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AR HENT RS PN WG AT K BUIFERNIE PPAR« mRNA
ARG *
W E Y AR AR AR EER
(I LIERE RS SRl EEBE ik 2004382 KBRS LRAER BITH AR R R # 300000)

TEE B AT A 85 33T 3 B R B AT K R 28 i PPARG A3k 09 % v, 3R 1T 15 3 x4 AR B A5 WS B IF 9 4R P B s 46 R .
$%:36 Rk SD K R MM L A XA, HA5 A G AREFN M, /& RARLEBHG R R EEZIRTZ AL TRBELAER , A
HERGHAT. CARAEHEMNKARE, IFEE. Mihk TC. TG,ALT.SOD % MDA K-F; KA KK ZE PCR A 4 fe
PPARa mRNA #) %k ik K-, 5R: 1) 5 mBamk, S5 TC. TG 2 FH Z(P<0.05,P<0.01), HA5E shA £ B E £ 7. &5
41 TC.TG 2 %5 F 352 5 41(P<0.01,P<0.01), 2) A5l PPARa mRNA # ik 2 Z4& T af 18 20 (P<0.05) F= 3 fig 12 55 241(P<0.01);
BB RFE G TR, 3)Z A5 D ot 22 MM, T ERIRRF L E R MBI, AT ST Ik, A 2 A R IS &
Y B REE SN LLATAEAD A PSR AR AR AT e RO LI K, BAFHAS S A G ARiE S MDA R FK T & A5 41(P<0.01); 3 fgiEsh 40
SOD 2% & F 3 i541(P<0.01), £5it::23h T Aid it ki PPARamRNA &A% 3k i by Ba B AL Ak o i, A7 7 20 TR 55 B 4m B A
21T AE VB MM S BT ; PPARG; A BB 3
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ABSTRACT Objective: To investigate the influence of aerobic exercise on the expression of PPAR«in rats with nonalcoholic fatty
liver disease. Methods: Male SD rats weighting 160-200g were randomly divided into three groups: control group (N): the rats in N group
were fed with standard diet; high fat group (H): the rats in H group were fed with a standard diet plus fat emulsion during the first 3
weeks for inducing fatty liver and then with standard diet; and exercise with high fat group (HE): the rats in HE group were fed with same
diet regimen as that for rats in H group, but they were given a daily load of 90 min swimming. After 7 week experiment, the livers were
procured and weighted for calculating liver weight index, and the expression level of PPARa in the livers was measured by fluorescence
quantitative PCR. The serum was separated for detecting TC, TG, MDA, SOD and ALT. Results: 1) The expression of PPARa mRNA in
rats at H group was significantly lower than that in rats at N group (P<0.05) and HE group (P<0.01). 2) The concentrations of TC and TG
in the rats at H group were significantly higher than that in the rats at N group and HE group (P<0.01), while they were not significantly
different between HE group and N group. 3)In H group, hepatic lobule structure fuzzy, hepatic sinusoid boundary unclear, hepatic portal
structure fuzzy, hepatocyte swelling and become lipid vacuoles, hepatic steatosis. In the group of HE, the lipid still accumulate in liver,
but lipid vacuoles disappeared and showed signs of improvement. 4) The serum content of MDA in rats at HE and N groups were
significantly higher than that in rats at H group (P<0.01), while the serum content of SOD in rats at HE and N groups were significantly
lower than that in rats at H group (P<0.01). Conclusions: Up regulation of expression of PPARx gene by aerobic exercise can attenuate
fatty degeneration in hepatic cells.
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BE % IR A5 H AR K B s b, AR TR PR D AT
(Nonalcoholic fatty liver disease, NAFLD ) %45 %75 1A i 1 =
g B EBRER A I AR R 8, #4> NAFLD S35 AT A
P0G PR 5 I i S R R AS PR RS P T 48 R Ab£L 22 fiT s v
KT, T S S0 £ AR M AR TG B e, NAFLD J2& —Fiig
AR ARSI/, A2 A A A R 7 TR Ry s B AR
{ELER A JC A e DRI SE AR PR E B E o BRAR FLRIE I A ML) 1t
KW, e s E R IELEHEERRZ P s8]
VA3 Ao YA — S 24 i PR ke e Mg A i, o 4 T o s A 1
F) % 2 A& o Peroxisome Proliferator Activated Receptora, PP-
ARo)BERH P — D EERF T, AR, PPAR 7] LI 1 77
5 B R 0 S AR R 2R A IR A T8, 52 i JH 2 B B
AR R A R TP, 18 SR T ISR PPARa 35
e £ i3 JIT At B 1) B B A QI e o, DA F5U805 B iy JFF 1) & A=, B i
Mz FI, ABFFOREEA s s NAFLD K B2 i
PPAR« FIKAIFZM , 2 NAFLD B 1648 BEHT Y SR B

