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AT RAR AL SR FH RT-PCR J7 3 K I 45 20 /N BB L PPAR-o . ACO & EHHADH mRNA 7K,
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T (F9P <0.05) , BN PPAR-a . ACO X EHHADH mRNA 254800 IB41H B T (X3P <0.05), i&
SN Z IR T UG , & I LAN MU EF 2k [0 52 B2 K i, WILER 2 HES B 5 | A DL ALV A 2 LRSS T 7K e
MK = PR RREAL (P <0.05) , H & e B H A R AL B ST+ (P < 0.05) 5 45 I b 25 R e 5
3R B RACG U R IR W AR (B P <0.05) , B L PPAR-a , ACO }2 EHHADH mRNA ik 5
JRAIAAE LI (P <0.05) . 18 WAk ol 35 B35 ApoE 3 PR i Ik /I BRUBE RIS 2L S e 5 Ak, 1
VRITHLEI AT BE S LB BT PPAR-ou, 3 — 25 300E T AL ACO & EHHADH, M T 42 /51 I i i S Ak AR
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[ Abstract] Objective To observe the influence of exercises on the mRNA expression of peroxisome prolifer-
ator-activated receptor (PPAR-a) and its target genes of acyl-CoA oxidase ( ACO), Enoyl-CoA-hydratase and 3-
hydroxyacyl-CoA-dehydrogenase (EHHADH) in the skeletal muscles in insulin-resistance mice to develop a way to
improve the lipid metabolism. Methods Twenty male ApoE knockout mice were randomly divided into two groups,
the high-fat diet group (group HFD) and the exercise training group ( group Ex). The HFD group were fed with high-
fat diet, while the Ex group were fed in the same way, with additionally swimming training. And ten healthy male
C57BL/6j mice were chosen as the control group( group ND). After 12 weeks of intervention, the serum lipid, blood
glucose and insulin levels were determined, and homeostasis model assessment insulin resistance index ( Homa-IRT)
was calculated. The bilateral gastrocnemiuses were cut to be observed under a transmission electron microscope, and
the mRNA expression of PPAR-a, ACO and EHHADH in skeletal muscle were measured using reverse transcription
polymerase chain reaction( RT-PCR). Results The transmission electron microscope showed that the sarcolemma
edema, mitochondrial swelling, as well as focal myocytolysis and edema within myofibrils were observed in the HFD
group. The total cholesterol, low-density lipoprotein cholesterol, free fatty acid, fasting glucose, insulin and Homa-
IRI of the HFD group were significantly higher than the control group (P <0.05), while the mRNA expression of
PPAR-a, ACO and EHHADH was significantly deceased than the latter (P <0.05). After swimming, the above-
mentioned pathological changes disappeared. The serum lipid of the Ex group were significantly lower (P <0.05),
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while HDL was significantly higher (P <0.05). And fasting insulin, glucose and HOMA-IR of the Ex group were
significantly lower (P <0.05), while the mRNA expression of the above in the Ex group were significantly increased

(P<0.05). Conclusion

Swimming training could improve insulin resistance and metabolic disorder of lipid of

ApoE knockout mice. The possible mechanisms may be through up-regulating the expression of PPAR-a, which in

