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KA MR 3% SR F KA A s 84 R 20 B A R 2 R IE4t ghrelin (100 pg/kg), 4 4: 4 A, vA Ak 4 Mi-ghrelin 48, 5F L
F R IEST AR K6 ML K RAEA MI- A28 R4, e bR S MK R ACE TR ial H PR EHIL; ERRSIF A
A-E(IL)-1B M 9E 3L B F -o(TNF-a) 2L R 2B & & B5(MMP)-2 MMP-9 mRNA #= & & # &K ; 48 50324 70 L2 i 64 8 o1 AL
£5 R : Ghrelin 7T 4%.8 JURR 585 69 ML X R AR 45 42 5 20 (FS) £ £ W E R K A F ¥ 2 F T B(dP/dtmax) , Je & B B A 27t &,
¥ e fo 473Kk KX E(LVEDP), £ £l % K W #2(LVESD). £ % 477K X #41 1 42(LVEDD) A% 5 21 5 L 2m 8L ) = 46 40 B & 1K, 3k
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K518 : Ghrelin; S LI 5L ; @K -18; W BIRE R F -a; KR & B E O -2, X F4/5%E a8 -9

RESEE:Q95-3;R542.22 THfHRIAAY:A X EHES:1673-6273(2014)32-6237-05

Effects and Mechanisms of Ghrelin on the Myocardial Remodeling and

Cardiac Function after Infarction*
ZHANG Jun", WANG Qiao-ling', GUO Fei-fei', SUN Xiang-rong', HAN Xiao-hua', GONG Yan-ling’, LIU Hong’,
YANG Nar'', XU Luo*
(1 Dept. of Pathophysiology, Medical College of Qingdao University, Qingdao, Shandong, 266021, China;
2 Heze Municipal Hospital, Heze, Shandong, 274031, China; 3 College of Chemical Engineering, Qingdao University of Science and
Technology, Qingdao, Shandong, 266042, China; 4 Qingdao Municipal Hospital, Qingdao, Shandong, 266011, China)

ABSTRACT Objective: To study the effects of ghrelin on the heart function and myocardial remodeling of myocardial infarction
rats, and discuss the mechanisms of ghrelin on myocardial protection. Methods: Ligation of a coronary artery was used to create a rat
model of MIL. In MI-ghrelin group, ghrelin (100pg/kg) was injected twice a day for 4 weeks; while saline was injected in the rats of
Ml-saline group. The following items were examined: the remodeling of left ventricle and hemodynamics, mRNA and protein levels of
interleukin (IL)-1b, tumor necrosis factor-a (TNF-a), matrix metalloproteinase (MMP)-2 and MMP-9 in non-infarcted myocardium, and
the apoptosis of the cardiomyocytes in the infarcted border. Results: Compared with sham group, ghrelin administration significantly
decreased the left ventricular (LV) remodeling of post-MI rats, as indicated by increased LV maximum rate of pressure, LV fractional
shortening and scar thickness; and decreased LV end-diastolic pressure, LV end-systolic diameter, LV end-diastolic diameter and
cardiocytocytes apoptosis. Moreover, ghrelin inhibited the inflammatory response, as shown by decreased mRNA and protein levels of
interleukin (IL)-1band tumor necrosis factor-a (TNF-a). Subsequently, the expression of matrix metalloproteinase (MMP)-2 and MMP-9
were also inhibited by ghrelin injection. Conclusion: Ghrelin alleviated LV dysfunction and ventricular remodeling of post-MI rats, which
might be contributed by the inflamination-inhibiting effect of ghrelin.
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- 1.5 Br& -18(IL-18)Fn B IR T B F -o(TNF-o) & B 7K F#Y
=

SME O ST SRR 2 Ik 2 RR e PEBR BT 5 | S Y
O UIRFE I PR 22 3 30k J BT 5 A PO ) 2 L R R
THIRTRZE 25 N BESE S , A1 I3 O UGS P = Sk AT
PR L BB, AT IR RO B AR el ) s S R
fire PR ARG A R ILEE,

OUEFE (myocardial infarction, MI) J& i U 420 28 (left
ventricular, LV)JEATH:Y" 5k , #M.C UBESK 7 75, e A S 800
J1EE . WIPGIEM A2 (interleukin, IL)-1B F1fifsg SR 3L+
-au(tumor necrosis factor, TNF-o0)%5: 22 T/ 48 i 41 it X - 247 ] 2
SR, IR kA AR R R P AR, X
LB G R 5 RO WUIE R AR E AR T, i O UL s
TR RAER FREEARAE AT LT & R AR G (matrix met-
alloproteinases, MMPs), 5 |28 JE 2 TR , TS EBCONED 5k,
S L IR,