1 R 55Tk

L1 w5548

Itk A e SD KRR 48 H IR 160-200g, 1 45 —F Pk
2SR O BEDLAY A 3 4 XHIRAL (N 41, n=12), B iR 4H
(H#,n=12), m 52 sh 4 (HE 4 ,n=12),
12 EZB®HZE
1.2.1 AERARFTERIME ST N AR ARk, H HE IR
JE Y IR S AR SRR T — R 45 T IR D FLRHE S (10 mL-kg '+ d ),
AR T ¥, [FET HE 2084718 30 T 10 N 40 AR I Eh /K (10
mL-kg'-d)#EE ., =JH)5 H HE 41958 %k
122 BHAR E3hTH4(HE) K R#EFT I 0N EIHKIZ 5.
BER 90 434 AEFE K, B KR 30 2°C , Jeissh T i
KEBEKES
12.3 Briggh KBRS = MW E / (k5.
124 £ IEBHFEHNE M3 SAHHE B (Total cholestterol,
TC) . H g =3l (Triglyceride, TG ) \ N & 2 & 3L 4% F& il ( Alanine
aminotransferase, ALT) % H 37 7600-020 4= A shA: L %
T 5E ; 9 8% (Malondialdehyde, MDA )&% ] TBA 461,
R h R s AR A mI R L 5 B L B (Superoxide
dismutase, SOD )RR FH Lo (6 248300, 35500 6 rh e s B A= )
R AL
12,5 FFALYIF R HE £ HFHIUNK, EY 20, a1,
Yk VIRIEER 5 pm, YR B, W21 11 45 3-5min;
100% .95% .85% JB54% , £y 2-3min, FHAKME 1-3min; TR AAE Y
£, Smin, 7K HPE 2-7ming FERTDRS /310 35 K w4 T
A VAN 3 (SR 53 40 BT 1min, 85% JEAE 30s;95% T8
KT 114 2min; 100% kS T 11 4% 3min, —HZE T 11 % 3 min,
PR R E Ao
1.2.6 EAWRHEE PCR ENMATLAE PPARa mRNA fyFRiksk
EF_
1.2.6.1 JIF/JEEL RNA (HEEC BUIFHZ2) 100mg, il A 1mLTri-

zol, A1, IR T ##% 5 min, 4°C .12000rpm &i.0> 10min, ¥ -
B A—~JC RNA i EP 48 b, &5 200 L, I NEi
BIFEMRA) 1 min, R F#HE 15 min, 4C 12000rpm &L
15min, /NCEUH BRI A —A~JC RNA iy EP &, il
NGB R, REHEIRS, ERHEE Smin, 4C
12000rpm #.0» 10min, 2= &, MIA 1 mL 75% DEPC Z. [,
4°C [12000rpm B0 PRIFITVE 15min, 37 L 3E THEE RE TS,
JNAGE & DEPC, FEAyRffR. LIS 6B E 260
280nm f¥) OD fH, ffiii+EM 4l , THEF i . RNA(pg/pl)=
40% ODa (340> FRBEASEL (n)/1000,
1.2.6.2 RNA W5t REGSARI G A B RHE A YH A
i BRA ]  HUE RNA2 g, 4570 U B 561 7450 - -20°C A7
1.2.6.3 5t PCR 514 LiffE TAY TR ARIRS A
FRA R, PPARa B|#)%51 . F: 5-AATCCACGAAGCCTA-
CCTGA-3',R:5'-GTCTTCTCAGCCATGCACAA-3', N5 %
B-actin 5| Y% 51 : F: 5-CAGGTCATCACTATCGGCAAT-3', R:
5-GAGGTCTTTACGGATGTCAAC-3',

