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Abstract

AIM: To establish a rat model of nonalcoholic
fatty liver disease (NAFLD) to detect the changes
in the expression of liver fatty acid-binding
protein (L-FABP) and peroxisome proliferator-
activated receptor-o (PPAR-o) mRNAs in NAFLD
and to explore the mechanism underlying the
pathogenesis of the disease.

METHODS: Eighty-four male Wistar rats were
randomly and equally divided into two groups:
control group (fed a normal diet for 18 weeks)
and model group (fed a high-fat diet for 12 wk
and a normal diet for another 6 wk). Each group
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was further divided into 7 subgroups for testing
at weeks 0, 2, 4, 8, 12, 16 and 18. Rats in the two
groups were sacrificed at each time point. Blood
samples were taken to measure serum ALT, TG,
CHOL, HDL-C and LDL-C. Liver samples were
taken for HE staining and for detection of the
expression of L-FABP and PPAR-oo mRNAs by
real-time fluorescence quantitative RT-PCR.

RESULTS: The expression of L-FABP and
PPAR-a mRNAs in control rats showed no
obvious changes. No steatosis was observed at
week 2 in rats fed a high-fat diet. The expres-
sion of L-FABP mRNA increased obviously in
rats fed a high-fat diet at week 4 (0.59 + 0.06
vs 0.52 £ 0.03, P < 0.05), reaching the peak at
weeks 8 and 12 (0.91 + 0.07 and 0.92 + 0.08 vs 0.52
* 0.03, respectively; both P < 0.01). At week 18,
the expression level of L-FABP mRNA declined
significantly (0.59 + 0.04 vs 0.92 £ 0.08, P < 0.01)
but was still higher than that in the control
group (P < 0.05). The expression of PPAR-a
mRNA decreased obviously in rats fed a high-
fat diet at week 4 (1.05 £ 0.09 vs 1.13 + 0.07,
P < 0.05), reaching the lowest level at weeks
8 and 12 (0.89 + 0.04 and 0.85 + 0.07 vs 1.13 *
0.07, respectively; both P < 0.01). At week 18,
the expression level of PPAR-oc mRNA was el-
evated obviously (1.04 + 0.07 vs 0.85 + 0.07, P <
0.01) but was still lower than that in the control
group. Steatosis become worst at week 12 but
was improved greatly at week 18.

CONCLUSION: In the progression of rat NAFLD,
PPAR-0. mRNA expression decreases and L-FABP
mRNA expression increases as steatosis becomes
worse. Steatosis can be improved through diet.

Key Words: Rat; High-rich diet; Nonalcoholic fatty
liver disease; Liver fatty acid-binding protein; Per-
oxisome proliferator-activated receptor-a,; Fluores-
cence quantitative RT-PCR
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WA B A 5 £ T binding proteins, FABPs) %K% i1 2 —. L-FABP

Re KA.
R A g By 4L 4R 0
1A g
R A2 AR R A BT
R ELE A,

B ey A&l 3E B AR W T K R IR P
L-FABP. PPAR-o mRNA# %) & &4k, 4833k
B K R o BT 64 2 gm AL

Tk 8 KRB84X, KT =Z180 g£10 g, KA
o A AR R BB AR 8 B A R LA AR R B
Rk e, B M A0, 2. 4.
8. 12. 16, 18 wk 7ANBFA84, K P & A543 4+
20 7212 wkyAJG 4R EF A4, 48 3RS By AT AL
TARIKEIKRE. 55 T RE B ARG IR
Ao, M f ik FALT. TG, CHOL. HDL-C#=
LDL-C#y4%; WEMIEARA, 5 R 3t4TH% 22
F#o M F2L-FABPF#PPAR-o00 mRNA# ) & %
A

