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ABSTRACT Objective: Chronic heart failure (CHF) patients in end-stage often appear left ventricular (LV) remodeling and cardiac
cachexia. It is reported that ghrelin had protecting effect on CHF LV function and energy metabolism. The purpose of this study is to
explore the effects of ghrelin on LV dysfunction and cardiac cachexia in CHF rats. Methods: Ligation of the left coronary artery or sham
operation was performed; 4 weeks after surgery, ghrelin (100 mg/kg SC BID) or saline was administered for 3 weeks. Echocardiography
and cardiac catheterization were performed. Results: Serum GH and insulin-like growth factor-1 were significantly higher in both CHF
and sham rats treated with ghrelin than in those given placebo (P<0.05 for both). CHF rats given placebo showed an impaired increase in
body weight compared with sham rats given placebo (P<0.05). CHF rats treated with ghrelin, however, showed a significantly greater
increase in body weight than those given placebo ( 110 % versus 13 %, P<0.05). They showed significantly higher cardiac output (P<0.
05) and LV dP/dtmax (P<0.05) than CHF rats given placebo. Ghrelin increased diastolic thickness of the noninfarcted posterior wall,
inhibited LV enlargement, and increased LV fractional shortening in CHF rats. Conclusion: Chronic administration of ghrelin can
improve LV dysfunction and slow down the development of LV remodeling and cardiac cachexia in rats with CHF. Ghrelin is expected
to become a new method for the treatment of CHF.

Key words: Chronic heart failure; Ghrelin; Left ventricular dysfunction

Chinese Library Classification(CLC): Q95-3; R541.61 Document code: A

Article ID: 1673-6273(2014)31-6022-06

* FEAIH . EE A RREREAIH (310710145 811002605 81270460 ;81300281 )5 111 444 B2 25 T/ERIHL K HRIT H (2013WS0263 ) 5
SRR H (13-1-4-170-jch)
YEZ Wi E#(1984-), 5 B 055k, EIREIN, FEHFFT R DR F PR HEET , 1% 0532-82991713, E-mail: 279973738@qq.com
ASEIRVES  #8:3% , E-mail: xu.luo@163.com
(Wichs H 397:2014-03-19 4552 H 18]: 2014-04-15)



REYES#HE www.shengwuyixue.com Progress in Modern Biomedicine Vol14 NO.31 NOV.2014

£ 6023 -

22

Al S

TEME M0 75598 (CHF g N AR Be s R AE A2 T
SRR WP G B 1, A K 3R (GH) MRS AR AE KT 1
(IGF-1)5¢ 8 % AL WU B K R BE QA BRI,
55 F AL T GH Xt CHF Jig A 1.0 2544 R BE 7= A 4 FIAE
FHS A 8 0 GH BASTRIE FH™, CHF S 5 A4 I
1 GH 8400, 1M IGF-1 7K AR gl /D, 5046 % 313 B
GH/IGF-1 i 6 5 22 % D e 2 GL AR B T 1A 56 o

Ghrelin 2 M\ 5 4385 1K1 GH BEBUIK, /& GH 243 3
ST P PRI ARD GH/IGE-1 %5 L7 30 727 G AR i 1
F, PHAEN Ghrelin 7] g8 f GH ARHiHLHI X CHF LV D)5
g A= A=A FIVE . [RIFE Y, Ghrelin 7] 38 i GH it
ML= Az B RO IS R E o Ghrelin 37 {4 (GHS-R ) mR-
NA RAUAFEAE T8 Fe i F0ai 44, 760 JE R I 45 47 72 ™,
GHS-R [0 AT LA B 1 AR D11 ik R B AL A e o, 7088 46 4
04 i ki 55 Ghrelin 7] i B 25 2h DK AR RAIG , (ot 8 om0,
Ghrelin 313 {2 #E7E USR] SELRENS, x4k % Bl | Ghre-
lin X CHF S 57 A= 45 1 F A T REYE

A5 AL 57 CHF K FURERY , K2 R EST ghrelin 45 7
12, 5t Ghrelin XF CHF KBl LV I AEZE LA Y 20 I3 )
YEHT, A CHF H93RY7 3 BERT B9 J7 1)

1 BERAI T i
1.1 CHF =237

M 3k 2 5B B Ik 4 FLAR 3 M EE 200 F) 240 g i) M
Wistar C Fl O VRSN, S AL K SR A 7B - AR AL 8 B3R T I
FILCIE 22 B AAAS A TSR SRS FLAR o A7 36 1 K B E
Ko TEARBIIKGEFLAG 48 h FET- RS 33 %, 4 2RS0T 2
15 %, FARJG 4 8,31 ALK BB R 2 41, 45T Ghrelin
(n=16)s L (n=15)3 J&l, [FFER, 26 HEFARKREEHLA T
Ghrelin(n =13)8{ 4 &5 (n=13),