PCR X 57| & SYBR® Premix Ex TaqTM [l T TaKaRa /%
Al o REG ST 1 cDNA B 5 E1T 10 R R AndE i DL R 20
LU total RNA, M 2 pg R¥E5%H cDNA J5, 4l 545,10
525 1% .50 £i% . 100 15,250 15 . 500 {55 . F B OREAR 32 5
ANBRfEfh  HR T S UL A P L E PCR WA R o LightCycler %¢
eI PCR X B35 EFE 7 l9: 95°C 30s HiAE 1, 95°C 5s A8,
60°C 5s ik ,72°C 30s ZEAif1, 40 YRAEER,72°C 30s FEAH, 37°C 30s
2R R
1.2.6.4 PCR 45 RALIE 25HIFEA Y NS B-actin F1 PPARa
FERIAARAEINZE o B DEOGIUE MG I A Ct, HRI&4 158
Ct )G , FZbr U 1Y LgC N REALARAN Ct (Gl Aabr , 15 5
HER AR AE I 2 AN A o # HEAS B-actin IS 5EH Il PPARa
I Ct T AbRHEMZ A, 185 LgC (A, #ad i3 5 2
C1lH. BRI E=WEE Cx 10,
1.3 SitEaHh

AR LI Bt frrE2E (Xt S)FoR, K SPSS13.0 4t it
G HA3T. PRALIAT ELBER A - Kl , P<0.05 F A B #1k
#Z5,P<0.01 FRA R B EEER

2 R

2.1 XBRHBEERFES

SIS = K, AR AR B T T R 4H (P<0.05) Al
JRIZh A (P<0.05), SLH-HJEAK , SIS KBRS B & & T
JI§ 12 B 41(P<0.05), 5 %F FE 41 TG i 3 128 L (P>0.05) (% 1), 5
BB JRR, mRE 2 K U8 80 25 5 1 B4 (P<0.0 ) AN =i g
BN (P<0.05); F R iE sh 4 i & & T4 IRZH (P<0.05) (58 1),
22 RERESENRRBREEHNE

SEH = TR IEH AR BUIFIE 2 4820 6, S B0R], DI DG
T, 5 R B ORGSR B0 BE AT/ S5 A e, T
FHEGN AT, I X S5 H T 0 AT L, 200 e S g
W%, RS 23008, FSEh Sk 2Rk, 4 B ),
Mo S5 —5Ager e (B 1), mAELE K BATIE (A AL o 44
K, OFRE B, PR ok, S e L — HR R 4L S
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F 1 ARKEFRE FHEBTL
Tabel 1 Changes of Rat Weight, Liver Weight, Liver Index

*E (9
B! HE Weight FHZE(g) FRREFE3(%)
Group Num =A + & Liver Weight Liver Index
3th Week 7th Week
N 8 193.5+ 24.1 271.7£ 29.9 6.86+ 1.44 2.43% 0.36
8 216.7+ 16.4* 302.8+ 33.5 10.05% 1.63** 3.30% 0.32%*
HE 8 197.0+ 8.6 265.5+ 13.3% 7.86+ 1.17% 2.90+ 0.37%

i . 5 EBAMLE, * P<0.05 ** P<0.01; 55 A54R48LL, # P<0.05 #4# P<0.01,

Note*: compare to the control group, * P<0.05 ** P<0.01;compare to the high fat group, # P<0.05 ## P<0.01.

