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Abstract

BACKGROUND: The incidence of obesity is gradually increasing, which is prone to cause a variety of secondary diseases. Therefore, numerous weight-loss
intervention strategies have been proposed, among which exercise intervention or/and hypoxic exposure have better effects on the prevention and treatment
of obesity.

OBIJECTIVE: To explore the effect of hypoxic exercise on the protein expression levels of peroxisome proliferators-activated receptor a (PPARa)/peroxisome
proliferator-activated receptor-y coactivator-1a (PGC-1)/Lipin1 in the skeletal muscle of rats with alimentary obesity.

METHODS: Animal models of alimentary obesity were established in rats, and the rat models were then randomized into normoxic quiet group and exercise
group, 16.3% hypoxic quiet group and exercise group, and 13.3% hypoxic quiet group and exercise group. The rats were fed with high fat, and all exercise
groups received an endurance exercise, 20 m/min, 40 min/d, 5 days per week for 8 weeks. The rats were killed under anesthesia and sampled at 24 hours
after the last exercise. The protein expression levels of PGC-1a, PPARq, and Lipin1 in the skeletal muscle of rats were then determined by western blot and
immunohistochemistry.

RESULTS AND CONCLUSION: The rat model of alimentary obesity was induced by a 7-week high-fat diet. Compared with the normoxic quiet group, the
expression of PGC-1a protein in the skeletal muscle of rats was significantly increased in the normoxic exercise group, 16.3% hypoxic exercise group, and
13.3% hypoxic exercise group (P < 0.05-0.01). Compared with the 16.3% hypoxic quiet group, the expression of PGC-1a protein in the skeletal muscle of rats
was significantly increased in the 16.3% hypoxic exercise group (P < 0.05). Compared with the 13.3% hypoxic exercise group, the expression of PGC-1a protein
in the skeletal muscle of rats was significantly reduced in the normoxic exercise group, 16.3% hypoxic quiet group, and 13.3% hypoxic quiet group (P < 0.05—
0.01). Compared with the normoxic quiet group, the expression of PPARa protein in the skeletal muscle of rats was significantly increased in the normoxic
exercise group, 13.3% hypoxic quiet and exercise groups (P < 0.05-0.01). Compared with the 13.3% hypoxic exercise group, the expression of PPARa protein in
the skeletal muscle of rats was significantly reduced in the 16.3% hypoxic quiet and exercise groups (P < 0.05). Compared with the normoxic quiet group, the
expression of Lipinl protein in the skeletal muscle of rats was reduced in the other five groups, and reduced significantly in the 13.3% hypoxic exercise group
(P <0.05). To conclude, hypoxic exercise can increase the expression of PGC-1a and PPARa and reduce the expression of Lipinl protein in the skeletal muscle of
obese rats, and promote the oxidative metabolism of fatty acids in the skeletal muscle, which is beneficial to improving skeletal muscle energy metabolism of
obese rats.
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JULUIE 17 12 S8 A AR o kS e AR . (RERIS BT T 75 R B
H&JUL PPAR0/PGC-1a/Lipinl ik ? [E A AMEE W ARIE . 4TI,
VLB FE A B E TR NE R BB, B 0 L AT 8 AN
FEER D BEREIZ ST, RARAIS B LR A
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Western blot AT : #i PGC-1a(ab54481, ABCAM 24
@), ¥ PPARa(AB227074 , 3£ [H ABCAM 24 & ), # Lipinl
(ab181389, ABCAM /A7 ), $i GAPDH(ab8245, ABCAM A1 ),
$1 HRG-rabbit(7074s, cell signaling A ] ).

% 9% ¢H 1L BT B #1 #6:  $i PGC-la(ab54481, ABCAM
/A #l), Ji PPAR(ab233078, Z [H ABCAM 2 i ), #i
Lipin1(ab181389, ABCAM A1 ), 111 2EHi % IgG/HRP E4&4 (1t
HHHZ ).
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3%H,0, % J& i & 10min, 0.01 mol/L pH 7.4 PBS ¥ %% 2 minx
3 WK 4»5¥% N PPARa. PGC-la. Lipinl HiifA (1 : 100), i@
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2 4%£R Results

21 ER%HHBESN THLSHE, FMAKR S5 N, Hb
WA 22 R 16.3% (LA 22 L1 10 W, B AGE 3 4.
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Feha, mRRE IR R AR R R TR
THERE A Y, ERGIEE BEMER Y (P<001), W&
F1 | AKE 7 ARPERRERE, SKAERBEHERY (o)

Table 1 | Comparison of body mass, body length and body mass index
between the two groups at the end of the 7" week

A (cm)

22.980+1.142
25.180+1.207°

203 n

ST | 10
G i 18

e 5w A, "P<o0.01

e R I B A AR ZE R SR U . SR L (RS SR R IE
[P 27T 28 St 2 v T R 2 (P < 0.01), = H K is
T 4L (P < 0.05), 17 ey R R IR A 1A JDEL T 7K~ 0 g ¥
FAAN, DU A BEAR . 7 F A PRALR BB B B OF AR 2 2 5
Wz 2.
2 | AFE 7 FARMEAAR MR MAEL " (xts, mmol/L)

Table 2 | Comparison of blood lipid and blood glucose levels between the
two groups at the end of the 7" week

PRRRRAREL (kg/m?)

