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(# ZE] B HEAERLEEZHFHIK(Ghrelin) 698 PEAR I 2 AU | B 48 48R Ghrelin £ % @ 33 38 ¥ BB B
FAE QBB ( AMPKe, ) 2 H B 455K G 4(Clud) Rk Mk & 8 LB Am KA (CGK) s g6, ik GK
KRBT A 3 4, CK 4 = F IR ( = FIINHEF 4 /&) A= Ghrelin 28 ( 41 R P Ghrelin A EH 4 A), 5
it Wistar K AR, @3 EHEENER R CMABREM; LA %8 A RREAILER R CIESE; GREK
ki it FM B A4 3E 4 (HOMA-IR) ; R A RT-PCR %l ¥ AMPKa, & Gluid A B &k, £R 84 HJ,
5 Wistar 21 % GK 2B 1b 45, Ghrelin 288 FBAK 475K I 45 9 AR 20 (P <0. 05) ; Ghrelin 28 X & 49 HOMA-IR #5 %1%
F GK 28 (P <0.05) ; Ghrelin 28 K & U R 22 AR &S L IA) 44 fn 4 4538 Wistar 2 ; Ghrelin & = ¥ ST g K &
&L AMPKa, 7 Glutd mRNA £k EH A 234 (P <0.05), £518  Ghrelin LA EH 7T M2 B L M08 ks X Rk
BRI, 35 B A Rk KRS IE £ 00 AT IR A s 2 A, LA T AR S ALK AR R B A LA i AMPK
B AR B AR K,
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[ ABSTRACT ] Aim To observe the role of Ghrelin on myocardial metabolism key enzyme AMP-activated protein ki-
nase (AMPK) signaling pathway. Methods Goto-Kakizaki (GK) rats (8-week-old males) were randomly divided into
three groups with 8 rats in each group: GK group, metformin group( received metformin 350 mg/kg) , and Ghrelin group (re-
ceived Ghrelin 200 pg/kg in twice daily). Normal male Wistar kyoto rats (n =8) served as normal controls. ~ Four weeks
later, the effects of Ghrelin on cardiac remodeling were evaluated by echocardiographic, hemody- namicand gene expression
analysis (AMPK, Glut4 mRNA expression) . Results After 4 weeks, compared with Wistar rats and GK group, heart
rate reduced, diastolic, systolic function improved in Ghrelin group (P <0.05) ; HOMA-IR index was lower than the GK rats
in Ghrelin group (P <0.05); Myocardial mitochondria and myocardial microvascular of Ghrelin group rats were close to
Wistar group.  Myocardial AMPKa, , Glut4 mRNA expression levels were significantly increased in Ghrelin group compared
with GK group (P <0.05). Conclusions Intraperitoneal injection of Ghrelin can reduce the spontaneous GK rats insu-
lin resistance, and improve left ventricular diastolic and systolic function.  Its mechanism may be associated with longer-term

increase of AMPK expression of myocardial cell and the promotion of the glucose transporter.
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A —FEEZ IR, B A 28 DRI, 2k
FKILZ L) 3Z K Ghrelin 32 {4 ( growth hor mone
secre-tatogue receptor, GHS-R) [ P i P 4NN
(O E RN A R A T2 1) Ghrelin X HSZ AR5
EA WA Ghrelin ALEAT.CWLEM L EH
e T EL T DL ok T A5 AR RO U
far >, PRI Ghrelin (4.0 IEGR P800 MK 5 L ~F 2
TR BRI, SR Ghrelin AY.OEAR 3808 B8 D15 5 AL
TR . B A WFIHR , Ghrelin T RES 5 T
OB FEURBIFGE R R il o4 e 2
HMIEVE Ghrelin, W] LI 32 0 MR H R 1% 10 25 11 B
( adenosine monophosphate activated protein kinase,
AMPK) 845 HLAAR B9 e AR5 40 K SE AR 9T R
W], Ghrelin AJ LAE 1 0% AMPK B3 1008 A B 2
AIEALRIEL ), B2, Ghrelin 7] -5 40 i AR A9 56
S AMPK A7 5 H VIR AR o AW 5 00 A1 R
Rat-Ghrelin V5 TR BUB I, WLEEH X8 R R B
OISR DI RERI 2N, DTS Ghrelin XF.0 LSS
SCHHET AMPK AHOGAR 7 18 s B DR e Ik i 52 i), AR
K Ghrelin > il RN 7] BE 1943 F L, A Ghrelin
I FH I R B A8 () B AR AR A6 7 #E A5