Fl 1 2UKG3% ), R BED) i R PV i R, /N 2 A AN
U P52 SR BRANS  IAE IX S5 R , 2RI , Bty , i
PR AR NAS— NG , AT 40 At BRI 2 v A (181 2.3) 0 5

B 1 BERART= AT ER4E HE e x 40
Fig.1 Histology of the control fatty
liver at the third week with H&E x 40

B 3 RERARF=A®AEIEE) HE £ fx 40
Fig.3 Histology of the HFD and Exercise fatty liver at third
week with H&E x 40

2.3 KRIMFEHIER

231 mMERBPERE(TC). =M ER(TG)EE LIWH =4
K, g Al BRiE s ALK TC & & 35 5 X 4l (P<
0.01); B g A= I5iZ sh 4l M3 TG 535 w5 F X IR AL (P<0.01);
SI-E A, FlRizsh4 TC S5xf I WA k. w54
TG .35 = T4F B 26 (P<0.01) Fil 5 532 2h4H (P<0.01) ; ¥4 532 30

Bo-C A R S50 DO s (1 4) iR I LT/ 454447
RO, IS S RN , A8 DX S R ASRHT , T A e i, 475 /0
ZSARSUE (B 5) o mallizis shALIF A 2 il 2k (181 6.

B 2 FERRT =S54 HE fx 40
Fig.2 Histology of the HFD fatty liver at the third week with
H&E x 40

.

B 4 RERART-E AR HE Hex 40
Fig.4 Histology of the control fatty liver at the seventh week
with H&E x 40

4 TG 53t HE 40 W E A (3% 2)

232 MW _F(MDA) BRI LE(SOD) WEEKS
HERE(ALT)AE =54 MDA W& T 4 4 (P<0.01)
FIENGIZ B2 (P<0.01); = JR 12 s 4H & 2 w5 T % R ZH (P<0.05)
e 4H SOD i Ik T4 IR £H (P<0.01) Hl &5 I 12 5 2H (P<0.01);
EIRIZE S BT A (P<0.05), misdElgissha
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B 5 BERAAT-LARARE HE x40 B 6 BERAAT-LEARARIESN HE x 40
Fig.5 Histology of the HFD fatty liver at the seventh week Fig.6 Histology of the HFD and Exercise fatty liver at the
with H&E x 40 seventh week with H&E x 40
*2 KRME TC.TG EEE
Tabel 2 Changes of Rat Plasma TC and TG
o TC(mmol/L) TG(mmol/L)
S HE
=3 t&E =3 A&
Group Num
3" week 7" week 3" week 7" week
8 1.28+ 0.19 1.27+ 0.20 0.24+ 0.05 0.25+ 0.09
8 3.82+ 0.68** 1.58+ 0.25* 1.13+ 0.43** 0.56+ 0.13%*
HE 8 3.74+ 0.51%* 1.14% 0.14% 0.79+ 0.14** 0.26+ 0.05%

iE * 5XTERAMLL, * P<0.05 ** P<0.0L;5HA5HMLL, # P<0.05 ## P<0.01,
Note*: Compare to the control group, * P<0.05 ** P<0.01;compare to the high fat group, # P<0.05 ## P<0.01.

ALT 54 0 355 TR (P<0.01); i lF 45 mi iR iz sh 4 3 b

FVEZE(P>0.05)(3% 3),

2.4 KRAFAEZAL PPARa mRNA Rik7kF JTFREAENE SR AT AL B oA 3 B B iz B 2 T P g
FIH , E NG 4] PPARq mRNA ik 5 TR (P< AR, AE—3R05 K AR U8 i (AR 107 76 AT AL B HERR, 5

0.05 ) Filfes i1z sh41(P<0.01); iR 2 sh4l B & m TATIRAL(P<  ANRWIAT IR MR A B2 5 | A AT A i 1 2 P ) e 2 M)

0.01)(% 4). BRI ARSI R R W7 7L 18 75 2 IR AP B 57, R i PR e

*3 KRIM# MDA SOD ALT £ E%F
Tabel 3 Changes of Rat Plasma MDA,SOD and ALT

B! HE MDA SOD ALT
Group Num (nmol/ml) (U-mL") (U-L"
N 8 5.1 0.83 100.77+ 9.33 41.3+ 5.70
H 8 9.2+ 1.67** 60.86% 9.04** 87.4% 24.4%*
HE 8 6.4+ 1.36"* 89.04% 12.12%%* 68.0 16.2%*

i *: SITRAMELL, * P<0.05 ** P<0.01; 5HAREMLL, # P<0.05 ## P<0.01,
Note*: Compare to the control group, * P<0.05 ** P<0.01;compare to the high fat group, # P<0.05 ## P<0.01.

