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Abstract

Objective: To observe the effects of swimming training on serum free fatty acid (FFA) level and the expressions

of peroxisome proliferator-activated receptor—y (PPAR-‘y), carnitine palmitoyl transferase—1(CPT-1), medi-
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um-—chain acyl-coenzyme A dehydrogenase(MCAD) mRNA in the apolipoprotein E (ApoE) knockout mice, and to
explore the possible mechanisms of swimming training in improving insulin resistance(IR) of ApoE—null mice.
Method: Twenty—six male ApoE knockout mice were randomly divided into two groups: the high—fat diet group
(HFD, n=13) and the high—fat diet group with exercise training (HFD+Ex, n=13). The mice of HFD+Ex group
were fed with high—fat diet with exercise training for 12 weeks. The intervention of HFD group was identical to
that of HFD+Ex group except swimming training. Ten healthy male C57BL/6] (ND, n=10) mice, as the control
group, were fed with normal diet(ND) for 12 weeks. After 12 weeks, the mice were dissected, and the liver tis—
sues were excided off immediately. Serum insulin and glucose were determined, while Homa-IRIl was calculated
to ascertain the establishment of IR. Serum total cholesterol (TC), triglyceride (TG), high—density lipoprotein choles—
terol (HDL), low—density lipoprotein cholesterol(LDL), FFA were determined. The PPAR-+y, CPT-1, MCAD
mRNA in liver were detected by reverse transcription polymerase chain reaction (RT-PCR).

Result: (DCompared with ND group, the body weight of mice of HFD group was significantly higher (P < 0.05).
Compared with HFD group, the body weight of mice of the HFD+Ex group was significantly lower (P <0.05). @
Compared with ND group, fasting glucose, insulin and Homa-IRI of HFD group were significantly higher (P <
0.01 all). Compared with HFD group, fasting insulin, glucose and Homa-IRI of HFD+Ex group was significantly
lower (P<0.05, 0.01, 0.01 separately). 3)Compared with ND group, TC, LDL, FFA of HFD group were signifi—
cantly higher (P <0.01 all). Compared with HFD group, TC, LDL, FFA of HFD+Ex group were significantly lower
(P <0.05, 0.05, 0.01 separately), HDL was significantly higher (P < 0.05). @Compared with ND group, the expres—
sions of PPAR-+vy, CPT-1, MCAD mRNA of HFD group decreased significantly(P <0.01 all). Compared with
HFD group, the expressions of PPAR-vy, CPT-1, MCAD mRNA increased significantly(P < 0.01 all).

Conclusion: Swimming training can improve IR of ApoE-null mice which possibly acts by upregulating the ex—
pressions of PPAR-vy, CPT-1 and MCAD mRNA.
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1.2.1 SIS MR (FPG) k5 28 (FIN) I e A & 25
HHFEEL AR TR . 4 A SRR A3 B0 23 ) 1
T, 0 B e I A5 A /N B 2S R B S R (FIN) . 1
JBE 5 2% BT 45 X IRT (IRI=[FPG(mmol/L) x FIN(wIU/
mL)]/22.5), HOMA 3",

1.2.2 A ARG R (FFA) e . 4 A shA:
AL A3 B S B RH [ B (TC) H IR = B8 (TG) | JiF 25 A s
R (FFA) i % 3 Rig 85 B [ B2 (HDL) , 4% Friedewald
oA B A & 1 IR [ B (LDL) «

LDL(mmol/L)=TC-HDL-TG/2.2
1.2.3 5 JIF I 26 24 PPAR-y . CPT-1.MCAD
mRNA [ 335 . AL 2378 W R P AL s bR ase , im A
Iml TRNzol, 4% M UL B4 5L RNA, 55070 o6
T E A260/ A280 FUAE, Kr B4l , A260/ A280 L
{HAE1.8—2.0 Z [A] . ¥ B i s & A0 SR EA T
Wi S PRVE . M4 GeneBank 215/ B H 4 3L A
mRNA JF %], 7538 1 Primer Premier 5 {4 1% 11 5]
.

