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[E] HE IO R E I ZE, W H 421 Ghrelin 1R A GHSR 7K F-AI2E1L, DL FE RV
FRJE A Ghrelin-GHSR 8 BEUCGE LA, ik Mtk CSTBL/6J /N, BAIL 4 538 X IR (C,n=8) FH i g
JEEA (H,n=52), H A IEREBALS , BEHLS A AR BEXT IR (HC) REREH Eiz sh 4l (HE) R A B4
(HH) ALK AIZ B4 (HHE) . 328 3045 2 A7 b 450 B 0 5 U1 45, (R 4045 A R AT ) BRI AU 3R B8 (11 2% SR
) ioRERAEREAESE 34 A, WG TC TG .GLU F# Ghrelin 7KF , RT-PCR ¥k F ik GHSR HiI'E
Ghrelin mRNA FRiE7KF, WB #ll F Ffili GHSR A1 NPY 25 14 7 & M H 22X Ghrelin ,Goat il HIF-2a 255, 4R
(1) T8 4 J&J5 ,HE HH 1 HHE 20 R E 5 HC 21 W 3 REAIG; (IR 420 T B A9 Se W B B, HH R HHE 4 (98 2 3l R
Kot AELBE G T F0 5] RSB, P 2% 2 A 42 B i 20 B8 5 (2) HC ZH MR A6 45 2 35 5 T C 41, HH 20 TC K48
HC 41 58 2B AIC, HE \HH A1 HHE 2 GLU /K -4 HC 48 3 T % ; HH #1 HHE 41135 5. Ghrelin /KP4 HC 418 2%
% ; (3)HC 41 F Fefii GHSR mRNA A1 Ghrelin mRNA /K4 C 2HA% B3 F R, HH A HHE 24T Fefii GHSR mRNA
K HHE 418 Ghrelin mRNA 7K HC 44 @3 7, (4) HE . HH #1 HHE 20 F ki GHSR & F /K F 8.3 & T HC
70 ; HE 411 HHE 20 NPY % H/K V-8 75 T HC #1;(5) HE \HH # HHE 41 & Ghrelin 25 H /K V- 2375 T HC £1;HE
ZHF1 HHE 20 Goat & /K V- 2w T HC 41 ; HH 211 HHE 41 HIF-2o UK FEBE ST HC 4, &g REII%
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[ Abstract] Objective To explore the mechanism of the ghrelin-GHSR pathway to alleviate obesity in hypoxic-
exercise mice by observing ghrelin level changes in the gastric tissue and GHSR levels in the hypothalamic tissue. Methods
Male C57BL/6] mice were randomly divided into the control group (C, n=8) or high-fat diet group (H, n=52) to
establish the obesity model. After 8 weeks, the H group was further divided into the obese control group (HC), obese
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exercise group (HE) , obese hypoxic exposure group (HH) and obese hypoxic exercise group (HHE). The HE and HHE
groups were intervened by mid-intensity treadmill training while under intermittent hypoxic exposure ( 11.2% oxygen).
Weight and food intake were recorded weekly. Total cholesterol (TC) , triglycerides (TG) and glucose levels in the serum
were tested as well as the total ghrelin levels; the expression of GHSR mRNA in the hypothalamic tissue and ghrelin mRNA
in the gastric tissue were detected via RT-PCR. GHSR and NPY in the hypothalamic tissue and the ghrelin, Goat and HIF-
2« protein expressions in the gastric tissue were detected via western blot after 4 weeks of intervention. Results (1) The
HE, HH and HHE group weights were significantly lower than those of the HC group after intervention. In the initial stage
of hypoxic intervention, the food intake decreased in the HH and HHE groups, and the food intake in the obese groups
gradually became nearly the same as the intervention time increased. (2) The serum levels of the HC group were
significantly higher than those of the C group; the TC level in the HH group significantly decreased, and the glucose levels
in the HE, HH and HHE groups significantly decreased. The serum total ghrelin levels in the HH and HHE groups were
significantly lower than those of the HC group. (3) Compared with the C group, the GHSR mRNA level in the hypothalamic
tissue and the ghrelin mRNA level in the gastric tissue of the HC group were significantly decreased. The GHSR mRNA
levels in the HH and HHE groups were significantly higher than those in the HC group. (4) In the hypothalamic tissue, the
GHSR protein levels in the HE, HH and HHE groups and the NPY protein levels in the HE and HHE groups were
significantly higher than those of the HC group. (5) In the gastric tissue, the ghrelin protein levels in the HE, HH and
HHE groups, the Goat protein levels in the HE and HHE groups and the HIF-2a protein levels in the HH and HHE groups
were significantly higher than those in the HC group. Conclusions  Hypoxic training affects glucose and lipid metabolism
by regulating the ghrelin-GHSR signaling pathway in the gastric tissue to control weight in obese mice.