Ghrelin J&—Fpi B AR KR BEUK, 2R KR
IWZE SZ 1R (growth hormone secretagogue receptor, GHSR) 1) Py i
PERC A, WP R ghrelin £ ZhH5A R Ko AR I#R AT & 440 L
PRAPPE IR, KRB MIAE R ghrelin W] W 2 19580 LI BE
HRAEREFEIX. LV LR, il LV §75KM, it ghrelin T4
N T 4 b 47 S8 RE A A IR 1) 22381, TNF-oc 7 | 6 9 4 5]+
RO N Bz 4 Hfa rh NF-kB B930E 1 A58 B EAGT ghrelin
Xt AIVEE BRI O WLEE 98 B0 IE ) i 132 1 K T REATL A
1 Bk %

L1 DAAESE K RARE A 38 3T

TEPE 10 JH ikt SD KB, 28 Pleffer 55 SCRRHIME MI
BRI 7 R MR T 3 %% B FE 2284 (30 mg/ke) JRR e
B, W ZE MR (] VIR | 2 5500 OE , MR BT T S5 4L 22 5 R Bk
HikESC (LAD), T AR K BRALUI M B S0, (HANESHL
LAD,

1.2 Ghrelin BI48Z5 F53%

MI KBRSy 7 KRG, #2014 ghrelin 4 J& (100
pe/ke, B H 2 ¥k, Alexis 23], 25 ), LLAEBEER K ME ) BR2H .
BT ARLHMRIFE S ghrelin 4 J
1.3 BF OB RMERHFENE

Tt ghrelin BiSATRE A ORI . 6 S G L 2
FNAR BE IR BR , 2 3 4R ST RO0LII AN M 3B ERid 5% LV iR
WM (LVESD) K &7 ik R N AR (LVEDD),, LV 5 1l 53 %50
41°F : (LVEDD-LVESD)/LVEDDx 100%., S454 A 45 itk 3k
WM F127, #EA LV g5 LV 48 R (LVSP) LV §F3k K
WIFE(LVEDP) LV J& J1 s K72 b2 (dP/dt),

1.4 @ NAESE E AR FOAE IE B2 /2 T AU A0 U

L3 Bl 72 5, OO, 43850 o MG % L LV 7E
10 %R /R A B A A, 5 wm Y AT B =6
(Masson's trichrome)4e . B FEZE 0 k35 B DU 5k 1) i)
FEFC T AR AR PR RE I 1, BB T FRFH AR AT R 1 2 T AR o A
LV KA LR, T IR X 3R B R ITAG R A
REJZRE

gl

JH ELISA 00l i J 48 3E /2 % BE IL-1B il TNF-o 12 14
K, BRI & Ui . BT A ARSI & 3 0k BCTEY
ffo fe/ MU IL-18<3 pg/ml, TNF-a<0.1 pg/ml, ELISA ix
| & E 35 [# Biosource /A,
1.6 RT-PCR

JEATIE A % BE 4R EUE RNA, ] cDNA #5538 T H¥% 1 g
i RNA % 3% 1i cDNA, ] ABI Prism 7000 i & R 334 & Ak
DI ZF I 1% cDNA:94C 10min,#R)5 94 C 105,57 C 305,45
AMEIR. B~ PCR AR & 3 K, BOF4(E » 22K mRNA /KF
22T FoR . B G P s L3 1,

% | EE RT-PCR 3|#1 5%

Table 1 The sequence of primers used in the real-time PCR assays

Gene Name
Gene Name Primers Sequence
L1 Forward:5'-GGGATGATGACGACCTGC-3'
Reverse:5-CCACTTGTTGGCTTATGTT-3'
TNF-a Forward:5'-GCCACCACGCTCTTCTGTC-3'
Reverse:5-GCTACGGGCTTGTCACTCG-3'
MMP-2 Forward:5-GGAAGCATCAAATCGGACTG-3'
Reverse:5'-CACCCTCTTAAATCTGAAATCACC-3'
MMP-9 Forward:5-AAGGATGGTCTACTGGCACA-3'
Reverse:5-TTGCGTTTCCAAAGTAAGTG-3'
GAPDH Forward:5-GCAAGTTCAACGGCACAG-3'

Reverse:5-CATTTGATGTTAGCGGGAT-3'