1.2 Ghrelin F3=

FARIGIUE, 4 CHF KEFMSEF AR KB TS Ghre-
lin B A= FHERK
1.3 BEOshERR

25T Ghrelin Fi 45T 3 JA G AR A TG KA
1.4 MRz HEHR

TEH Ghrelin S22 FIGYT 3 JEE #4703 30 1240
PG AR, PSS 205 S840 A IR a sh koA 0
o MHLEH 1475 A0 3% B S A R A% SR Wl K T
HSFERALLLE, MO

e 525 B sl ikd L GH A IGF-1, Jil & LV
FEBE IR B0, A 2228 B A 1 AR >25% A K U S AR U AT
FERY CHF A5E70 0 FHE Rz AL A o, el iR 0 el e HL AR
WY, AITAL 4 40025 LRI BE AR R () LR (n=5 / A1),

1.5 HAFHRE

LV DAL 10 %H [ E o 435I 4 45 B0 R BRAE L

#(n =5 each), BUA Z I8 G0 (LAY =S BE BT 1T, ARSI 46 D1

AT AL S AT G R PP A TLAE K, B 2R = A PTAl 1] 5
41k, F 400 R AR VI i WLEF 4 AR Y, PAN AR
I 40 S40H0 . BURE ORI 3 ASB I And- Ui 20
APUET 5 PR & U BSR4 T 23 1T
1.6 BEMNE

M3 GH B e i 2 G e o 3% 1GF-1 F i Sz
RF S E
1.7 Ghrelin #9204z 1#1ER

AR FARA K, CHF K, B RMER TR R, GH 33
HRBAR BRI 4 Ghrelin 5L B Sod i i 3h 1 2% 202 (n
=5/ 4H).
1.8 Bk AR FETh Bk

308 3 P D T A A TE B R BRI LV 43 B3 HE i WL 4T
(n=6) LI Ghrelin .0 WLAN AR & A4 HHAEH ™, M
CHF K EURSZEG M LV KI5 B O LA, 4252 3 JA
Ghrelin 32 B H16 97 LA Ghrelin .0 UL 45 2 B 148 44
YEF . Ffs i CCD MIMLAE 4 ms T — O ILE0 M Ao e 1,
NIH EUGER b 58, AL 0.5 Hz, 7 ms ikl
1.9 Gt o

B B3 F meant S.D.RIR , ZREAIRU) LR A
27 Z W (ANOVA), AR A B8 EL AR F t K6, P<
0.05 WERA G #E Lo

2 #R

2.1 Ghrelin 3 4K I BEFE BRI R

WA CHF A sp 3 K AR R SEE L, i 2 A1
PIMFE T BURARRIAY (1), 5 HZ R (Placebo )IAYTAHHLL,
I Ghrelin j4¥7 19 CHF 44 F1 % F- R4 1M GH #l IGF-1 7K -
A S 3 0(=1.49,t=0.71,P<0.05, Figure 1), 5 Sham-Placebo 24
A H, CHF-Placebo 21 K B4 T §4(t=2.18,,P<0.05, & 2), #&
1Mi, 5 CHF-Placebo #f I , CHF-Ghrelin £H {4< 5 3 /il 07 B i (t=3.
89,P<0.05), 5 FHZLEFAITHLL T Ghrelin J&¥7 R IR B JE
B 3 (=3.21,1=2.90,P<0.05 (3 1), 5 Sham-Placebo ZH Af
L., Sham-Ghrelin 2 LV T & / 345K B B 5 38 )11 (=3 .46 , P<0.
05), 5 CHF-Placebo 414l , CHF-Ghrelin 4] RV #i& / R K
BB R AR (t=5.47,P<0.05), 1 Sham-Placebo £ #H It ,
CHF-Placebo AN E R S5 KEMLL, NREDSES
JR R B 0 L ) R (69.19,+510.75,P<0.05), K HITE
CHF 5B 7 i B . SR, S48 T LRI L, F Ghrelin
1RYT I CHF 20K B TTHRARAR 2 5 i
2.2 Ghrelin 33 37 3h = H1EA

£ CHF-Placebo Z{#f [t , CHF-Ghrelin, K FlL.0 2%, 3 8 fik
JE A Dz R TR A0 B E B AR R 1K (=2.09, t=0.62, t=2.42
t=2.14,P>0.05), HX QA LEITEBE XL (£2. 5
CHF-Placebo 20 #H Ft. , CHF-Ghrelin 41.0> % # , LV dP/dt max
B 1 (t=2.40, t=2.62, P<0.05) (I8 3), 1M LV 73k AK M %,
LV dP/dtmin, 4> £ 1fiL 45 B #5058 B AR (6=3.40, =2.20,t=4.22,,
P<0.05) (3 2, & 3).
2.3 Ghrelin ¥} LV FZSThEERI M0