[ Keywords] hypoxic training; high-fat diet; gastric tissue; hypothalamus; ghrelin-GHSR pathway; mouse
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ICAYILZEHT R 1gG ( Goat Anti-rabbit 1gG/HRP , 1 B
#  bs-0295G-HRP ), SuperSignal™ West
Maximum Sensitivity Substrate ( Thermo Scientific,
34095 ), Rat/mouse Ghrelin ( Total ) ELISA Kits
(Merck EZRGRT-91 K), MiniBEST Universal RNA
Extraction Kit ( TaKaRa 9767 ) , PrimeScript'" Master
Mix ( TaKaRa RRO36A ), SYBR Premix Ex Taq II
(TaKaRa RR820A) ,

1.1.3 %%
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kD, 8 JEE, HEHE H KT C AW iRER
209 AE g AEIHAR R, BEAL 23 9 < NEJEXT HEZH (HC, n =
8) JESEH iz shdl (HE, n=8) JEMAL A R EEL
(HH,n=8) ML KA iZ 34 (HHE, n=8) , 4k 4k
RN S B TRRL, HE A1 HHE ZLE17 30 65 U1 25, 2
12 m/min, 1 h/d, HH # HHE 20 # 82 1E 11. 2% 11%
S5, 8 h/d; Hor HHE 2045 K [ 5 B i) 78 4G 48 2R
Fhizsh 1 h,6 W/, THidk4
1.2.2  JEFEARI L S IBUbA

TR E MR R, SRR R 12
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JHESBCIIL , WA 1LY , —20°C PRAF . I IBCHS IS AR T
PRI FEIGZHER, 7050 BT RNA LRAT- I - 80°C f4
£, 43 5T RNA R (& BT
1.2.3 I EARAEPRALE, Ghrelin 7P

DAt = I e o R o Vi L R N U
(triglyceride , TG) . & IH [&E B ( total cholesterol , TC ) Fl1
MUHE (glucose, GLU) 7K, BRFIRE 493 WK B (enzyme
linked immunosorbent assay, ELISA ) Jll iz Ifil i &
Ghrelin 7K,

1.2.4 R/ GHSR 1§ 42 Ghrelin mRNA AHX}
&l E
el 00 6 2 B R e s RNA il

Femto

RNA ¥ & | 300 5% st 3R B ¢DNA 5, 3% Ui B 45 k47
PCR 2%, Ghrelin Fl GHSR 5|42 % A5 52458 |
A TAY TR L) ARAFEG, 18S ANS
HL P (78 1E QIAGEN QT01036875) , >R JH He 4 B feL
(A ACUTE) X B B SER AR IR AT 08T
1.2.5 F /it GHSR NPY F1'8 414 GhrelinGoat ,
HIF-2a & FHKFIE

PEBCT i A 4 2R T, BCA 158 5 A
HE TR, A A S BN 7k ( Western Blot, WB)
K& R IBE O, BIk B EH R NC
JiE BSA #1141 h, 705 4°CHFE — Pt i, Pe LR 4
BP0, FWIFT P01 h, PR ERGA I P,
Jinfk2: % ¢ HRP JEE#) , 37 Bl ChemiDoc™ XRS+AY,
1§ R 55 ( Bio-Rad ) B 55445 , {8 FHl Tmage Lab {43t
AR 2 T 53T
1.3 SZit=ah

FIAR B P S AR 22 (& = 5) o, R
SPSS 19. 0 et 3k it 47 3. GeitJr ik s
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), P<0.05 RRZRARENE,P<0.01 FnE
S EAA R