1.7 Western blot

PRSI ZU 30 wg B AT, 12%R N IR BERGEE
WA B RIG R BIRE IR AT A ZE T 1. B PR (T-TBS 1 5%
JBRE 415 0.05%IRA WO AR R 25 G i ed 1 h, BEAE—
HL(H MMP-2 FI MMP-9, 1:1000, Beyotime 4\ & Fl#i; GAPDH,
1:2000, Abcam 23 7)) HiE R , 4 C I B o BRI LW AR ICHT
% 1gG(1:1500, Beyotime A FD/E N —Hi E IR T E 1 h, G4
3~5 MM HEAT Western E1iE 4347, ECL 77 &% H Beyotime 2
], Bio-Rad {4 & 4t(Hercules 2\ &)/ EC K&
1.8 TUNEL 4347

AR 3t [ S S A il dUTP i K 47 12 (TUNEL) U 2 4 1
O WLAT R, 7 2 B4 4% TUNEL %7 & (Roche 2\ &) ) #fE
WA T o AR R SRS T IE S8 , A 3, 5 wm ) A, 400% (7
BT WEE o FERFEAL JE] Bl X BB L ER 20 A4 F 500 L
M T4
1.9 Gt o

B B4 ] meant S.D.3%7%, WiZH 1] LA R t 4656,
Z2 4 [A] LR FHE IR 2207 2543 0, B2 ] 22 57 oR ) N-K A
Ph P<0.05 h 2R A G Lo

2 #R

2.1 Ghrelin 33O AAETE K RIFEZE MM
BFERH 15 AR, 1 RERE 1 KIET:, 14 HAFEO3
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%) 50 R FUAT LAD 253,16 HAEg54L)5 7 KIET-(32 %), H

4% 34 HBEHL i Ml-ghrelin 20 (n=17) Fi1 MI- A= B £h 7K 4

0=17), MI- £ HEIKHARBRWIET-HE (5 HILT:,29 %) 5

MI-ghrelin 44(2 HAET:, 12 %) AT i 525 H(P>0.05).,

2.2 Ghrelin 30 AESE X R IMF S 12250 LV EE T
S5EFARHHM L, MI- 4= B ER K 4 () FS(t=12.28,P<0.05)

M1 dP/dtmax (t=6.29,P<0.05) #J & % F [% , LVEDP (t=2.26,
P<0.05) . LVESD (t=10.41,P<0.05) . LVEDD (t=11.32,P<0.05) i,
FTHE . i MI- AR BEER K ZHAH [E , MI-ghrelin 2 FS(t=13.24,
P<0.05) il dP/dtmax (t=3.45,P<0.05) & % F} & ,LVEDP (t=3.22,
P<0.05) .LVESD (t=6.47,P<0.05) .LVEDD (t=4.04, P<0.05) i},
FEAR (L 2),

x2 FHXRMREFHNEM LV BEERHLE

Table 2 Comparison of the haemodynamics and left ventricular remodeling after myocardial infarction among different groups

Sham group Ml-saline group MI-ghrelin group
(n=14) (n=12) (n=15)
Hemodynamic data
Heart rate(beats/min) 398+ 25 413+ 27 407+ 21
End-systolic pressure(mmHg) 108.7+ 5.7 85.4% 6.6* 87.8+ 7.2*
End-diastolic pressure(mmHg) 6.1 1.8 18.1% 4.4* 12.8+ 2.9*"
dP/dtmax (mmHg/s) 5302+ 565 3601+ 673* 4596+ 645*"
Echocardiographic data
End-diastloic dimension(mm) 334+ 0.23 5.02+ 0.43* 421+ 0.49%*
End-systolic dimension(mm) 2.46x 0.31 4.33%+ 0.5* 3.14% 0.31*
Fractional shortening(%) 26.3+ 3.2 13.7¢ 1.1* 25.4+ 2.7*
Histomorphometric data
Infarct size(%) - 41.58+ 3.35 38.20% 4.17
Scar thickness(mm) — 0.37+ 0.02 0.51% 0.02*

Notes:*¥P<0.05 vs. sham group, "P<0.05 vs. MI-saline group.

