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i B, FKiMRAE SRR SR B PGC-1a AL THAFHHm, HETAS
MEMER % SD KA T/HICHARAR | ERG IS A F A8 IER 2 #HANHQ) ., F A &Ik
A FLA(NHE), 16.3%K 8.3 I8 IE A #21(HGQ1) . 16.3%{% 2.5 A5 15235 3y 1 (HGE1)., 13.3%
1RE 3 MR IE TR (HGQ2). 13.3% KA S IRERiZ3 4 (HGE2), #4444 10 R, B34t 8
J & A4, Bp 20 m/min, 40 min/d, 5d/B. KRiE3) 24 h JE A5 K R IFRAF, T fg 4 T fe
£ #%(BG), qRT-PCR #& R4 PGC-1a & Fi# B F 49 £ 35 (CPT-1. MCAD. PPARY), &R %
1)7 B &R IER T A% e o Ie i K SRR # 55 2)5 NHQ #= HGQI 41481k, HGEl., HGE2
Fo NHE 284k & T B3F 7 2 5 3% 2 % (P<0.01 2 P<0.05); 5 NHE #2481k, HGEI #» HGE2 414k
Ji % % %M T B(P<0.05);3)5 NHQ 2248t ,NHE 41 MCAD mRNA 4 ik 3k % 2 & Eif(P<0.01);
HGEI 41 PGC-la, MCAD. PPARy mRNA %A 3 % 2 Z Mg e &, B F 138 hm(P<0.01 K P<0.05);
HGQ2 41 PGC-lo mRNA %.ik 3F % % % # L 3(P<0.01); HGE2 4 PGC-la. .MCAD. CPT-1.PPARy
mRNA & ik 4E% 2 F M FEK 2 ZH EiFP<0.01 & P<0.05). 5 NHE #1488, HGEl #= HGQ2
20 PGC-1a mRNA F ik B F 3 hm(P<0.05); HGE2 28 PGC-la. . MCAD, CPT-1. PPARy mRNA
FoA W R &M AR R EE EAP<0.01 & P<0.05); NHQ. HGQI #= HGQ2 21 MCAD mRNA
FOAE W R EM T HBRE FM TFHP<0.01 X P<0.05), 5 HGQl 448k, HGEl # HGQ2 4
PGC-1a.MCAD 4 i k% 2 %M EiA K 2 2 H EiE(P<0.01 5(P<0.05); HGE2 %1 PGC-1a.MCAD,
CPT-1 mRNA %k 4F % 2 %M Eif(P<0.01); NHE 21 MCAD. PPARy mRNA % ik 3F % 2 5 M3 2
FAEFA(P<0.01 &K P<0.05), ZREAN: (DKBPZBELTHFEMERBEL L, QIKEF(R)
it F 35 3 7] A AT R E I IE R RAR R E, A B R PGC-1a B3 Fiar A W ag Ak, 13.3%1&
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Abstract: In order to probe into the effects of hypoxic exercise on PGC-1a in skeletal muscle of rats with alimen-