1 #RFTTE

L1 EEMH

SPF 2% 12 J| % 2 1% 2 LA R GK K F ( Goto-
Kakisaki Wistar rats)24 R #1 SPF 4% 12 & # 4 & Wist-
ar K8 R T il e A 52 5 20 4 A IR 5T (£ 7
(&8I A SCXK(7)2003-0003) , Fr A A R F
EERAFLHE 4 SPF REKELEHK, ET
BRAALEAET, B #ayok, £REHE 18C
~20°C i 60% ~T0% , a4 T 5 4 5 B AL,
H R ENALARA, Ghrelin 1T 5 7 & #1 & A A F 5 p-
AMPK PRt % fe #5325 8 4(Glud) % 0 & 01k B-
actin ¥ 7 % 14K RT-PCR KX 7| & % T E ¥ Sirocco
Pharmaceutic /A F .
1.2 KBSARAETE

GK KB mE AL 3 4.GK 4l B % A&
EWKEER 4 B, —F X4 %A = ¥ XL 350
mg/ (kg + d) ¥ E 4 A ; Ghrelin 41 % /A Rat-Ghrelin
200 pe/ (kg « d) B f=iE 41 4 A, Wistar 41 K R & A
EUGKEE 4,
1.3 MiEshhER

BHK BB EE 8 A ML Rk, 3N
W& B S AKWINE $E EF E 5 ik, RE 20

min J& i % 38 4 38 0 F A0 30 Mok 48 R (SBP) &
FKE(DBP) , A EHEE £ A8 F I, R E 20 min
JE R A0 AR R B (LVESP) A0 % 47 5K
K (LVEDP) DL K 20 % 5 KUK 45 | 4T 5K KR 4
( tdp/dimax) 20 E & A ok EF T REEE
1.4 BREBEMIEIEHAIKE

R A A AR A AL R R M MR (FPG) 5 K
P ok kM 2 B JR B & (FINS), fR B R
Fu45 # (HOMA-IR) 3+ & 5% C#k [ 7] F % : HOMA-
IR = FPG x FIN/22. 5,
1.5 KBROHLAMEREHIMNE

B E ML R B B A SRS R
FrE# O LA YK 1 mm® By /83, BT4% %
REEE R 4C H %,0.1 mol/L PBS 7 4 i
VELARBRIE 2 h, B E LB W E LK, R %, R EAM

O BEV R R, BB i B A R

B, AR THE, Bl EMEN,
1.6 RT-PCR i%ill& AMPKa, & Glui4 ERERIE

B R RME SRR LA A N 1 mg
Trizol & 7| | & % 41 K , &0 7 L3& J&, fl & RNA
B K A8 JR UL IE RNA Ja , B AZ B 1 € LI 43 OD
i, AMPKo, 3| 4 )7 7| & L 3 5'-TTTACCTGGTT-
GACAATCGGAGCTA-3', T J# 5'-AATCGACACTT-
GACCGAGG TCTG-3 '; Glud 3| 4 )7 7 A L i 5'-
ATTGGATCCAGCGGGTCCATCCATGAGT-3', T
5'-AATCTCGTCCTCCACTTTGGCTTAAGCTG-3',
RT-PCR —# 3% K fK & 4 10 x one step RNA PCR
Buffer 2.5 wL,MgCl, 5 nL,DNTP 2.5 L, Rnase In-
hibitor 0. 5 wL,AMV 0.5 pL,Taq 0.5 pL, 222 H
W Hl 0.5 pL, TH# 54 0.5 wL, B-actin k£ T
Bl 4 4 0. SuL, B A ¥ RNA 0.5 pL,RNA free H,0
11 pL, &K% 25 uL, KA 4 % % 50°C 30 min,
94°C 2 min,94°C 30 s,60°C 70 s,72°C ZE f# 90 s,35
ANMEFR G 72°C #E 8 10 min, ¥ 3 F # PCR 47 5
pl 5 B-actin 5 PCR 747 5 pL B4, & 1.5% 3%
JIE A JE i B, vk, 100 V 30 min, UVP %K & 1% £ %
EEM LR, H/B-actin WL AR X HER
f mRNA kX &,
1.7 SGEit=4biE