2.3 Ghrelin 308 32 X B0 BILAE SE T AR B9 22 01
MiI-ghrelin £ 5 MI- A= #1Eh 7K 240 < B OB E T FR EL st

6 i 2 1 2% 57 (12,03 ,P=0.056) ; {H MI-ghrelin bl ZH 5 SERE 1)
JRRERE MI- A BHER /K 2 22 (616,02, P<0.0S)(WL.2 2 ] 1),

1 E5t ghrelind B REL DA DA =BEEFERRA | mm)

Fig. 1 Masson’s trichrome staining of the infarcted myocardium 4 weeks after treatment (scale bar = 1 mm)

2.4 Ghrelin 3048 58 K BR3¢ i B F 3R 35 B 22 P

ELISA Rl 25 R W oR : BT AL KA L, MI- £ ik
7K 4l K R AEREAE 2258 BE TL-1B(t=5.18 ,P< 0.05)H TNF-au(t=10.
33,P<0.05)/K 5. F T , 1 MI-ghrelin 25 X B, IL-18(t=3.53,
P < 0.05)H1 TNF-a(t=5.75,P < 0.05)7K -4 MI- 4 B Eh 7k 20
FEAK, RT-PCR &5 0IR : ST ARG L, MI- A4 B K 4
F B LV JEMI5E 0 L IL-18 mRNA (t=20.87,P< 0.05)H1 TNF-o
mRNA(t=24.05,P< 0.05)335 5 .18, 1] ghrelin A] i 3 (%
Ik MI KB FHE 9 IL-18 mRNA(t=5.43 ,P< 0.05)F1 TNF-o mR-
NA(t=7.8,P< 0.05)7KFE(.3 3).

% 3 Ghrelin 330 AIAETE K FRACAE Bl F Fik MR (pe/mg, xE 5)
Table 3 The effect of ghrelin on the expression of inflammatory

factors of rats with MI(pg/mg, x+ s)

Sham group  Ml-saline group ~ MI-ghrelin group
(n=14) (n=12) (n=15)
IL-18 11.5% 2.1 19.2+ 4.2% 13.8+ 2.4%
TNF-a 19.5% 2.2 33+ 3.5% 23.6+ 3.8*
IL-18 mRNA 1.5+ 0.02 18+ 2.5% 12.5% 2.0%
TNF-a mRNA 1.3+ 0.02 22.6+ 2.8%* 13.5% 2.4

Notes:*P<0.05 vs. sham group, "P<0.05 vs. MI-saline group.
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2.5 Ghrelin 30 BLAESE A R MMP-2 1 MMP-9 % B3 i
MMP-2 F1 MMP-9 7£.0> JILEESE J5 41 i 40 36 o 5 98 vh R 4
HEER, ikt—E4R &R ghrelin 3.0 JLE I8 520, R F5E 45
Br1 ghrelin X} MI K ERAEAEBE 0 (ILAL 2L MMP-2 1 MMP-9
FIRME . SRR, SERTFARLHM I, MI- A8 KHH
MMP-2 mRNA (t=15.02,P<0.05) 1 MMP-9 mRNA (t=16.75,
P<0.05)3K k¥ i F T+ , 17 ghrelin J) w] i 2 REAR MI K ELAY
MMP-2 mRNA (t=6.23,P < 0.05) Fil MMP-9 mRNA (t=5.65,P <
0.05)F 3k, B E AT 5 mRNA AHPIUILER 4),

% 4 Ghrelin 30 A48 2 A R MMP-2 1 MMP-9 RiZR)
M (pg/mg, Xt s)
Table 4 The effect of ghrelin on the expression of MMP-2 and
MMP-9 of rats with MI(pg/mg, x+ s)

Sham-operated Ml-saline MI-ghrelin

(n=14) (n=12) (n=15)

MMP-2 mRNA 1.5+ 0.03 7.5 1.5% 4.2+ 1.2%
MMP-9 mRNA 1.6+ 0.02 7.4+ 1.3* 4.9+ 1.0%
MMP-2 protein 021 0.1 0.62+ 0.12* 0.43+ 0.11**
MMP-9 protein 0.25+ 0.08 0.57+ 0.09* 0.37% 0.10**

Notes:*P<0.05 vs. sham group. “P<0.05 vs. MI-saline group.