+ 6024 - IREYESHE  www.shengwuyixue.com Progressin Modern Biomedicine Voll4 NO.31 NOV.2014

® 1 ZHYHFEGx+ SD)
Table 1 Characterization of the Animals(x+ SD)

Sham-Placebo Sham-Ghrelin CHF-Placebo CHF-Ghrelin
(n=13) (n=13) (n=15) (n=16)
Infarct size, %
) 37t 6 36+ 7
Body weight, g
Baseline
285+ 12 291+ 17 241+ 24* 245+ 23*
After treatment
- 315+ 13+ 338+ 16+# 249+ 33* 270+ 32*+%
Tibial length, mm
409+ 1.3 42.6x 1.4+ 403+ 1.9 42.3+ 2.07
LV wt/body wt, g/kg
1.80% 0.10 1.94% 0.09 223+ 0.15 2.28% 0.25
RV wt/body wt, g/kg
0.54+ 0.05 0.56x 0.06 1.47+ 0.32* 0.96+ 0.31%%
RV wt/tibial length, mg/mm
4.2+ 04 4.5+ 0.6 8.9+ 1.5% 6.0+ 1.5%%
Gastrocnemius muscle
41+ 1 43+ 2 28+ 5% 35+ 4%+
wt/tbial length, mg/mm
Gastrocnemius muscle
6.8+ 0.2 7.3 0.3 4.5+ 0.8* 5.7+ 0.4%*%
protein/tibial length, mg/mm
i 5/FAREMLL, *P<0.05; 5LEFIEMLL, + P<0.05; SEEKAMLL, 1P<0.05,
Notes: ¥*P<0.05 vs respective sham group; 1 P<0.05 vs respective placebo group; i P<0.05 vs baseline.
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1 Ghrelin ¥t M3% GH #1 IGF-1 7K E 0
Fig. 1 The effect of ghrelin on circulating GH and IGF-1
iE:(A)ghrelin 33132 GH 7K F 8201 ; ( B )ghrelin XF 3% IGF-1 7k FE#ME, SZ&EFIAMELL, *P<0.05,

Notes:( A )The effect of ghrelin on circulating GH; (B) The effect of ghrelin on circulating IGF-1. *P<0.05 vs respective placebo group.
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2 Ghrelin %} CHF f1{EFARAKXREEZNT
Fig. 2 Effects of ghrelin on relative changes in body weight in CHF and sham rats
E: SREFIAME, + P<0.05; 5BFARAMLL, *P<0.05,
Notes:*P<0.05 vs sham group; $P<0.05 vs placebo group.
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% 2 Ghrelin 3¢ f13% 30 S A9 E (xt SD)
Table 2 Effects of Ghrelin on Hemodynamic Parameters(xx SD)

©)

3 placebo
EZ Ghrelin

SVR (mmHg/s)

3 Ghrelin ¥f CHF F{BF RE K MRS 15200
Fig. 3 Effects of ghrelin on hemodynamic parameters in CHF and sham
rats
F:(A)ICORKRDHEE; (B)&EX dp/dt; (C)MEES. 5SBRFRA
L, *P<0.05; SR EFIEHLL, 1P<0.05,
(A) CO indicates cardiac output; (B) Max dp/dt; (C) systemic vascular
resistance. *P<0.05 vs sham group; 7P<0.05 vs placebo group.

Ghrelin 897 J5 , CHF-Ghrelin 2 11 Sham-Ghrelin 2 < i
AEBEBE 5 BE A EF 7 R S B2 B 3 (=273 ,1=2.84 , P<0.05)([&]
4). CHF-Ghrelin £ K Bl LV &F 5Kk R ) 9 42 ol 2>, i
CHF-Placebo #H 4% H1i I, 5 CHF-Placebo 4 #{ It ,
CHF-Ghrelin 20 K B LV W4 F&T 5K R 191k W 1 R AR (t=3.60,
t=3.91,P<0.05) (3 3), CHF-Ghrelin 21 Bl LV 45581 W34
(t=3.60, P<0.05), i CHF-Placebo il LV 4545 i /1> (t=2.14 , <0.