HERM Uy xs k&, THENBFEHEL
SPSS13.0 438, Xt T IEA 2 % & % Fl 7 % 24
HATLZANE R, T2 FH AR, X/t &
BHTHAE LB FEAPTNEEE NS ESRE
K 4%, LP<0.05HERAKITFENL,
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2 & R

2.1 Ghrelin 3} MR 21 7136 4RR S0
LG 4 JH S, 5 Wistar 20K B H 38, GK 4H KB

F 1. KRR HFIEFR (2 5,n=8)

Table 1. The rat hemodynamic parameters(x +s,n =8)

B0 R  LVEDP Ft & ; i LVESP ., + dp/dtmax [EA%
(P <0.05) ; Ghrelin T-¥i GK K 4 A5 L% LV-
EDP [% 1, LVESP J% + dp/dimax i % 75 (P <
0.05;% 1),

Z W Wistar 24 GK 4 Ghrelin 21 ZHUIRA
LR (/41 335.5+12.3 428.5 +19.5° 375.8 £14. 7" 409.6 +13.8™
LVESP( mmHg) 95.5+7.8 80.6 +8.9" 83.1+9.4" 83.8 £7.2"
LVEDP( mmHg) 5.5+0.3 12.8 £0.9* 7.6 £0.4" 10.1 +£0. 8*
+ dp/dtmax( mmHg/s) 4483 + 196 3236 + 188" 4389 +211*" 3538 £223*
-dp/dtmax( mmHg/s ) 4784 £119 3013 +202° 4005 + 187" 4335 + 158"

aly P<0.05,5 Wistar ZH lb# ;b N P <0. 05,5 GK 4H L% ;¢ N P <0. 05,5 Ghrelin £H 032,

2.2 Ghrelin X PR B ERMISE A M

JT A H &R R K B HOMA-IR 48 #5078 58
55T 1 & AL BT, 0T Wistar 41 KR (P <
0.05) ;5555 4 J& 5, — H OBUIKZL A1 Ghrelin £ K 5
HOMA-IR 85 2T GK 41 (P <0.05) ,{HH
HzZEZERTCREE(P>0.05;81),
2.3 Ghrelin X} K R0 AR Z 300

Wistar 2H K B0 LA SR A4 TE 5 20 L] B ifi
FIEH ; GK AR UL ILAN B P9 A SR B 3 i, O
JLIRL ML L4545 e A 5 Ghrelin 2H A BLC LN A4
Ko WLTEN R A8 48 30 3 5 — FOBUBIAH K B AL 2
i AT 2o A s v A e, o0 AL RD = 0 AL A5 PN R 40 i
ML TR A (K 2) .

80
70 |
60

50- I I I
0

Wistaré’ﬁ GK#A GhrelinZE —FXAKLA

HOMA-IR

1. Ghrelin Xt GK X iR B R IRFTIBEE D afP<
0.05,5 Wistar 4 FL5 ;b 1 P <0.05,5 GK 4l Hb4s,

Figure 1. Effect of Ghrelin on insulin resistance index

2. KR AABREEHI (8000 x )

2.4 Ghrelin X¥i: Al AMPKa, #1 Glut4 mRNA Fix

A

GK £ K Fl.0 L AMPKa, A1 Glut4 ) mRNA %
KL Wistar 4K (P <0.05) ; Ghrelin }2 — HI XL

BRI K Wistar 2 GK 20 Ghrelin 2H 11— F XK

Figure 2. Rats myocardial ultrastructure

P15 K UG HL AMPKa, F1 Glut4 ) mRNA 23k
EAUEM(P <0.05) , JLLL Ghrelin 2015 /50 g 2
(P<0.05;K3),
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<— [ -actin

AMPK

~— Glut4

<— P -actin

B 3. KEO AL AMPKo, #1 Glui4 B mRNA RiZE ]
Wistar 41,2 4 GK 4,3 4 Ghrelin 2,4 i —H XUIKEH .

