INKAR 5 il Bk 5 TR %5 ) A
O MR TE B T X% NAFLD, 247 H ok
JEA LR BOR, T A RZ 4, IRITNAFLD
FEAL T BB AR BRI AT, ULHA R A BRI
7 A 1) R3S ) B /ENAFLDI B 6 ke
HEZEH.
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