HR: RUAKAAIEL-FABPPPAR-a
mRNAZE R B AR R 69 R A LR FH T, &
AR A g oy BF KR 5 2 8 B o B0 T R LA
3\ A% B % M. L-FABP mRNA £ % 48 7+ %(0.59
+0.06 vs 0.524+0.03, P<0.05), %8. 128 %
#7F%(0.91£0.07, 0.924+0.08 vs 0.52+0.03,
¥ P<0.01), EFHRE6 wkis BF FF(0.59+
0.04 vs 0.92+0.08, P<0.01), 1252 5 2+ B 21k
4759 % (P<0.05). PPAR-o. mRNAZE %48 F
%(1.05£0.09 vs 1.13+0.07, P<0.05), %8.
12)8 B % T %(0.891+0.04, 0.85+0.07 vs 1.13
+0.07, ¥P<0.01), EF4A6 wkis 2E+HF
(1.04£0.07 vs 0.85+£0.07, P<0.01), {22 5 %F
820 PL AR AR T 4 (P<0.05). Mgy T @42 e %
12 B K, A2 R ILAA B89 K RS, S 4R
A6 wkJg Fg Iy b AT 4

Z£it: TR BB IR AEAL-FABP
mRNA & ik 514 ¢ i L. A2PPAR-00 mRNA & A&
TR T AR A B R kA A P AL R F B AE
R, B s gy ke — 2 A2 E R T d At
AR B RIRE .

X KR, MIERE; EERERRT, RS
WiEREE & & B; R B S IE Y BUE 2 -
POt E BB R R A AN

KRR, KR, ORLL, BOE%, KR, WS, IEBEMASH
FFRSL-FABPRIPPAR-o mRNABIGIRSTRIA. HFREN ML
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03I
JHF Y i 0 R 45 4 B (A (Iiver fatty acid binding
protein, L-FABP)Z G lli R 45 & t H (fatty acid

FEFRIET AR, A3 TR M 2 Fhii K
A1z, W MNGIAGHEER W RIS 28
SRILHE P %52 5, b S I R 1 5
YT 52 A -operoxisome proliferator-activated
receptor-o,, PPAR-ou) /& —Ff H FC A0S (1A% e
s, 8 T A% MO R R L, BAT I
DA 0E A LA AR L, A
1M 2 5 1 5 0 993 1 A LRI 7 AR S g 45 4
TR T i 15 i (nonalcoholic fatty liver disease,
NAFLD)K UL 4 7 K e 53 3ok it v Ak s 22
ARl K L FE AR (FA2AL, #R1FL-FABPHIPPAR-o
AT RERIAE FHBL.

1 $RR0T5E

1.1 A TEE R Wistar KR, 8, 7A5TE180 g+ 10
g, I BHEAM SR sh YD, Scgsh
VErESR 5 SYXK(2E)2006-004. fH[E L, HER
R0 A BRI ROR SEATAT IR A ), Jo
H . TRIzol¥ F Invitrogen’\ 7], TagMan” Reverse
Transcription Reagents, TagMan® Gene Expression
Master Mix, TagMan® Gene Expression Assays,
Power SYBR® Green PCR Master Mix, Rnase#
HF I A S EABIA W] PPAR-o 51451 AL
HR[8], B-actin |4 i TaKaRa /s w] ¥ 11 45 il

1.2 ik

1.2.1 #AEA 2 KE84IFR]T wkE, BbL
Gy R IEE R ARG IR 4, fEd42 0, &4
MArh0. 2y 4. 8. 12, 164 18 wk 7ANHAH
A, BERFAHZL6 L. IR A 45 T Bl R,
MR E AR HRC LE s BERR IR RL87.8% 4 il
10%. JMH[EE 2% HE00.2%, HARK & .51
ANTFJIFAHBLO. 1 g/k g% Jo e S0 Jhe 1] JRR 19 K B, 12
LR AL, PIBUHEA 0.5 cm X 0.4 cm X 0.5
em K/NH PR AE100 g/ LR YE T [ 5 Wi
o, F AR A7 TP %A

1.2.2 o i F 3547052 3 000 r/minf LML 10
min, LR, MR B3 AR T
M 5E WR IR B H % F i (alanine amiotransferase,
ALT). =BiHMi(triglyceride, TG). JHI[H %
(cholesterol, CHOL). fa% 5 it £ (1 JIH 5] B
(high-density lipoprotein cholesterol, HDL-C)#/
I B G B P IH [ % (low-density lipoprotein
cholesterol, LDL-C).