tary obesity and its downstream factors, the authors built a model of SD rats with alimentary obesity induced by
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7-week high-fat diet, then divided the rats randomly into a normoxic high-fat diet quit group (NHQ), a normoxic
high-fat diet exercise group (NHE), a 16.3% hypoxic high-fat diet quit group (HGQ1), a 16.3% hypoxic high-fat
diet exercise group (HGE1), a 13.3% hypoxic high-fat diet quit group (HGQ2), and a 13.3% hypoxic high-fat diet
exercise group (HGE2), each of which consisted of 10 rats, continued to feed the rats with high-fat food, let them
undergo 8-week endurance training, i.e. 20m/min, 40min/d, Sd/week, killed and sampled the rats 24h after the last
exercise, measured 4 blood lipid indexes and blood glucose (BG) by means of test kit, measured PGC-1a and its
downstream factors CPT-1, MCAD and PPARy by means of qRT-PCR technology, and revealed the following find-
ings: 1) 7-week high-fat diet could induced the increase or significant increase of the weight, BMI, as well as BG,
CHO, LDL-L and TG contents of the rats (P<0.01 or P<0.05); 2) as compared with the rats in groups NHQ and
HGQ1, the rats in groups HGE1, HGE2 and NHE had a decreased or significantly decreased weight (P<0.01 or
P<0.05); as compared with the rats in group NHE, the rats in groups HGE1 and HGE2 had a decreased weight
(P<0.05); 3) as compared with the rats in group NHQ, the rats in group NHE had a significantly increased MCAD
mRNA expression (P<0.01); the rats in group HGE1 had increased or significantly increased PGC-1a, MCAD and
PPARy mRNA expressions (P<0.01 or P<0.05); the rats in group HGQ2 had a significantly increased PGC-1a
mRNA expression (P<0.01); the rats in group HGE2 had increased or significantly increased PGC-1a , MCAD,
CPT-1 and PPARy mRNA expressions (P<0.01 or P<0.05); as compared with the rats in group NHE, the rats in
groups HGE1 and HGQ2 had an increased PGC-1a. mRNA expression (P<0.05); the rats in group HGE2 had in-
creased or significantly increased PGC-1a., MCAD, CPT-1 and PPARy mRNA expressions (P<0.01 or P<0.05); the
rats in groups NGQ, HGQI and HGQ2 had a decreased or significantly decreased MCAD mRNA expression
(P<0.01 or P<0.05); as compared with the rats in group HGQ1, the rats in groups HGE1 and HGQ2 had increased
or significantly increased PGC-1o and MCAD expressions (P<0.01 or P<0.05); the rats in group HGE?2 had signifi-
cantly increased PGC-10, MCAD and CPT-1 mRNA expressions (P<0.01); the rats in group NHE had increased or
significantly increased MCAD and PPARy mRNA expressions (P<0.01 or P<0.05). The said findings indicate the
followings: 1) long-term high-fat diet can induce the occurrence of alimentary obesity; 2) hypoxia and/or endurance
exercise can effectively control the weight of rats with alimentary obesity, increase PGC-1a in skeletal muscle and
its downstream factors, while endurance exercise under a 13.3% hypoxic condition can achieve a better result.

Key words: sports biochemistry; hypoxic exercise; alimentary obesity; skeletal muscle; PGC-la; rats
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TSR EYE SD K B(SCXK(#)2011-0015)100
H T ERER S s o B AL (KT 170~220 .
SRS, 5 RS, ASOUIHE, AHREE. K
K, R 22~24 °C, 1B 409%~55%, HEEREENEZ
PR U S sl TR (R 7 ERER 2= sl S g s
PRf); ERNERER. REME 209% . I 15%. JERERE 1.2% .
JRAREN 0.2% . FEEE T 10% , BEFREES 0.6% . A 0.4%
R 0.4% . FEREIARE 52293 MR FREE
LI E R, SCXK(HE)2013-0002), EAGREE
BERELL: BRI 17.5%, 6N 37% , MoKAE) 45.5% (5
). KBNS MEERE EZ4(CON, 20 H)FIElg
FEETEAELL(DIO, 80 H). FRALI:Z) B TR,
ARG S A R R (R B R A K RRUACEE 1Y 20%
AR VEAE SRR R, FE2eEMess 7 J8JS, M CON
ZHAN DIO 2043 IBEHLPkE 10 HAT 18 K, HRAESUMm, Ml
LIt g, Z5ARKEUATE . BMI, SR,

MRS ST T4

BFRPENERER R AT s E 19 60 KRy
K6 A HEEIEESLFAIINHQ) . # A SRS
IBENL(NHE) . 16.3%A% %= IR IR £ 22 ##41(HGQI) |
16.3% A R IR RE 2 SI4L(HGE) . 13.3%KE R IR HE
BLHHMGCQ2). 133% LA EARE iz 34 (HGE2),
R 10 HERST70 8 Jil, ik T RislE & 5%, 1230
AT 8 G SN, mitk 1 s, $#L20
m/min, 40 min/d, 5d/J8, FEEYE N 0%, #Ei7m S
i8], RN 24 h JGFERE, KR T 3hkiRu,
3 000 r/min 50> 15 min, HUME; 55—k ILE:
WHEGHETR, T —80 CHAKRIKFKIAMAAE, FF,
1.2 [Bg. MAENZE