turn stimulates the expression of ACO and EHHADH mRNA to strengthen fatty acid B-oxidation.
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Jif 1% ZHEPT (insulin resistance , IR) F&0> 1ML R A1
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SRR RS, ARSI IR ) R 2SR E, CAIE
P B BRI A AT SR LI 4120 IRMY IR AT
HIPLA LR AT, TR OB EIE 3, B-A ik
SENR A 2y S B 2A 3 Ml
e PRI AEE A AL (acyl-CoA oxidasel ,ACO) |
TR 4 B A 7K f# /L3 $2-CoA Fii %L ( enoyl-CoA-
hydratase ~and  3-hydroxyacyl-CoA  dehydrogenase,
EHHADH ) K il i BERF CoA it fift it , 3 3 Fh 4% sk %
ik 38 3 3 A AR ) AR 3G A )T SZ AR o ( peroxisome
proliferator-activated receptor, PPAR-o0) I75*' . B A4k
B ] SRR TR, 7 IR, EN AMITSE SR,
iz Bl RESE = 2L ZUNR W7 4 i SR AL RE 0, 16 AR 4 F1 IR I
e SRR T B 481k, 8 UL PY £5 SBORI R A I 25 i
WiFR (free fatty acids, FFA) fE7, {# FFA $E AZHLIERE
PR/ TR TR, A BB~ U IR sk
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ZH/IN B R R R S Rl b B i vk N 2k T vkas sh
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Peroxisome proliferators-activated receptor alpha;
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Enoyl- CoA- hydratase and 3-hydroxyacyl- CoA-dehydrogenase

[E] 4 10 rnin,%r 2 KN 20 min,ﬂ?[ﬁ}ﬁ%im] 10 min,
BEES 1 FKN A 60 min, LLJF vk B 8] 0] 45 35
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FKIL 4 ~6 ml FF40 B3 M3 , ORAET 20 CokFRH, LA
I 2 S FFA &, ADNRERILE, 75 H
KBFFA T P P B — ) HE A7 L, R A= B 7K (0 ~
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— 80 C VKA N - AE, £ RT-PCR, BN L5 — 0] flk
A WUIUIE 3 412, DL i B %
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PEFAGEIN 5 20 /1N BR 25 HE B 5 K (fasting serum insulin,
FIN) , >R F] HOMA 32 31803 5 R HEPUHE 2L (insulin
resistance index, IR1) , BAATTE N U0F IR = [ FBG
(mmol/L) * FIN( wIU/ml) ]/22.5,

DU IfLHE K FFA 2

RN TSN 1= 7 N D e o £ ) R o s TR i W 4
I, SR FH AU - 40 Fh Tl 12 A6 00 B [ B2 total cho-
lesterol , TC) . H ¥ —HE ( triglycerides , TG ) 1 5 15 i iR
(FFA) K ey %% B 8 (1R [ B (high density lipopro-
tein, HDL) 7K, #% Friedewald /A2 1BAK %5 FE iG 26
RH[E B (low density lipoprotein, LDL) 7 &, HAKTFHE A
Z41F ; LDL( mmol/L) =TC-HDL-TG/2.2.,
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A 21 /N BB B LZE 2 (B e B L b 2L 7))
FH2.5% IR B 2 24 h DL b, T 2% SRR [
2h, 439 50% 70% 90% 100% PRERASEE i /K |
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24 h, ZERC S AL 3 R SR B 7 LKB- 1T 78 i
PIR WL VI A (B R 2 500 152, 248 B R Gl e
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BIBFER Y, AT ml Trizol , #2830 55 & 156 HA -1 45 BB
DNA , SRHEE A SR IR 2R 11 43 B A0 2 A i v 1
0D260/0D280 WAE MWk, T 55T H g H 58 3%
P, 2 B0 2 SR a0 L 2D TR BH R A 7 300 7 SRR
Y& GeneBank ¥ 15/ B H 19 & [H mRNA 751, 53
1 Primer Premier 5 #4515 |4 P 41| ,/EJZIK%I%F?@J
R :PPAR-a U519 5'-ACGGCAATGGCTTTATCA-
CA-3", N 514 5'-GCGTCGGACTCGGTCTTCTT-3;
EHHADH L ¥#5]1%) 5'-CAATCCGATAGTGACAGC-3',
TU514 5'-TGGACCATACGGTTAGAG-3"; ACO I ¥ji¥
514 5'-CCAAGACCCAAGAGTTCA-3', F 514 5'-
CTTCAGGTAGCCATTATCC-3"; GAPDH #3514 5'-
CCAAGACCCAAGAGTTCA-3', K iF 51 # 5'-
5AGGATGGCGTGAGGGAGAGC3 ; B-actin _F{iF7 14 5'-
AGCTATGAGCTGCCTGACGG-3", Fii#514) 5'-CCAGA-
CAGCACTGTGTTGG-3", Bl cDNA 1 wl 1 Mkt kK
JIA 100 pM L3R 51945 1 pl, 2 x Taq PCR
MasterMix 12.5 pl( i34 0. 11 U/pl Taq Polymerase .
5000 uM dNTP each .20 mM Tris-HCl pHS8. 3 100 mM
KC1.3 mM MgCl, S H:Ath e 70 Fn 4 58 570 55 ) | ddH, O
9.5 wl, B NAKZR N 25 pl,