1.2.3 7R Fied: TR E 5 AT A V1,
HEGe (0, MR R
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" . 2. " . . . Yk E
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2 J ,:_a 4 ¢ sn BE B EoF LURE S S
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b €. E - ¢ . "': w PPAR-a % %, #
- = i! > & | b ZPPAR-aTH A
) b £ e, & % e iT £ 2% 4 00 de
g . - v . - v A\ 9 - AR,
b & i . =3 - L
- f * ' 1
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e e . S I ¥
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1

1.2.4 3 %% 3RT-PCR: (1)RNAFZHL: MIRE +
HCH JFAIE AR, R v i B A ot S, 70 50
V&, N AKRLR /N AR T Eppendor & 1, il
A1 mL TRIzol, 7845, IIA0.2 mLE 1, il
ZUE 1S s, FIRWEHES min. 4 'C, 10 000 g, &L
15 min, $0.4 mL G tA/K4H# 22 5 —Eppendorf
. IIN0.4 mLSFARE, i 10 min, 4 'C 10 000
g%/blo min, 3 F3. PUEMAT750 mL/LZ 1
mL, YeIRUEY. 4°C 7500 r/min .05 min, 7
. mfﬁkmlo min, JAIA10 uL DEPCAbH
[N ZE K AR, 55 °C-60 CHEE 10 min. B pL
VAR UT (RN A%, DEPC/KFRRE 100 pL, 1
FHOEG TR RN Al R 3, 1% s
AR B B R S L VKA R N AT S8 . (2) [
B WP DI -PHUSMRNA 2 pg, 10X sk
ZEM2 ul, 100 mmol/L dNTP 0.8 uL, 10X J2
ek BEALG 912 ul, 50 U/pLI %1 uL, 40
U/uL RNAEHI7)0.5 pL, DEPCALHIRL 1) 2
B /K4h 4220 pL. 25 °C 10 min, 37 °C 120 min,
85 C 5's, -20 ‘CLRAFAFHI. (3) It E FPCR: HX
500 ng cDNAMKIKEREEFRRE LG 1065, 10765,

105 10*R%, 23 SR Ry AR e DL I o A
%%ﬂfiﬁ%ﬁﬁﬁ?ﬁiﬁ?, 7300 PCRAYX [ 324 1k
Pl 2k, T8 I RME K56 br vt il 28 1) n] 471
— AR R bR N S bRtk i e, HoARE h 25
(IR K H [ cDNA. #AE 368 B EcDNA
50 ng, 2X TAQMEN PCRTIVEI 10 uL, 20X &
LB pL, KL T /KENE20 pL,
50 °C 2 minf§i#k, 95 °C 10 minFiAETE, #R)595 C
15's, 60 'C 1 min, 403, L-FABPHIActb(F]
I A REREL e 3 06 H S ABLA AL, 4
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RERBSAFRFAZE (HE x 400). A: 0 wk; B: A: 2 wk; C: 4 wk; D: 8 wk; E: 12 wk; F: 16 wk, G: 18 wk.

5354 Rn00664587 ml, Fabpl, rCG56226,
=K /N29 bp; Rn00667869 ml, Actb,
rCG42822, ¥4 #K/N91 bp. WKW+
H{cDNA 50 ng, 2XSYBR GREEN PCRTliE
10 puL, 10 pmol/LIY F FiF514#)4%0.4 uL, X
BEE T /KAE20 pL, 50 'C 2minfidk, 95 C
10 minTHASPE, #R)595 °C 15 s, 58 “C 1 min, 40
AMEIR, BRI BB D B 95 C
155, 60°C 30 s, 95 °C 15 s. B-actin L3751 4:
5-CATCCGTAAAGACCTCTATGCCAAC-3',
N5 5-ATGGAGCCACCGATCCACA-
3, YK E17] bp. PPAR-o L5 4:
5"TGAACAAAGACGGGATG-3', Fif5|4:
5-TCAAACTTGGGTTCCATGAT-3", § =4
KJE106 bp.

Bit AP SIU TS B PR  meant
SDZEIR, N HSPSS15. 08K AT B IR 38 5 7 4y
Hi(One-way ANOVA), P<0.05% 7/~ 2 5747 4 2%
B PP R FHLSDAS 5.

2 #R

2.1 R AW AR = IR G I 17 I K R
Tt o R A 0 R AR ok R e R U B 2 AR A DL
B, S54RI B IR AR 1, 568 JE AR I AR
B, SR 12 J8 B I D AR P B ™ L, AR IR R
HH S PR 98 RE SO, PSR TE H A Brd wk)im, RIER 164
INEAT BRI R T AR 1, 55 18 Ja P S5 ) 4.