2 [ s A A A R LA Y0 (R e A B2 5
&) BIHFEEL(COD-PAP 1), B% IR M (B IR
BEUITEDR) . NS BN A CR OB IRRDTIER) . Hlh
ZHR(GPO-PAP 7). A A S 22 A 75 F2 (o A 1M
BHAAR) .
1.3 SERPRIEEE PCRIME PGC-1 « RE T FEERIX

Trizol {EEHUEHSNIAZUE RNA, L 1 pg &
RNA JH TaKaRa /A @ f#% PrimeSecript TM 3% 5187 &
HEAT RS 5 [ W 3RS cDNA, {#i SYBR Green I %
Yekl, SEmPEEER PCR(ABI 7500 AIZE G PC
RAX, SEE)ME PGC-1a . CPT-1, MCAD. PPAR vy
mRNA FRikfE, ¥R BAEER: 10 min 95 °C;
30595 C, 60 CiBK 1 min(PGC-1a . MCAD,
PPAR vy fl GAPDH), CPT-1 58 °CiE ‘K 1 min, 3t 40
AMER . LL GAPDH fEANZ:, 35 H B AT
Fika( MIRARMEED) o FIH Primer 5 AT
Y, A TAEYA RSB S TS LR 1,

%1 qRT-PCR B|#15%!

AR 514 B 51(5°—3)
PGC1 F: CACAACGCGGACAGAACTGA
-1a
R: CCGCAGATTTACGGTGCATT
CPLI F: CGGTTCAAGAATGGCATCATC
R: TCACACCCACCACCACGAT
F: CAAGAGAGCCTGGGAACTTG
MCAD
R: CCCCAAAGAATTTGCTTCAA
PPAR F: TCCGAAGAACCATCCGATTGAA
! R: GCAAGGCACTTCTGAAACCGACA
F: TGGTGGACCTCATGGCCTAC
GAPDH
R: CAGCAACTGAGGGCCTCTCT

1.4 HIESIT

BRIEE A Excel 2007, 455 FHF- 0% + b
WE22(x £ ), GraphPad Prism 5 #1780 Ge 1 KA
B, SPSS17.0 Ak {FEAT 2 N Jr 22530, WLz Al
FPMSTREAR ¢ K8, DL P<0.05 H2E5t i E MK,
P<0.01 2= AR K

2 KWGERRBAHN
21 BEEEAFSERMBMEARSRET

7 RIS SR, DIO 41K Bl CON 411
B BMIBEAER BB N(P0.01, WE2).

Fz2 TRAXRMAKRARE. KKFABMI bLEL

28 %) n/ A R E/g R /em BMI/(kg + m™)
CON 10 366.340+31.126 22.980+1.142 6.942+0.404
DIO 18 505.252+33.391" 25.180+1.207" 8.002+0.716"

1)5 CON #ak, P<0.01

5 CON 41k, DIO AR MBE(Blood Glucose,
VIR TRiFR BG). E\Eﬂ@?(Total Cholesterol, TC), 5%
JERE £E 1 (Low Density Lipoprotein Cholesterol, LDL—c)
YR W RN (P<0.01), Hl = A5 (riglyceride, TG)

PRI (P<0.05)(WL 3 3), 1 5 % AR 85 M (High
Density Lipoprotein Cholesterol, HDL—c)JC i #7254k,
TS ATREAR . 7 FA N WSRO BB B i O AT S e
S 4).
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#3 WEARMERMIELRE (x +9) i mmol/L
@R R BG TC TG HDL-c LDL-c
CON 10 2.960+0.360 1.282+0.308 0.608+0.175 0.538+0.141 0.371+0.174
DIO 18 4.572+0.834% 1.583+0.349% 0.936+0.220"  0.428+0.175 0.528+0.107%