% 4 KERBT4HAE PPARe mRNA Rik
Tabel 4 PPARa Expression mRNA in Rat Hepatocyte

5 H=E BF4AA8 PPARx mRNA
Group Num PPARa mRNA

N 8 0.43+ 0.04

H 8 0.29+ 0.01*

HE 8 0.97+ 0.10%*#

i *: SITRAMELL, * P<0.05 ** P<0.01; 5HAREMLL, # P<0.05 ## P<0.01,
Note*: Compare to the control group, * P<0.05 ** P<0.01;compare to the high fat group, # P<0.05 ## P<0.01.
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5 B R BRI D A ASE 70 55 N SHS TR e 3 ) 3038 T T i A g
FERARAR F AL i = RN FLAE B B 2H X BRI (R
TR IR BEK , h 2 ARl , FRTATIG, A 2L s g, T
SR, AR AE K, OSBRI/ INAR— B g R , FF/N e
SERBEN, TS5 SRR | B 728 4t 0 HH AR S/ i e sk Ik
[, [R5 % B ZH TC(1.28+ 0.19)  TG(0.24% 0.05)4H Lt =i fif 2H
TC(3.82% 0.68) TG(1.13+ 0.43) & Fhi= . S IRARRS M AR
JFRS WA , e B 2 i R 77 FFFAS 0 A8 g 2 1o,

1990 4F Issemann %5 1 & BT —Fi i {55 24 £ 32 4k
EREP—RIRNTRRFEAL B - ik S ALy B A G SRR , Wi
4 h 3t AR AY Dy it AR 18 B 59 380G A2 4R (Peroxisome Proliferator
Activated Receptor, PPAR )M, 2 Fi {4 3if £ (1) 52 74 4 ik, A0 4%
=il LA PPARa PPARy fil PPARB/S. PPAR Sfit{k4t &
Ji , S F RS2 R (RXRJE it 5+ — ik . PPAR/RXR 53—
SR o 5 IR DR i 1 5 SR TR 5 ) 52 ;TG - (PPRE)
S NI R AL SR EVE T V5 2 S HE IR CBHA SC I (X 4 B
FA,n#8EE All (Apolipoprotein A1l , ApoAll ), JRFEH IR
fiti(Lipoprotein lipase, LPL)%% , #8F PPRE RYf7-7E. At ,PPAR
Z 5 g BRI AT,

PG PERE T 5 s Z MO R %Y, i 20%-90%
#) NAFL 35 & JF g LA . AF5EIN A , NAFLD #4 1l s 75 3=
& Y DN R 1 = A T I R S RS YN S LS A =y ST THE R
KR TG B R J& NAFLD (07 fafs R 2R o A8 S it
XF NAFL KRGO &8, SIER A0, &Igd R R 3
TC,TG A 3 &5, i 25§40 PPAR« mRNA 2235(0.29+ 0.01)
BOEH 2 (0.43£ 0.04) W1 NRE, R MARIHZEAL AT aE S
PPARa I TNRERASH . FLEIES: PPAR-RXR 57 “RIARES
LPL J5 3 ¥ Bt 3 — ¥ %) JC 4 45 & , PPARa 3 30 51 Ji 2o
PPAR-RXR 57 —RiKA-F:Xt LPL (9/EF®, SZ9IFEH PPAR«
BB BERA A BUAR P ApoCIIT 1430, 341 ApoC T 4340,
Il ApoC1l /& LPL (i 57 , ApoCHI eI LPL (3% 14 £ |
JITiR PPARe X I AR AR, TR B b Hih =Rk, A
HEEMA