2.2 s R AR IR R K RO AR R e A
PR I B R R i FR AR A Bh S (3 D).
2.3 %R ZZRT-PCR FEtE HRT-PCRAFAEM
2. Wi 2k . L-FABPFIPPAR-o. mRNAK %))
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[ B 10
AXHEHENT
B2k R TR
fe B BT ok L
2 P L-FABP#=
PPAR-o. mRNA #)
kAT AL, A K
FEBFTHE
Bg £ AR P R A
T AL AR K,

_ SRS EY WS IEEMEY
. HHFRLH0 Wkl _ _ aﬂsmﬁi _ _ e %mﬁ;ﬁ
23 EAE ZE8E FE128 E163E E18E
ALT(U/L) 42.67 £2.52 49.67 +3.05 61.00+2.00° 79.00+8.72° 72.33+5.86° 55.33+3.21" 48.67 + 1.53¢
TG(mmol/L) 0.62+0.04 064+0.04 0.72+0.03° 0.75+0.05° 0.86+0.04° 0.76+0.07* 0.67 +0.03¢
CHOL(mmolL/L) 1.10£0.08 1.17+0.05 1.45x0.05° 1.77+0.07° 1.94+0.07° 1.22+0.06® 1.17+0.02¢
HDL-C(mmol/L) 0.87+0.04 0.79+0.02° 0.74+0.06° 0.59+0.02° 0.62+0.04° 0.77+0.04° 0.81+0.03°
LDL-C(mmoL/L) 0.32+0.03 0.47+0.06 1.06+0.07° 1.59+0.18° 1.85+0.09° 0.58+0.09° 0.38+0.03"
P<0.05, °P<0.01 vs WIB; °P<0.05, °P<0.01 vs E&12/3.
=Shs 4 LM = 4
?E'*ﬂ_? W?ﬁéﬂlo o _ _ ﬁﬂemﬁi _ _ VXEIE%W@;H
2/ SEAE SE8[E F12E SE16/E 183
L-FABP 0.52+0.03 0.57+0.05 0.59+0.06° 0.91+0.07° 0.92+0.08° 0.63+0.04" 0.59+0.04™
PPAR-q. 1.13£0.07 1.15+0.06 1.05+0.09° 0.89+0.04° 0.85+0.07° 0.94+0.09* 1.04+0.07*
°P<0.05, °P<0.01 vs IWIBLE; °P<0.05, %P<0.01 vs FE12/F.
34 32
32 [ 30 ™
30¢ 28l
28] 26/
O 26t o}
241
241
2l 22t
20! 20}
18} 18}
16 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ 16 ‘ ‘ ‘ ‘ ‘ ‘ ‘
-4.00 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 -4.00 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00

Log CO

Log CO

B 2 BESAESMIL-FABP. A: L-FABPFRAERRZE; B: ActbFRIEHIZE.

SRIEE (A2, 3, %K2).

3 1iE

NAFLD & 5 £5 &1 (metabolic syndrome,
M)A K, HIm R a5 otk el g
F TR JF 98« IR i e 0 44 A RN PP R AR, s L
a7 NEE . B R A TG, HAt 75
PR R 29, Je KPR R a2,
NAF LD (5 B AE B 272 7 T iR A WS, {H 2 5
FUHIUESE C 245 7R T UL P i 214kt
(insulin resistance, IR)5 [ fik & 1 FT AR BT 58
PO IRET R AU AR D R IE
P4 05 S PR AR N8, N F - B0 1) 9 95 4
J R~ TS A0 g 017 40 L AL I A R A A
FEUE AT E A A SOE R T4

PRI AE R 2R,

L-FABP&—Fh 5 38464 5 1) i s R 12 2
B AR, KEAAAET . EVF 2400
ARG EA e RBEEERH, o
5 22 ANVURD i J07 1R~ CRURI A U 1 L[] R
VIR, I AT LA 45 IRy PERT 40 i dg kg 7. 3
PR 2836 /N B W L-FAB P /N B 9 K G 107 1%
(long-chain fatty acids, LCFA)FW . S8 AL R
A HAT BT AU, PPAR-045 A L-FABPSE
BRL JE )7 DX Tk Py 308 R 4 T BE 1, A
Py A1