1)5 CON ZaA83k, P<0.05; 2)%5 CON ZiAakk, P<0.01

k4 BESMFALRERE G+’

g
B 18] CON 41 DIO %1
%14 24.671+2.929 23.982+3.046
%2R 26.000+1.089 23.99942.141
% 3R 29.429+0.920 25.365+1.878
% 4 30 27.034+2.638
%5 )8 32.143+1.380 29.05142.167
%6 )8 30.652+0.805 28.124+3.066
%77 32.769+5.142 29.303+3.937

DMK RBLE T LR EEEF

i b, 7 EEBEREEFRS, DIO A RFUES

BRI IERBTR . BML, A R T CON4L, H
PRBRI T CON 41K 209% ; MIRAE LA G AR

FHA BG, TC, LDL-c gl g tn, md
KEBERLREEEZS, ErRRBREEHESNESR
PERE A BB 57 o)™
2.2 REEHTFAMEFERHERRIEENZI
5 NHQ 41f1 HGQ1 4L, BIRrEARpER R E
REEE TN, HGE1 41/ HGE2 41K AR
A B EME R (P<0.01), NHE ZHRJT R BT R
(P<0.05); 5 NHE Z0AHLt, HGEL 41F1 HGE2 41K K
PRI 0 3 FRE(P<0.05). INER 2 JEOT IR, VA&
iz B0 KRR BT o 4 1 W 3 AR TR 4RSS R R
(P<0.05) (L5 5).

£5 T8 EASBARRKRE (x +9) lLE

28 5 FF 45 0 %14 %2R % 3 A %4
NHQ 520.04+50.34 538.95+52.50 560.52+55.59 579.23+63.57 592.90+65.41
HGQI 519.34+37.23 532.78+41.37 551.28+42.15 572.86+44.99 578.96+48.65
HGQ2 518.21+33.97 529.09+37.18 540.68+38.71 560.99+42.58 568.39+43.03
NHE 519.20+34.18 527.48+37.14 531.09+39.59 540.96+41.12 551.33+38.02
HGE1 498.80+34.81 472.62+39.78 474.03+39.72"9 477.08+41.75" 475.40+36.9399
HGE2 490.86+19.96 478.97+12.85 476.03+16.65"Y 481.11+20.35"% 470.09+19.619%)
213 %50 % 6 % 7R %8R

NHQ | 601.19+63.22 617.31469.73 631.54+72.21 633.52+71.08

HGQI1 | 595.22+49.51 608.16+47.43 626.63+49.90 631.13+51.36

HGQ2 | 581.09+42.38 598.03+45.33 614.71+48.72 618.57+51.42

NHE 550.94+49.97"% 572.96+37.20"Y 578.74+46.38"Y 570.41+45.439

HGE1 | 487.70£34.5479% | 496.87+30.697YY | 510.10£36.20”%° | 499.72+38.067%%

HGE2 | 479.66£21.1779% | 490.93+26.63%YY | 494.19+32.727%°) | 496.54+41.927%9

5 NHQ 4141k, 1)/<0.05; 2)/<0.01; 5 NHE M 3)/%0.05; 5 HGQ1 ZiAHI; 4)/<0.05; 5)/%0.01

2.3 REEFTHMNEFELKEXRBAER
PGC-1 a RETiifE FEE Rz M

)5 NHQ 4AHH:, HGEL 4H. HGQ2 ZH#1 HGE2
R PGC-1 o mRNA ik FIFHER 3% (7%0.01);
NHE 20 #1 HGE2 41 K il MCAD mRNA #ik EiRARH &
E(P<0.01), HGEL 41 K, MCAD mRNA 23k i 14
(P<0.05); HGE2 41K CPT-1 mRNA ik FiER &
F(P<0.01); HGE1 41 M1 HGE2 KF. PPARy mRNA %
K E RN (P<0.05).