PPAR-v: b % 5] # 5'- ACCACTCGCATTCCTTT-
GAC-3" , F % 5l ¥ 5= ATCGCACTTTGGTATTCTTG-
GAG-3";

CPT-1: F % 51 ¥ 5° - GACAGAGGCACTTCTCAG-
CA-3", Fii51#15'- GCTGCTTGCACATTTGTGTT-3" ;

MCAD: F i 51 # 5'- AGAGTTGGCGTATGGGTG-
TA-3", TS 14 5'- GATAACATACTCGTCACCCTTC-3";

B —actin: % 514 5’ - AGCTATGAGCTGCCTGAC-
GG-3", P54 5'- CCAGACAGCACTGTGTTGG-3";

GAPDH: | ¥if 51 % 5° - TCCACCACCCTGTTGCTG-
TA-3", Fii#51#5'- ACCACAGTCCATGCCATCAC-3",

ICcDNA Aul VM AEA , AR YA 100pM 1) |
W AR UE 51 90 45 0.5ul, 2 x Taq PCR MasterMix
12.5ul (3432 0.11U/pl Taq Polymerase, 5000uM
dNTP each, 20mM Tris—HCl pH8.3, 100mMKCI,
3mMMgCL, At A2 7 77 RIS 58 551) , 52 A R oy
10l JZ I 45 1% 49 : PPAR=y : 95°C Tl 4% 1 4min,
95°C 251 30s, 30°C B K 30s, 72°C HEAH 30s, £ 350y
cles, 72°C HEH 8min, 4 CL#AF . CPT-1:95°CHiAE
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4min, 95°C7F P 30s, 54°CiE k 30s, 72°C #E {1 305, H
35cycles, 72°C 4E i 8min, 4°C LR AT . MCAD: 95°C fiil
AR P Amin, 95°C 75 P 30s, 50°C 1B k 30s, 72°C 4E fii
30s, 3t 35¢ycles, 72 CHEH 8min, 4 CLRAF, B —actin:
95 °C F 2L VE 4min, 95 °C7E Mk 30s, 55°CiE K 30s,72°C
FiE i1 30s, 3 35¢ycles, 72°C 4E f# 8min, 4°C 14 1% .
GAPDH : 95°C 125 ¥ 4min, 95°C 2% 4 30s, 55°C iR k.
30s, 72°C ZE A 30s, 2 35¢ycles, 72°C 4E il 8min, 4°C
TRAF o 2.5%35 BEMEE RS H AR 25 (10mg/m 1) fff
FLA U B 0.5me/ml, BRI I & T HLUKEE , n A
0.5 x TBE & #h i , Bt Sl PCR 7= 475 1l 28 FF 2% vy
W 2] SRR, 7E 60V fE [ R HL YK 40min, TANON
G1S2020 % 2 43 B AL ECRS 41 1], 32 FH Image—proplus
6.0 WL UG A AT 3R X 45 R A 721 3 1 4T o
1.3 Gl
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2 #R
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THHFbR T, IE 5 X R | = fgiz shd e B
1R /NRUA T TE 22 55 12 JA T, = IR i 1k 4 4
IEH XTI (P < 0.05) , Filigis shdl &= g
12 B R BRI (P < 0.05) , 5 1E 5 % BRZ TG A i 22
S 1.
2.2 Uk U ZROeE /D B AS E OBE LR R AT Ln
Homa-IRI [ 3£
T2 LLG , 51 X AR LA, S he

*1 RBAFHEIESHEHNREELR (xts,g2)
20 51 LGilkAe R ULIENEY s R E
N eopitil 10 18.8+2.4 268+2.5
o e 13 19.0 £2.3 32.0+3.0"
gz sh4l 13 189+26 27.1+24%

SIEH R A DP < 0.05; 5 En g 1h4H . QP < 0.05
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140 FIN . FPG 1 Ln Homa—IR1 KB & F &5 (P 1
<001 ; HIE#H X HBALE, migiEsh4d In
Homa-IRI B & 7+ & (P < 0.01) , 1M 55 /=5 g i 1 2H A
A, 5 i3 2 4H FIN \FPG F1 Ln Homa—IRI 7K -1
A S FEA (P 43 51) < 0.05.0.01.,0.01), W32,
2.3 UK INZRN i A 25 R IR 1) 52 e
5JIE 8 X B2 A L3¢, IR 1L 4 TC U LDL,
FFA KB R THE (P < 0.01) 5 5 m S 1 4HAH
B, BRI B4 TC \LDL  FFA 7K B 52 FR AR (P 43 531]

<0.05.0.05.0.01) , HDL 7K B f F+ &5 (P < 0.05) .
W23,
2.4 Ukiz s X IE 2H 21 % PPAR-y . CPT-1 FlI
MCAD mRNA &3k 540

12 JAEvkiz sh T s , 5 15 5 X B4 A Fe A,
i lgH 1E4H PPAR- vy .CPT-1 . MCAD mRNA #ikH]
WREL(P ) <0.01); 5 & ARFE IE4UAH LLES, iR iz 5))
ZH PPAR- v .CPT-1 . MCAD mRNA 35 B i34 fin (P
¥ <0.01), L4, K13,