1K L-FABPI# i 3% NP PAR-ouif 11 8L # K
KSR MLCFAA QI (1 7] B2 5 1 F AR,
PPARYE WAL B2 AR S 1 — 51, FAEH) iz, fih
W KR TR R AR A A
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34 [ 0.321 mLREE
38 0.28- AR TG E
A3 %P T AR
307 0.241 BAAYE AR,
28} 0.20- S 2 Mo I R A
- o Yok B EAMRE
O 26t = 0.16 <
£ 0.16 5 B 98 T 73 i
24} g 0.12 AR Fa IR F AR
22| O 0.08- B HAT A5
20+ 0.04}
18!} 0.00}
16 L L L L L L L ‘ _004 1 1 1 1 1 1 |
-4.00 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 60 65 70 75 80 8 90 95
Log CO Temperature
32£ 1.01
30F
0.8
28t
261 0.61
8 2
24 g 04r
22} o
aQ 0.2
20|
18! 0.0
16 . . . . . . . ' -0.2 . . . . . . |
-4.00 -3.50 -3.00 -2.50 -2.00 -1.50 -1.00 -0.50 0.00 60 65 70 75 80 85 90 95
Log CO Temperature

3 RBEASMIPPAR-o. A: PPAR —ofRiEHTZ; B: B—actinAMEIHIZE; C: B—actinFRifEiZ; D: PPAR —a /AR IHHZE.

B 4R T. PPAR-ofEAT R IA, Wit 7
TR RN I S A P AR A AL K X L-FABP
58 DR 2 025 R MR M 12 o3 A AR, ORAP BT
2R ARERT. Apo A-IV A& AT FF 37 R B
1 S UBPE I PPAR - 11 3L K], AT fiE /2 PPAR-aL
BEhF5 PTG AHDL T HLH 2 —,
L-FABP5PPAR-ofT H HHALKITC 45 &5 & R 1, 1A
PRSI — ZR 51 SE 5GP HIE BIL-FAB PR A A fg
AR 0 i 7 BR AN B NG 25 245 49) A5 PPA R - ol 8 713k N
KM . Hostetler2E 2 Yk & I 25 0 v LB
LA G PPAR-a, BUERIR. 4l & WIPPAR-qill
Tk AR AR08 25 B () A< B 1Y B P-4, PPAR-
3 PR A 0281 2650 B 4 A L2 1) 4 e 3 o 384
A B A I 2 10 7K P i ELSA mT DA gl 2
e I FPPAR-a K15 .

A S0 W5 UG W5 I T 18 W S e v (9
FRARAY,, [RIH A L-FABP 5 PPAR-oo mRNATE
AN B 3h 2 3805, W EY) A 72 S 4 N 4
WOIB AP, % HALT. TG. CHOLAILDL-C
5 NE 5 T T sk F2 v 30 4 A ) R R 1 7 v 1L 22
R AR SR, S FabnAH P F B HDL-Ci& i
JUR s SR E N N - RN @ = ] AT G I T e
ML F bR 2 35 M O3 1 B 2 LT B A T
SO, I I i bR AR AT LA R R I A
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ff)—AN S % L-FABPHIPPAR-a. mRNA ()£
K5 M AR VERE B AT OC, A1 B AR 7 A P 1) 1
FEEEL-FABP mRNA 1 5GR I A 1E NAET =, Tt
e T PR P A A T v, T 7 ) Ak 8
U AT DL L-FABPYR 28 i e 1k, 43 16 107 1
By, IR — R LU R AR
ol SE IR R AT IR & 2. PPAR-oo mRNA R G
15 A8 e ) 7 R S L PRI R R A ) 5
I 25 FPPAR-aRIE, AT M iR QI A
REERMRIE, BEEIR, WRENG A, 7 LAME
HBIT BRI A PE — AN 812, L-FABPA LI
HE N A AZ T PPA R -oui S%33E 1 189 in iR 2540
WRIe, 5 M) IR 2K 04 B 1) AR AR i A7, RS
S AR FE P L-FABP mRNAMTHE 5
PPAR-o. mRNA ¥ FEAICABLT- A& 4 i ). PPAR-alfiC
FE(R AT BEA IFL-FABP—#, PPAR-aft ik
VAP BT BRI A N AR LR A R
H R BTG TT R SR ), HA e
DA 205 50 P U A P R
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