2 &R

2.1 FH#E/NREEMERIETWL
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W, AR Bh/NRFEL . IR HC 41 HE 41 HH 4171
HHE ZH/NEUAE I W& & T C 41 (P< 0.01) ; T
4 JE (M 12 &) HC A% T C 41, HH HE
HHE Z1%¢ HC 21 %3 N R (P< 0.05) . 3G N PEMR SR
S, C2H i R A iR H A R i W
Tk, T AR RERS AL A (8 JATHT) , C AR R
MR H /0 A 10 BT 2 ), C 4k
BEAE T 5 5 £ 45 41, HE  HH F1 HHE 41 %8¢
HC AR M 12 (T4 8, c HigE
fm TR RG240, HE HH F HHE 415 HC 4
B, WK 1,
2.2 FAMRIMF TG, TC, GLU #1 & Ghrelin
K

4 JAFSE RS , HC 414550 R A8 AR 2 35
T C4H(P< 0.05) ;5 HC M I, HE 4 L35 TG .
TC KV TC Pk 2 5, {2 GLU 7K1 & 25 P B AIK
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(P< 0.05) ;HH #H1fiL% TC Fl GLU /K W FK T
HC 4, H TC K-V 2 KT HE 4 (P< 0.05) ; HHE
HIMTE TG /K45 HC B EME2ES , TC K
FART HE 41, GLU /K- (KT HC 1 HE 4 ( P<
0.05) . HH 211 HHE ZH/]N U 45 0048 b TG I 3% 22

A
354 . -C
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0
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& 13) - HHE
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I 1) (F)

Time(weeks)

5o 4 TS, HC 4 MF & Ghrelin 7K P3¢ C 4
T2 S HE 4148 HC 278 8 35 1 22 5+ HH
1 HHE 2/ BUALTE B Ghrelin 5 48 HC 413 1 81
WEM LT, H HHE 4% HE 40 W37 1 JH(P<
0.05),WL3 1,

B
40+ - C
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35+ i
%n - HH
80 e
e ol ~- HHE
E
=
g 254
o8
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15 T T T T T T
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5 1l (F)

Time(weeks)

3 0 BT HC, IE X B4 HE , Ik 3 4852 sh Al HH, IE BEIC A R 7 41 ; HHE B AR 42 shdl
T#/KFE, 5 CHMLIt, " P<0.05, *P< 0.01;5 HC 4AHIL,*P < 0.05,

E1

ANERTE AR B AL

Note. C, the control group. HC, obese control group. HE, obese exercise group. HH, obese hypoxic exposure group.

HHE, obese hypoxic exercise group. The same in the following table and figures. Compared with C group,

“P < 0.05, **P < 0.01. Compared with HC group,*P < 0. 05.

Figure 1 Changes in body weight and food intake in mice

x1

&41/NRUILTE TG\ TC .GLU Fli Ghrelin 7K (n=8)

Table 1 Levels of serum TG, TC, GLU and total Ghrelin in each group of mice(n=28)

ZH 5] Groups TG (mg/dL) TC (mmol/L) GLU (mmol/L) Ghrelin ( mmol/L)
C 0.29 + 0.02 2.03 £ 0.09 8.50 + 0.78 0.31 +0.09
HC 0.34+0.03" 4.54 £ 0.03" 10.22 + 1.77" 0.30 + 0.06
HE 0.33 £ 0.04 4.66 + 0.11 8.25 + 1.33* 0.32+0.11
HH 0.35 £ 0.07 3.98 + 0.30%4 8.06 + 1.29* 0.36 = 0. 15"
HHE 0.33 = 0.08 4.24 + 0.26° 6.38 + 1.72*4 0.40 + 0.21*4

5 CHALE, " P< 0.05; 5 HC 4UAfLL,*P < 0.05; 5 HE 4141k, P < 0.05,
Note. Compared with C group, * P < 0.05. Compared with HC group,*P < 0.05. Compared with HE group,” P < 0. 05.