LVDD(mm)

©

Sham-Placebo Sham-Ghrelin CHEF-Placebo CHF-Ghrelin
(n=13) (n=13) (n=15) (n=16)
Heart rate,bpm 415+ 38 397+ 30 424+ 30 399+ 36
Mean arterial pressure, mm Hg 121+ 8 116 7 105+ 10* 103+ 8*
LV systolic pressure, mm Hg 133 9 131+ 10 111+ 15% 107+ 14*
LV end-diastolic pressure, 7+ 1 6t 1 16t 5* 11+ 3*%
RV systolic pressure, mm Hg 35+ 4 36t 65 67+ 12* 57+ 11*
Right atrial pressure, mm Hg 2+ 1 2+ 1 3+ 2% 2+ 1
LV dP/dt, mm Hg/s -4892 + 563 -5277+ 790 -3557+ 663* -4527% 617*%
i :*¥P<0.05, SEFAREMLL ; 1P<0.05, 5 REF AL,
Note: *P<0.05 vs respective sham group; tP<0.05 vs respective placebo group.
(A 05)(&l 4),
500- 24 HRZEDH
3 placebo
§4oo- EZ Ghrelin (A
£ a001 201 s 1t
= [ Sham-Placebo
E 200- T Bl Sham-Ghrelin
o £ 157 B3 CHF-Placebo
© 100 ° [ CHF-Ghrelin
B 1.0
0- a
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= 0.5
o
® 0.0 T T
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- N 3 placebo é}“\o “&o
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£ 100004 vgs
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= (B)
k4
-§ 50001 [ Sham-Placebo
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E3 CHF-Placebo
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B8 Sham-Ghrelin
E3 CHF-Placebo
@D CHF-Ghrelin

4 Ghrelin 3t CHF IR FARAKR LV JLAFFEHE OB EThEE

9840 (xt SD)

Fig. 4 Effects of ghrelin on LV geometry and function deter-mined by
echocardiography in CHF and sham rats
E(A)EEREEE(B) AEFRKRBAEZE(C)EERENTHSHBF
REAHELE, *P<0.05; SR EFIZAMELL , 1P<0.05; 53FERAMLE , $P<0.05,
Note: (A) PWT indicates posterior wall thickness (B) LVDD, LV diastolic
dimension (C) %FS, LV fractional shortening. *P<0.05 vs sham group;
+P<0.05 vs placebo group;:P<0.05vs baseline.
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* 3 EELIHEHE(xt SD)
Table 3 Echocardiographic Data(x+ SD)

Sham-Placebo Sham-Ghrelin CHF-Placebo CHF-Ghrelin
AWT diastole, mm
Baseline 1.5 0.1 1.5+ 0.1 1.1+ 0.1* 1.1+ 0.1*
After treatmen 1.5 0.1 1.7+ 0.1% 1.1£ 0.1* 1.2+ 0.1*
AW thickening, %
Baseline 65+ 10 64+ 8 15+ 12* 12 £ 10*
After treatment 63+ 9 66 8 12+ 9* 8+ 6*
PWT diastole, mm
Baseline 1.5+ 0.1 1.5+ 0.1 1.5+ 0.1 1.5+ 0.1
After treatment 1.5+ 0.1 1.7+ 0.1%% 1.5+ 0.1 1.7+ 0.1 &
PW thickening, %
Baseline 67+ 10 67+ 15 33+ 8* 35+ 8*
After treatment 65+ 10 69+ 8 33+ 10* 41% 9%
LV diastolic wall stress,
kdyne/cm?,
after treatment 11 2 10+ 2 40+ 17* 23+ 8*f
LV systolic wall stress,
kdyne/cm?,
after treatment 109+ 12 92+ 14 209+ 35% 162 £ 32*%

EAWT RORBIEZEEE ;AW RRBIE; PWT RREEEE;PW RRGE, SEHEFAREMLL, *P<0.05; 5LEFIAMLL, 1P<0.05; 5EEKAMELL,

£P<0.05,

Note: AWT indicates anterior wall thickness; AW, anterior wall; PWT, posterior wall thickness; and PW, posterior wall. ¥*P<0.05 vs respective sham

group; T P<0.05 vs respective placebo group; £P<0.05 vs baseline.

Y CHF-Placebo 414 I, , CHF-Ghrelin 20 BLAEAE S 0 Il
B LR 24 B4 BH S 19 0 (2. 14, P<0.05) (& 5), i i B 2 11 4%
FUMECE I B AR (t=0.82, P>0.05)
2.5 Ghrelin B & 7 50 1 2246

= Placebo
EZ& Ghrelin

Muscle Fiber Diameter (um)

Volume Collagen Fraction (%)

S &
Fs ©

5 Ghrelin 3f CHF AMBEFAREXRIEMEKTKEEAZRE
4250 (x+ SD)
Fig. 5 Effects of ghrelin on myocyte growth and collagen density in CHF
and sham rats(xt SD)
Note: *P<0.05 vs sham group; 1 P<0.05 vs placebo group.
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