2.6 Ghrelin 330 ALAEZE A RO LA T HIRZ I
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Fig. 2 TUNEL analysis of cardiomyocytes apoptosis. Apoptosis nuclei

were stained brown

% 5 Ghrelin 30 AUEZE K RO ALA T B NE(%, Xt 5)
Table 5 The effect of ghrelin on the apoptosis index of rats with MI

Sham-operated Ml-saline MI-ghrelin
(n=14) (n=12) (n=15)
Apoptosis index 0.78+ 0.29 6.1+ 1.21 1.97+ 091*

Notes: * P<0.05 vs. MI-saline group.
3 ik

WFFTIEN], ML 7 K5 1325 ghrelin 7T & 25 B3O LM )
J1% B8 X AT RO B IR AR RO =Y TR
LA T8> IR JEEERG N . CHF K B4 ghrelin 2i3%
OV S5 98 9 AT A B - BN 32 B 4 B 2 1 1l MMIP-2 il
MMP-9 KW H K

WEAERYBFIE R ghrelin ELA.O ISR TERT, (H2HE
HLE AN A . Nagaya 545 ¥ 4ftiH ghrelin 7] 7= CHF KR
GH Fpe iy RAE KA T -1(IGF-1)K-F, &7 ghrelin 7] fig i i
GH SO UL FEVE o ARBFRE S5 R R ghrelin AT 41 98 55 41 i
L o 4 B 2R A G M o AR SR R AR AN i 2 50
FE IR, CHF JE s #2H IL-18 I TNF-o 3§ £¥1, TNF i %1k
FI/NEL LV 975K, i@ f1 TNF 3597 al LR R, H R0+
AL AT % NF-kB, NF-kB [ i et ] 3540 4 i B o BEL
NF-«B 7] 03,0 LB g, f IR AE J5 O LR 2800, fRii o4
7~ ghrelin B 410461 APy B2 400 TNF-or, 5|58 40 j9 R 1 B ik M
NF-«B #15", AWFFEIER ghrelin 5 30 2otk IUESE S 4
RE RN, 7R ghrelin S0 M R G0 —FhHi 4 T (HAZHXT
BFEARAKBREBEATER . B2, ghrelin A fE7EE EIE R H
e R HEVER MR T GH BRI , (H 3R W AUE 75 3 —
pAZL gt

5 MI A= B ER K 4040 L, ghrelin 40 7] & 32 |4 ik LVEDP
LVEDD #1 LVESD, ifii dP/dt #l FS .3 T} , (H B4 4] LVESP
FEIEHA IO AR . Z A5 COUESE IS 55K R 5 B (ACE)
TR FN M4 ok EE 324k 1 A7 (ARB) AT MI J5 .00 WL
T, (H AR DFEAE AR, Ghrelin X MI 5.0 YT 8 AYER
L S5HIFEI T, H9c2 Al N3k ghrelin 5Z{&, ghrelin A]
38 2 O A ML AME S R DG TR (ERK) 172 1 Akt SR 4 .0
ALAH I T2, ARG A & 1 ghrelin AT .0 ALANRIA -0 MI
ghrelin b BER FRARAE X A0 M 8 T- I 6 AR LV DIRE s , $2m
D ALANE A T-AE AN o0 2 TR D WL BERA B 24 H . Ghrelin
LV 475K, 300 MR R R, HE A LR 28 b R T L
FEE AR AT RETE SCH

24t 0 DR %ot UL 38 194 4 P AT e AR % 44t i o 22 o )
M, RAENMLR F IL-18 Al TNF-o AT 3% MMPY! Ik o0
ML TNF-o 33t BEFRIEFTEC LV 473K , MMP )il 50 w540 X — 1
FHU PR AN M R X B I M EE AR, IL-18 Al TNF-a
A MMP 3% 1R, #04] NF-«B 7] i HLF# K09, $2 77 NF-«B
A REA T MMP %Kik, ASSCEG & I ghrelin W] B ARAS 5600 1L
IL-18 Ml TNF-o /K7, {H %4 il & NF-xB 3%, Ghrelin %t
MMP YR AT RES2E R 4l 742 4% K+ F NF-kB (9307

MMP-2 il MMP-9 AR LV F I 19, MI R B
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BIrh PR MMP sl X HEDTBREE R S LV BEAS A 5K
A 0, ARBFSE R 5 T ARG e MLS LR MMP-2 F
MMP-9 K. 53 T 8, 5 8 52 WP M 3801 ) MMIP-2
FI MMP-9 3 V5T R AT

AFETE I 410 ) 98 0 S 07 ARV o 4 Jg A 1 S 14 7T BB 23 S 2%

E . AT MLG — 84 ghrelin, 5.0 %3 5K

XK, JRIR R BRI, B A A X IR E ¥E . MMP 6 PE7ERESE)S

IR R A OCHEAE ), P2 1) MMP 3 M A 67 O LR 98 Y —

AN B A, ghrelin AT RE RSO —RIIAYT 0 5 455 R 7 o

B, 2 NSRS CHF KR ST ghrelin AT 4005
A, e DAL RE, 1M ghrelin @9.C LGS 7E A AT -5 HApi R
YERIA o
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