FR2 BANMRTERBE . SEME RBZRTIEHEE ()
2 51 15%% FIN (mmol/L) FPG(mmol/L) Homa-IRI Ln Homa-IRI
TE X BR 2 10 541 +242 6.91 +1.02 1.69 +0.87 0.04 +0.06
R AL 13 11.98 +2.47" 8.94 + 141" 4.80+1.28 1.52 +0.32"
Filgissh 4l 13 8.54 +3.50% 6.39 + 0.66" 2.40 +0.95 0.93 +0.24%

MR LA T R S DP < 0.01; I8 B4 55 1E % IR LA QP < 0.01; i iR 12 shAl S s s 1 4L 4 : QP < 0.05;@DP < 0.01;BP < 0.01

*®3 KANRMASTIFFA L

(x+s, mmol/L)

ZH 5 %L TC TG HDL LDL FFA
TE X B 10 2.14+0.37 0.53+0.12 2.01 £0.35 0.48 £0.23 1.00 £ 0.24
R LA 13 19.38 +4.15 0.85+0.44 1.50 + 0.89 3.46 £ 1.027 1.36 +0.27"
gz she 13 13.27 £ 3.37% 0.65+0.18 3.75 £2.04% 3.08 £ 0.86% 1.08 +0.20°

e R L 2H 5 1 X IR U DP < 0.01 5 S IR IZ 2i2H 5 w1120 HAE - @P < 0.05; P < 0.01;@P < 0.05

*R4 HAFTAEHAL S PPAR—y.CPT-1,MCAD mRNA

RiEtEHEL R (xs)
2151 5% PPAR-vy CPT-1 MCAD
EHXEA 10 1.46+0.17 1.57 £0.23 1.15£0.12
ElEEIEH 13 1.03+£024°  1.07+0.18"  0.68+0.18"
EIgZEhA 13 1.92+048%  1.84+031%  1.94+045%

FRE S 120 5 0E R IR Fu s - (DP < 0.01; i B s sh 4 5 s B i b
QP <0.01
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Xif BEZH (P34 < 0.01), HLA&& T i IBH 5 19 5 3R e
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W03 RS R HCPUIR B AC . A5 R Rk N 2]
T 1 PR AR | B A I SR LR A3 ) BRI
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PPAR- v /2 M Issemnn &5 & i (19— Ff /1 B A4 3
VAL R Z R, T 98 2 B PPAR- v 7EAGC 5
Wl g 2 OC T SR VR, AT AL B 105 2 i 4 Gt
TR WA RE , D FR A B 517 () JER 32 25, 1T I Pk
MR AL AR FRATTRT (o R B 2
Sl L P44 PPAR- vy i i5 . AWFFE
— AR BN, WIRE s A /D B IE 4L
PPAR-~vy mRNA f3RKKF-B 8 5 T = AR k41
FEWIF UK I 5 AT LA PPAR—y  mRNA By 5K
B, 255 AR = ARE s 4 TC FFA RS R
HETHE BURARES I, BRI I SRk 3 IR ML
A fEE M | PPAR-y mRNA 192 ik ok 52 9
() o JCALHI AT RES5 8 15 AR 2 5 IR AR DCIE R 1) 2=
KA K IR BESHE 12 HE PI-3K W7 BA(7 P85 [y e k!
R R A5 S T AT e R ) A

NEWR E AL AL, CPT—1 J&— i SR i, Ak

BIVITR S ie RZRRIET T B Ak, CPT-11 T4k
PRSI, 7 BE S A e SR AE T . MCAD J2 ik
NEWiR B EALE— 2 0 S HERG , 7EA5 IR B Atk
HAATEEHAL, IR A 3G 3% , MCAD SRk =,
1 F MCAD AT DL B2 I W fig i iz B Ak 28 1k o
CPT-1 ¢ MCAD 2Z V7 Z 8 Mg 8 15 /E A, Horr,
PPAR- v B9 5 VE 32 B E AL, W58 R W PPAR- vy
FIEJE AT L —215 S CPT-1 MCAD 2635, JEim
IR TR B AL FEFRATTA L, 12 i
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NS, =85 3 2H CPT-1F1 MCAD 2831545 1
W IbE . WA, iz 3l ) Ae A F R PPAR- y
mRNA {2535, 840l CPT-1FI MCAD {3535, 325 T
BUAAE i 0 R B A1 P, S i T BILAAS (%) % i U R 48U Ak
REJT, W TR AR ZE L , s 5 R

gk BTk, & 12 AUk RS | g sh 4/
IR AU ZE ALAS S W Sl 2lests | I 5 R AT ] I sl
g iz S T IE PPAR- y .CPT FIMCAD 235 i 2%
P2, e UK N 2008 N BRUBE 5 Z2 AP ML vl g
S5 bk N 2o A EZH 21 PPAR- y A 3K, AT |
P& CPT-1 I MCAD (335 , 38 AL B 15 R 1 A1)
FH, BEERR G .
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