M ALT 3452 PO REAZ 240 ek g, 2
FFEIRERt F W FatRZ —  ALT Jhim 58 AR MR i 4% U0 AH
R, ARSI AE R R R IEH R BRI ALT SJE& & 250k i T X
TR, [RIA SR BB A AL RE T Fa R SOD il 1k 2 Y
IG5 B 5 IR B 4 AL ) 74 MDA = B2 Ak % 8 2 i
TX IR PR R NE A B D REAR T XS PR . (RIS 45 2R 7R v
NRAUFANL PPARa mRNA ()35 i {15 F%H R4, $27R PPA-
Ro BYARFRIE BN ) BE 5 P RE 2 5 | B A g 48 1 7 28 48 9 AR
R 22—

PPARo IEALXT 1l NAFL B R4 R IERA #1, Bt
PR AT B T A A3 AR B A Ak 5 1 TR A AN B S A5 A
AR ERTT A E P R o £ Y 1 5 34T PPAR o B (K 3R 35
AN, A5 — 2R 506 B DGR BRI BERE PR e 5%
IR BEALG , {65 B 17 1 4 JHF O R fsi 2> , BB 2 1 6 U A i 28 i
15, BB BTAE FFEDORR , DA Ik B iy JFF i) i 2 i Jge o), G,
AT g2 . PPARo AT 3G FFAIE A £ 11 s i il o 06 1, A S AR AT
% BE R 1 (VLDL) 43 , FEAR VLDL, fdf TG 3, 1 i ik

Yl it SE AL A . SRR S 2R €5, 3 P450 rh BELE R IR AR
TR %) L DR 7 it (N P T IR e N A S RS TP A S M T
BEOUFE A R ARG | IR ARG A LS ) , P2 R i 40
fife , 45R B SEUAR s T Ao VAT IR R 3R ok Bl B I SR AU L 1
R 43 ffU; 1SN, PPAR« IR W] LA 23 1755 CD36 g i R 45
GHEE LEIRED A SRR G R i iz

SEBHE] LA PPARa mRNA 335 , Horowitz 255 it #E 4T
TSR B, A s B A LA PPAR o b il v 6 T
F A A LA ¥ (Medium chain acyl CoA dehyrogenase,
MCAD) W 4% Bt JL 4 i A 6 & i (Very long chain acyl CoA
dehyrogenase, VLCAD) /KN T —4%, 15 PPARa
SRR S R RAER A o Jeong %50 % BRIF UK AT LA i
WG A B L B PPAR RT3 B SIS DIRR B RS A A D, 2
SR TT AR IR B] 58 B M AN [R) , (8 7542 Sl % s i S 1 el s
VERTAFAE AL AR SER N 1z Sl R RES 7 A Y SR F Y 2K
N , 32 BB TE TS SRR I 0 TR1 B O 4 S 5 I N AR BERH R
F] 2552 gl R 1A SR sh R BUMAR AR A 25 ), B4 it
SrfoR A TR EEZ B R 90 A3l SAIEIKIZ B . ASSERRAE R
N, IBENE N NAFL K BUF 40 PPARa mRNA (335 R g
2H < BT 40 it PPARamRNA (0.29+ 0.01) I 2 {1 X % & 21
(0.43% 0.04);353)J5 ,PPARe mRNA F53k W L3460, 5 5 Is 4
AR V22 5 (P<0.01) X2 Hh T3 3 i 25 NS 10y R 1
i, WS R AR K HLAT AR PPARG BYA SCBECAAR , T LI
FEAP, NI FFAEN PPARa mRNA (AT 5 o RIS 3]
e i) A PPARa mRNA 323k LU A% 9 g 7 iz T, 18
T s R A A T A AR A2

4 i

PPARa mRNA FGA7E NAFL K BUIF AL b 58 e 3,
PPAR« :[K #3519 F I T fE 5 NAFL I A K. iz slim L
il PPAR mRNA 354 2 BRI 7198 1 AR LA , A
A BRI 2 AR I A
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