6.942+0.404
8.002+0.716°

R (g)

366.340+31.126
505.252+33.391°

4153 n  IfipE RERERE =B R B NRE R E R R
EEERE e

W iE 10 2.960+0.360 1.282+0.308 0.608+0.175 0.538+0.141 0.371+0.174

[Eaceil

wlEEE 18 4.572+0.834° 1.583+0.349° 0.936%0.220° 0.428+0.175 0.528+0.107°

TR

FyE: SR A4ILE, °P<0.05, °P<0.01

gil, 7 EmERE IR, SRR RIERA KRB
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A, HAAEpEE KT EE g 4R 20%; Mg ZE A%
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A E 2 w THE R 4, SR IR i S E R AE
KA A T T

23 KRB Fh At E SR IERE K R R L L PGC-1a & G
FEHA Y EERHANEAIZHA. ERRUM
16.3% R AIS N4 FISBIULR 13.3% K5Iz 34l 16.3%
IR 48 22 0 20 71 16.3% fIC AU 18 B 4. 13.3% 1% 5 22 i A
13.3% IR EUZ B 40 K B % UL PGC-1a 8 11 R 1A /K P AH L 22
FYIEREME (P <0.05); FEAZHFAM 13.3% (KEHiz5)
. 16.3% RS 2 FHALAT 13.3% fik %02 341K BE B WL PGC-
la HARBKFHEERAIEE EFEZE X (P<001), 1
3.

#3 | REEHNEFMEHAR T RUILET SN ARILEHEZ K
y HECEDF la ERFRIENFNT (xts, n=6)
Table 3 | Effects of hypoxic exercise on peroxisome proliferator-activated

receptor-y coactivator-1a protein in the skeletal muscle of rats with
alimentary obesity

ZH 5 I B SE TE A 24 v JEGTE 4 F 1a/GAPDH
AR 0.3240.09

AR IE B 0.59+0.28"

16.3% (R4 %4l 0.39:0.19°

16.3% L2884l 0.62+0.17*

13.3% IR %40 0.53£0.21°

13.3% (REUZZN4H  0.8240.15°

ik SEELHAME, °P<0.05, "P<0.01; 15 16.3% kA 4L, P <0.05
55 13.3% (LAUEEHALMLL, °P<0.05, P<0.01

KEEHEIUL PGC-1a PHIE G (73 A, W 1. (5
. 16.3% R LHHAM 13.3% (IR %4l PGC-1a g 1k
Je e B BN RARR COR TR T h: HA
BB KR E B WLLH M PGC-L1au 428 BH Itk [z & A H8 588, 47
PERAVE QR 2 HPR AT TAE ;. 16.3% (RAizah4l
A 13.3% IR A IS S5 B UL4H D PGC-1a S L BH T Gt 1y 52
R, PR A T4, R X 2 .

TR 16.3% 1% % 13.3% KA
- 3 A TR B Y .
Y sl 5 N W g —
ey Py g ? ¥
LA - el =
_. udy .
i A i
B b
- \
Zah4l

/“‘,’\"‘4:)"_ ‘,1 - ‘)ﬂ.

Bl ik B REA BRIk

E 1 | EEEIXTEF AR S 8EA 4R S U BEAEEYIEUE
Fh v HFUESF 1o FIEHIFN (x100)

Figure 1 | Effects of hypoxic exercise on peroxisome proliferator-activated
receptor-y coactivator-1a protein in the skeletal muscle of rats with
alimentary obesity (x100)

2.4 AKRFGE B3t S AL K R B B WL4n I PPARo & @ &
RehHoh WARKHNS 13.3% KA S H 1R B E L
PPARa £ [ R IA /K PAH LL 22 e B R 2 2 11 2 3 (P < 0.01);
WA S E R FR Y 13.3% (IR LR
16.3% A % F 4 5 13.3% IR I2 30 4. 16.3% R iz 3 4
5 13.3% RS2 5h 41K BE 8L PPARa 28 H FIA /K T4 Eb %
B REME Y (P<0.05), WLE 2.
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—— [%yE: AL AE. B, BE. C,
] CE 4 By S b AL

WAEIEEh 4. 16.3% 1k
0.5-’1‘
0-t—r T T T

A, 16.3% (R4
o &

PPARa /GAPDH

zEH. 13.3% (LA %
B, 13.3% CAIZE)
4. °P<0.05, °P<0.01

E 2 | REETEFMERAR SIS SR IEEYEEZ S
a(PPARa) FE A FRIAHISZNN

Figure 2 | Effect of hypoxic exercise on peroxisome proliferators-activated
receptor a protein expression in the skeletal muscle of rats with alimentary
obesity
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Figure 3 | Effect of hypoxic exercise on peroxisome proliferators-activated
receptor a protein expression in the skeletal muscle of rats with alimentary
obesity (x100)
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Figure 4 | Effect of hypoxic exercise on Lipinl protein expression in the
skeletal muscle of rats with alimentary obesity
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Figure 5 | Effect of hypoxic exercise on Lipinl protein expression in the
skeletal muscle of rats with alimentary obesity (x100)
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Table 4 | Two-way analysis of variance of PGC-1a, PPARa, and Lipinl
proteins in the skeletal muscle of rats with alimentary obesity after hypoxia
exercise intervention

FAZE AR F1H Sig. {8 R IERH Sig. {8
PGC-la O, AR/ %L 1.260 0.294 0.334
230 3.336 0.075
0, T F 5Kt x 123 0.028 0.973
PPARa O, {AFI 4 ° 4,520 0.016 0.013
izzh? 5.202 0.027
O, I3 ¥ x i85 1.005 0.374
Lipin1 0, 7RAI- 41 2.839 0.072 0.224
123 0.373 0.545
0, h#5Ki x i83) 0.649 0.529
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3 i Discussion
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