EAK PCR R % 410 °F . PPAR-a 95 °C i 7%
4 min,95 C7AEM: 30 5,59 CIE & 30 5,72 CZEMH 30 s,
It 47 35 EIR, 72 C HEP 8 min, 4 C R 47,
EHHADH 95 °C #7254 min,95 °C 7544 30 5,60 CiE k
30 s,72 °C #EAf 30 s, LFEFT 30 AHEFR, 72 °C 4 A
8 min,4 CI£47, ACO 95 C HiZE ¥ 4 min, 95 °C 7
30 5,64 CiB k30 s,72 CHEM 30 s, Fedk AT 30 MG,
72 CHEAH 8 min,4 CHRAF, B-actin 95 °C HIAEM: 4 min,
95 C 728 30 5,52 CIB K 30 5,72 °CIEff 30 s, HeikAT
30 MEER, 72 °C FEAH 8 min,4 CI#AE, GAPDH 95 C
A 4 min, 95 °C 7281 30 5,52 °CiE 2k 30 5,72 °C ZEfH
30 s, 3LHEFT 30 MEER 72 °C HEH 8 min 4 CLEAF, ]
2. 5% BN AHBE S oI AR 2 8E (10 mg/ml ) i L2
FER 0.5 wg/ml, R & T HUKIE N IF N A L2 v,
HUS ul PCR ZWIRA) siFE  7E 120 V H R T HLIK 20 ~
30 min, %H TANON GIS2020 % e 43 BT AN #4740
1% 32 F Image-proplus v6. 0 MRIEME M 41 72 2
T,

£ Gt

AU BRI L, (x = 5) Fas, R SPSS
16. 0 MG T AR A A TR AL B, SR Levene £
BT 2550 I P{E >0.05 B 7 2551 ke
AREPBOCEER IS AEA ¢« K56, ZREA B L 3R
FHBALDR 28 Ty 28 43 A A0 EE A2 0 0 1 A ) 28 22K O
50T, LR P FL 3R A LSD-t K56, P < 0. 05 %7
ERHAAGIHEE X,

2 ES

— dz IR IR /N BUBEC IS S0

HA/NRET 12 JJE, ZBE IR 4L/ R FPG |
FIN . HOMA-IRI #4455 FE 41 1 8 FHi5 (¥9P <0.05) ;38
FZH/NR FPG  FIN . HOMA-TRI 3% 785 i 41 B 3 [ A%
(¥JP<0.05) , BAAR¥ R L& 1,

#£1 K4/ FIN FPG X HOMA-IRI AR (% £5)

A0 HE FIN FPG HOMA-IRI Ln HOMA-IRI

('mmol/L) ('mmol/L)
XHAZH 8 5.36+£2.29 6.24+1.06 1.63+0.47 0.03£0.05
TR 10 11.58 £2.56* 9.26 £2.33* 5.58 £1.25* 1.64 £0.28*
EHhd 10 8.05+3.37" 6.51 £1.287 2.24+0.67" 0.85+0.17"

T 50 B RS * P <0. 05 ; S5 IE4H 4, PP <0. 05

— asshigERt IR /NS Y 52

HA/NRE T 12 F)E, M EIRA /MR TC,
LDL-C . FFA & Y% B2 I 17 (P <0.05)
TG } HDL-C & S5Xx My R LaqilvE X
(P>0.05) ;iz 340/ TC \LDL-C . FFA /K345 5
NEZH A S BEAIK (9P <0.05) , HDL-C 7K F- M5 /=i g 4
MR FE (P <0.05) , BRGNS L 2,