2)5 NHE 414k, HGEL 41, HGQ2 41K PGC-1
mRNA F35 W RN (P<0.05), HGE2 41K il PGC-1
a mRNA ik LR B3 (<0.01); NHQ ZHFI
HGQ1 4 KBl MCAD mRNA Fik FREIE® 0%
(P<0.01), HGQ2 41 K[ MCAD mRNA Fiki# P
(£<0.05), HGE2 41K MCAD mRNA ik FAHER &
F(P<0.01); HGE2 41K CPT-1 mRNA ik FIRAHER
B3 (P<0.01); HGE2 KR PPAR v mRNA ik g 54
JIn(P<0.05).
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3)5 HGQI1 44, HGE1 4. HGQ2 4 F1 HGE2
AR PGC-1 « mRNA ik FIAER B3 (£<0.01);
NHE 20 #1 HGE2 41 Kl MCAD mRNA ik EiRARH &
F(P<0.01), HGE1 1Al HGQ2 21 K MCAD mRNA %
IR EHIIN(P<0.05); HGE2 21K f CPT-1 mRNA ik I
PHEH B35 (P<0.01); HGQ2 ZHF1 HGE2 Kl PPAR vy
mRNA %35 FiHAEH B3 (P<0.01), NHE 4171 HGE1
20 PPAR v mRNA 335 B EHE(P<0.05),

3 g
3.1 SEERFSEFRMMMARER

NE S A 3 AR, P RS R I . W PR
BRI . Shlksk e A A DG, ARG R ALE
ICLEP A A SR B R " AR AL
MR RAAAEZ A ZE, BINAEE . 5L . =g E
R IBAEE . IR RART S BUR A Sk (F)iz )
XoF A £ ek T 7 008 7 R I R O R UL 24
PGC-1 o SILFURSEH 52 , ARSCHG A T = IR
IR E R, BEZ LA R (2)i2
T, BTEESY A S IR 5 e
FESIR, H 5 NGB REREE A, XK IR
WoEM S, HuimARS—briE, HEA 3 FidsiEnl M
e REUEEACRE, 4G ()misA AR - IER
KRR 1.96 IMRiEX , (2 R LA R 1 1E 20
BT 1.4 DERUERE . (3)m R 2H 1A BT i i 1 A
20%". 4Lk BMI B A5 IF# 4R FRUEAT k22
SHTPEE P AFRESRER, &7 SRS
TFRI5 , 80%DI0 4K BUAFHC L CON 2 20%, P
ZH1E) BMI HA B4R, pmAs s e, S5
SRR —3, PR EFRMIE R BB R ™
3.2 REEHMEFMEMHARFERSFHEME

SRR a2, 8 IR R AR SR
B s A RRARE R BUA B &, FEH 13.3%(i%
S (FN)iE Bl T BUBCR B R 4B 16.3% iz gl
HOENE R, X ATREE R TR AT aliis 3l H AR TN AR
PR R AR S R RE &, A4S sh A5 il
KEERR, SEREL, FEHET 0 AL, PLA
RESRIHAEIE N, 1M—2 OMRBUTELT, O MRF M8
%, TR BRI E & M UAFERE S i i 2, PR
WA FNIB BT S, ARAEE RNz 3 T A R
KT, HAARBUM 133% AR E NG % .
3.3 RSIEFEFFIEACRE KRS 8EAL4HAE PGC-1 a

RETHEFIIZN

1998 4F, FEE ALK Puigserver R "HIK K
M PGC-1 o , FAELMAAR K A= e SR AE T, B

KT PGC-1 o A=W Uy i 19 B 55 Bifi 22 iR 1 22
PGC-1 o AIJAFE AR 4L AL . BENRICH . Pl lits
A A TR B TR RS EN AR A i rh
HAEEES, BRSO | MEREESEE . IR
RS SHUABIR G UIAR DG, I PGC-1 o 7E
P AR IZRAR KL . BRITRR AL A i R i
VERI™, WAL, PCC-1 o LIRSS, /NIRRT
FRAEALIE N FGA T, L, $REEEALT PCC-1 a
A s THURCIIRRE . fEBsL, JREIR IR S 6L
A DGR A A SR A R B A2 1 1(CPT-1) .
FHBE BRI A I S (MCAD) , X PR R K
ENRITRIE AZRL IR OCHERE, TERRfR e ki &
ZAER, PGC-1 o AT LLRHERE CPT-1 f2 MCAD™™, tt4h,
Zhang Y P58 KB PGC— o % PPAR v, i
fieitk FXR(famesoid X %1213)%%2:‘%, BLAEIENR
o XERST R PCC-1 o SH R L 7E B LR 7
R4 A Gl AR B R VR