Figure 3. mRNA expression of myocardial AMPKo, and
Glut4 in each group

K o A 7

AMPK 7E.0 145 28 40 B9VE F D 4F A 2 i 5 |
FENMMER, EE—TRE =RIKEA, H o.B
Fly =AW AR, B4 B AP AE T 2 ~3 Fh
%Fﬁéﬁﬁg‘(al V0 BBy Y Y Ys) ,;H\:LJP a, ¥
B AT T O ME FFIEFIE L . AMPK 2 41 fifd 1
RE AR A IR 32 4%, LA 2 3] A B N 380 B 00 3
B, AMPK 520 8% it i 7 2 A A 11 B A, 0 i
EREREREEIRATER 00 LU i 4
T FILAZ A o e A o i A5 T 2 400 R ORI 38 s, AMPK
VT A B 3 R M) 40 S 09 R iy S a4 o 44
BB R I R S ke A Ak A B 3 T ke
YR, BFFE 20, AMPK 7] it NO, 1 FR B (b il
W Clud $5iz2 DL KR AR A 2 540
s AR

A BT B/ 4 28 R 7 42 2 1 6 50K 4 i Ak
R W T ds N A0 L DY A 2 W G 18 B L R IR
H Glutd JERERS N 25 R 5 R E B2 | A,
Glutd = 35 ¥ /D 5 i 2 0 5 B0™ 5 9 R 5 R K
ol AW, GK 4R B LA IR 1 Glud
ek i B AR T Wistar K B, 050 PR T 8 40 45 i
S RAF 5L TR = S B NG I 1 K T 1w
il Glud FEHFER% 5 GK 4%, Ghrelin 41
KON Glud F& P F 3R B B 340, 2B Ghrelin J&
TN Glurd ()3 T8 38 O L 8 280 b 1
R T o0 3 s 10 WLRE B R, B AR oT 3R

WY, 4 B S PS40 170 F 5D B Iy 1 4 3 Bz 1o i 2 X
R 25 T ET™ L B A 5 89 Glud 5 07 ML
H, AMPK 8 R —AEZ AR H I, Ghre-
lin 7] BE 3 & B % AMPK | 8 Glud &3k s {2 #F
Glutd A0 05 1 5 R HCPT, 48 =00 LA 260 W H L
PN TTTSE  2 B PR O WILET 45 D1 fig , & #5000 1 45
PR30

S5 e B R OBUNAE hy 5 — A T, —
WU AMPK #4005 7], AT 52 s AL T e 5 2 1) Al ek
PEBCE N B D) Re R IV ) ) R G I R G
Ffa ) SR 45 R B, Ghrelin 5 — FF UMK [H]
FERTLAFE A AMPK & Glutd f)235 , {2 Ghrelin 7£ 2
BB 75 A4 55 8 2 T g | .0 LI R
IV fiff Jike B 28 NPT 45 Jr 10X AL A4 199 1 1 2 6 R0
T = HRUIC, H 0 — 20 A5 5 UL A e A
i,

25 LRk, ARSLEGHRT T Ghrelin 7ERE AR
T A T, IR0 25 B 5 HEAE A DR U 178 O e
Az R R I VE FH R A KL, 56 F Ghrelin X 5 25 1%
3z 1) H TR PN A i R L SRk, B —
FEMIBHE . Ghrelin 7E 00 148 6 P AH OC B, 55
RO M PR L T REAEE B VIR R B AR 2
RABSE
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