2.3 T EJ% GHSR #1 5 £H42 Ghrelin mRNA #J%
1EIKF

5 CHM, 12 &R E, HC AT Ak
GHSR F1H 4141 Ghrelin mRNA 33k 7K - #4 1 1 %
FEIK(P< 0.01) ;4 JAT )5, HE Al HH 41 °F g
GHSR mRNA kK4 HC A Bk (1
25 {0 HE 1 HH 218 404! Ghrelin mRNA %
KK HC 41 3 3 T+ (P< 0. 01 3% P< 0.05) ;
HHE 4 F [E/iki GHSR mRNA 357K 4 HC 4H B 3
ETt, B2 Ghrelin mRNA FEik/K 4% HC 4HH:
FEREIN, B HE A W I (P< 0.05 3 P<
0.01), WL 2,
2.4 TERMBALHEARIEKTE

12 JE SRR 32 5, HC 41 F B2 GHSR ANl
NPY HY%E H 25 K8 C 4000 W35 1 2% 5%, HE |
HH 1 HHE 4 F B /iki GHSR 4 (4 2615 /K 48 HC 4
BEHIIN(P< 0.05) ;HE 1 HHE 41~ E:fisi NPY £
HFRIBIKFE HC 41 2 L8 (P< 0.05) (LKAl 3
A,B) ., EREME S HC 4 H 42 Ghrelin , Goat F1
HIF-2a MR R IA K5 C A TE B 3% 2 57
HE 20 % H %! Ghrelin , Goat % HC 20 ZE N ( P<
0.05) ; HH #H B 44 Ghrelin A1 HIF-2a AU 13215
KP4 HC 2H B 0 (P< 0.05) ; HHE 20 B 4141
Ghrelin ,Goat Fil HIF-2a {88 3R IA7K P48 HC 41 i
FERm, B HIF-2a 8 [ R BE & T HE 41(P
< 0.05) (WK 3C,D),
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Figure 2 GHSR mRNA expression in hypothalamic tissues and

Ghrelin mRNA expression in gastric tissues of mice

3 iR

Ghrelin 2 H1 B JIERT AR TP 9 X/ A FEAHMLA A%
F53 ARG 28 A2 FE R B T35 P IR, 28 T Ak
R AR Ghrelin %A H A SHUIE BE
AT RE IR T 12 6

5T R IIEIR R G Ghrelin & B 54K 8 il
Fe . BEREHLAR T ol A E 4L (1) Ghrelin 7K
SHBUT RN AR 45 R BN U A

A

C HC HE HH HHE
Tubulin | e -
GHSR — e N————— —
NPY | o i s

C
C HC HE HH HHE
| ———
Girclin | |
Goat | I ————
HiF-2o |

RAMENRER

Protein relative expression levels

w)

HEEMNRAR

Protein relative expression levels

.5 HC AAHE,*P < 0.05; 5 HE 4AHLE, 2P < 0. 05,

&3

41 Ghrelin Al N = fili GHSR mRNA 7K F- H B i 25k
TR, AR MRS (TG TC 1 GLU) K- B, #F5E
KI, Ghrelin WK H GHSR & 44 75 g £ 6 1) 15
H, Ghrelin-GHSR 3 % A] 38 i i F 57 — W i i 4 2R
H ¥ W% ( adenosine
protein kinase, AMPK) B 21k, LA¥ % AMPK, fi 2,
Pt A SR AL (acetyl-CoA carboxylase , ACC ) B PR
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O B A N IR 3 L B W 1 ( carnitine  palmitoyl
transferase 1, CPT1) 7% 4 84 i DA A2 #F i5 15 R &
6 Ghrelin FIi# NPY #4128 5C T BT R €2 38 1 o
ZEZAK 3 Fil 4 (melanocortin receptor 3/4, MC3/4R) ,
Wi F 3 Ao S 2 3 I L R D A A
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A By Th A, JF T T S B AR A A W R
F MM Ghrelin-GHSR 3 16 4 124 A 1 7
1H] & #5746 T B 0 AR, SR T IE BE LR 2221 Ghrelin-
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PG S KR N1 112215 N e
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Note. Compared with HC group,*P < 0.05. Compared with HE group,” P < 0. 05.

Figure 3 WB results (A, C) and relative amounts (B, D) of hypothalamic and gastric tissue-associated proteins of mice
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