= AN R B U s F s

X5 20 /N B S UL PR A TR 558 I 2 B, %o R
WA 25 A 5228 TR A IE 5 (ULIE 1a) ;= g 4 mT DL AL
Y MR AK R  LRETF 7K Bl K L 200 i P JUL i & 4 )
AN TR A LS g kE (DL b (& 1) iz 3h 4l
WA B S B5 M JEA IE 5 WL 2F 4[] 4 BE K b, LA
AEHEDNEE ST, R UL fie LRSS T 7K b 4555 BRAE 52 (L
E1d) .

Mz s 2%t IR /N BUE 8 AL PPAR-a, ACO
} EHHADH mRNA Fik 15200

S /NRET w28 )E, &3 ENs 48 8N

F2 HA/NRIMIE K FFA 3 (x +5)

21 %) H% TC(mmol/L) TG ( mmol/L) HDL-C( mmol/L) LDL-C ( mmol/L) FFA (mmol/L)
popitsktl 8 2.07 £0.28 0.57 £0.16 2.06 £0.32 0.43 +0.18 1.02 £0.21
IR 10 20.02 £4.19* 0.81 +0.43 1.61 £0.76 4.12+1.05* 1.48 +0.25°
BB 10 15.07 +3.28" 0.62 0. 15 3.50 £2.01" 3.02 £0.77" 1.08 +0.20"

W SRR R, 2P <0.05; SR g4 A, PP <0.05
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T I8 1a S d B2 B 1 KI8T 1o S lREL, P 1d Shis ahad
Bl A/ REH IR B ME g (TR EER A, x10000)

PPAR-a . ACO } EHHADH mRNA 335 ¥4 45 %l B8 25 W]
BRI (HP<0.05); 1Mz sh 4l & 8 UL+ PPAR-«
ACO K EHHADH mRNA kY% a4l i i EiE (35
P<0.05) , ARSI ILZR 3 K2 ~4,

*3 A4/NEEEULP PPAR-o EHHADH
K ACO mRNA Fk L (% +5)

5 H% PPAR-a mRNA EHHADH mRNA  ACO mRNA
TR, 8 1.74 +0.42 0.93 0. 16 1.18 £0.32
g4 10 0.69 +0.15* 0.37 £0.11* 0.59 +0. 142
iZEhdl 10 2.01 +0.58" 1.16 £0.33Y 1.47 +0.38"

T G HRLH AT, 2P <0. 05 ; 5 Eilg2H i, PP <0. 05

2000 bp
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250 bp
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100 bp

B34 R4 payiic gl Marker
B2 S4/NEE#NT PPAR-o mRNA ik

2000 bp

1000 bp
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250 bp
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R4
3 HZUUNREHEIUT ACO mRNA ik

w4 Z3h4A Marker

2000 bp
1000 bp
750 bp

GAPDH 500 bp
250 bp
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100 bp
BEahA w4 SHHE4  Marker
4 HY4/NRE UL EHHADH mRNA %35
i i

HATE A K& SCHkHGE , B B R A R
2, SR B IR IR B R 3R Wistar K, Sprague-
Dawley (SD) KB, 7l S H =4 IR & o078 /i 4
T 5 vt A T 7 P e M o B Ak & 7 SD R R M
C57 /MU IR SR RIS ApoE LD d /) Bl e 25 i
R B0 DK SRR B A AR AR T A SCHlk A K 309 80 g 1) 5 i
S ApoE 3[R i B /N Bl FPG A IfIL R 1% 7K F Tt
U EEAAE TR RS — IR SE, A 5T IR S = R
TREMEFE ApoE 3 [H kR /N BLRE S8 FPG B S ZEKF
Fh55 B HOMA-IRT ‘g 2538 i ; [/ B 1fi %% 7 TC , LDL-C.,
FFA 7K 75 5 35 8 5 5 s WL B LA A 5 4 (o
ORI K M WL A i T4 B P AL & 2 (] 7K i
R AR WL L 2456 RS T B 8 U L ah #
PO RISCHR [ 11 ] 38 45 5 e AR — 2, $E R g I o
ApoE FEDH B/ BUR A HIAR 19 IR SRl > —