CL A it 742 3] PR B B L B D R S A£G
LIS b BBl BN 2 S EReg Ly B il su a0 o aa= |
H PGC-1 o FEPH R, Akimoto 55 5L i} 7732 8h 1
Tl A/ N p38MAPK {75 5k, SEIMTE PGC-1 o B
HRsFistE. 1Ah, ®4AT, s sibaess solik
HEILT CPT-1. MCAD . PPAR ~y FYZA34 07, 4R 1,
KTHEAT, Mz shFEEEEm PGC-1a . CPT-1,
MCAD. PPAR v ¢, HETEEGHGE, A0 RN A
T, ERERREm issh ThiE, HEsilt PGC-1a
mRNA ., CPT-ImRNA, MCADmRNA ., PPAR y mRNA
SYIE T EVE, 5 Carnevali 25 gt 4R —2, SR
AMFFEH CPT-1mRNA BEAT L], 5 DIAERF 5 ARFE,
KT HE NI 1383015 CPT-1mRNA A0 ] fE
(it — 80 . ARSI PR T T A 12
TSN, AT A RAB AR AR s 3 T
i, AREURMR S 3l AT A R A BT i, 7ELME
MAEFE™ AFRAT AW A FTIESS . Bigard 45
& B A ARG sl B - B UIR R A Ak, 4R
117, ARG RUIRAES )52 B 8% UL i 17 R UL A G o
T(PGC-1 o . CPT-1, MCAD . PPAR v )FIkAIBIFTHE
R . AR EE R BR AR FEARB A BUR AL Az
FIESE PGC—1 a mRNA B933L, 1M 13.3% KA T
BORIET 16.3% KA T, 5 Gutsaeva ' HFFTE5 R
—5 ARG, PCC-1 o Faklk E1H, SR
i, AREAMRAEGS S PGC-1 o (RFSE BT
PGC-1 o ZRRLfR A= D 1™, AR AL Az )
PGC-1 o AR IR A AL T7 T B FE LD, LA
TRAMIGE o Galbes %™ BN 55 Hh & BUILAA
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TR CPT-1 363k IR A2 3 & L H CPT-1 3635,
MRATHIBFIELE RS Z AR o AR ARVIE S shi
MCAD (W52 H A0, AT 455 & A ]
RV BUR Eaz sh¥ Al _Ei MCAD 235, 1 16.3%1%
AR MCAD X N, SUbMtt, 133%fK%
FEFENE MCAD 23k iR, e — 2 IR T
IRAE R EERE I MCAD (9265 T REHA WIAYE . XIS
ERIH CoClLy 175 FARSAIMEE, KB4+ PPAR y2
Fikbfiz LR, MiAR SRR T 45 R R R R A R T
16.3%AK5E ZF2 1 PPAR v 3635 I, 13.3% KA RN
{8 PPAR v Z35 Lill, RUAMCAZEEEXT PPAR v (5400
FIRE AT WA, ARG SAGE S -4 PPAR v
mRNA 365, HATRARREGZ %) PPAR v )57
TR, R iE— T

i b, RARRE A S E SR AT R B LA
Mirh PGC-1 oo S Ui IH 128 20 At 15 80
AR EZ S T HUG , & A R FiR ek R,
PR Fizsh . AR SR AEGS SfE S BTG R S ik
R EZMEN 2Rl A, AREBEUL
Faizdh¥g e PGC-1 o MHFURAFZk B, A
AR RIS S U T RS Rk N IR, X AT e FR
FARSAUARF B HLR F2 B R A — 2
FLA WA , ZEAN R B P T 7= A PR PSR T Bk
PNCE

KN BRI v iE R E R EIE L4, SEWUA
FRIFZE AL o RSN ()i F742 3h ] A icdas il 8 R e e
JHE R B TR R, ARG AR () it 32 BT F 3R R UL
PGC-1 o SHTFUREI ,  HE I s B s UG W g,
Hor 13 3% I A AR 8 T 1328 SR B

S k-
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