GNEHLUFIE B850 A5 5 44U R 5 = 3Pt
Ze RO A0 LR AR FH 4 25 8 RIS 7 1 E 2
241 REBAL PR S T0% ~90% %k | R I B85 UL 7E 4%
AR WA EE A BRI AL A IR A R
Wi, T O E R, FRA KBS B AR it o fal 2= 9 4 Sk B
AR EE R e AN R R, TR T RS R G S
1B5 I B ATRE S 2 B e 08 SRR, 2 2
BURRE 1T B, it — 28 S 8088 15 25 43 A 388 in % e Jige
5 A=A AR IR A QI R A AR I
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ABHFGEH I JE Al S R 52 50 PR 5L 12 sl Il 2k ]
BEENUARRE IR ZKTL A IR AR 45 SRR s,
112 A BT 5 RE 3 FE AR ApoE JE R A FR IR /)
SUMAEH h FFA . TC .LDL-C A HOMA-IRI 7K, [a] st
S /N R AR IUER 045 A4 9 B e A A 45 21 BH I A
E— 20 UFE 52 BT g RR AR 2R 6L & IR (G E R AL
IR) .

PPAR-o JE T MU NG IS AY 5 ZE R 45 i, D14k
5 CAnZRFLDURR RV DURRE \Wyl4643 55) 2 N T4 5
FEZ PPAR-a FLiK, X R AYIFEIG IR L) 2 H TR
i TG K", HETET PPAR-o P9 B AR 2 75 18
SIS R SR L ACO  EHHADH M & 45 4E ], #F5%
Fob 8 3 T WX PPAR-o B SE I, [ PN | A1 B 2 ff
DLARGE, AP as R ER, s IR /NECE S
PPAR-a mRNA FiAR R B4 B 1, 25 A% 4l g
(11 TC \LDL . FFA %) _FPG .FIN & HOMA-IRI 7K -4
1 N2 BH S FRAIG , HDL 7K P-4 e i 4 B S T v, s i
Kiz sl IR ALHI T 8BS [ PPAR-o 3k 20
NEAEEEELA C

ACO JE it A bWl 1A B-4a 1 Y — i B i il , = 22
Tife e A A A A B B o I ol =2 A8 R T B g 5
iR, NimiiE AL iR itk — 254 {1k, EHHADH & 4 Jfi
TR A K BT L-3 F2-CoA i S0 P A I e IR AR
AL YIRS ) R, 7R AL AL A B AR Ak
ok e 8 /E . ACO . EHHADH Jif§ %% 5% 36 35 3 &
PPAR-« 315 , & PPAR-a 1Y FUFHEIE A, ARAFFFT 45 R
R, EIR4L IR /N BB 8 L PPAR-oo mRNA A%
X HE AL B T R, R UE 3 ACO i EHHADH mRNA
FRET AW T, 2304 IR /N &k T
TR, H: PPAR-a T3[R ACO & EHHADH mRNA #
IR R BR A e L, B a2 Bl T AR A o L
PPAR-a % ik, #F — 20 006 LR i R L ACO K&
EHHADH , MM H45 I Wi R B-4A L fig 1 It el 38 B Ay
K IR,

ZE L ik, A oY 45 R R W, i Uk Az ) T i
ApoE F[H F Bk IR /N ARG 25 6L 2 IR, Hg s AL T
fe5 LI E LR PPAR-o, HE— A 0000 HR S 3L X
ACO K EHHADH, M ifif £ = g 05 iR | A AR 68 A
X,

2 % X #
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