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ABSTRACT Objective: To investigate the influence of ghrelin or its analogues on myostatin in chronic heart failure (CHF). Methods:
In an animal model of CHF, Sprague-Dawley rats received either ghrelin or two ghrelin analogues BIM-28125 and BIM-28131 in two
different concentrations (50 and 500 nmol/kg/day) compared to placebo. The compounds were delivered using osmotic mini pumps. The
expression of myostatin was analyzed in skeletal muscle by RT-PCR and Western blot, and muscle mass of gastrocnemius muscle was
measured. The plasma levels of tumor necrosis factor alpha (TNF-o) were measured. Results: The relative weight of the gastrocnemius
muscle of the sham-operated group was significantly increased compared to placebo-treated CHF rats. The application of ghrelin ana-
logue BIM-28125 and BIM-28131 in their higher concentrations led to a significant reduction in myostatin mRNA expression in compari-
son to placebo. Myostatin protein expression was significantly reduced in both concentrations of ghrelin and BIM-28131 and in the lower
concentration of BIM-28125. The increase of TNF-a plasma concentration in the CHF-animals could be abolished by all used sub--
stances. Conclusions: In an animal model of CHF, the expression of myostatin is significantly reduced in the skeletal muscle after appli
cation of ghrelin and most concentrations of its analogues BIM-28125 and BIM-28131 possibly due to anti-inflammatory effects.
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Ghrelin E—F &7 28 NI E , BN RIEH T
Bt T A KM E i E 2K 1A(GHSR-1a) 25 &, JF
HLABUSHNE T B UE KRR (GH) . AR K E RIS E A
AR T TAGF-1) 25 0 UE KD Re 2% % . CHF
B ML GH /KFHLR T, hiIm3E IGF-1 /KM HA & TR,
FEEHE LM 2K IGF-1 7K T R0 B o 33 38 B B 1Y
GH/IGF-1 ZE L n] (g 5B B4 A G, HATEAWMFFERM,
fifi i ghrelin 657 3006 RRICR 359, 700 300 J52 A8 4 1oL
ghrelin #-47 ARG RIRGE 5, Z IR H & R 04 H A
WA, I SR L BRI EY, © AR U, ghre-
lin J%H:2& {04 BIM-28125 F1 BIM-28131 (Ii#k>A RM-131)fE
%55 CHF sy AU dsf i, 1R R, BIM-28131 {1
TRETE AT A5 S NE W RN LA P-4 38 i . BRI SR & L ghrelin
REA HHESZ LA KA 2
1 BERAI T i
1.1 LIz

AWFFTEREARTE N 215-235 g fHEPE SD KR 220 H, H
1200 R FALL, W A2 5wk sk (LAD) #4725 4L, AT
SRR B O, FATRARE ] 90 me/kg Y EUIEERFI
FIHN 0.5 mg/kg FEFLURNENT F 7R BT IC A R B, PREESS 1Y
KEHR OHERE  RRTUGER Y. TR AN 2R
T ERAG L , FE Bl Bl kR 2200 5 1R BE B LAD 2 I 2-3 mm §)
PEEH 7 SH G LA 4G LAD, S5 B ONEIAA T1E R
AR R HE R P A as S S T B o TR Y 20 1
KEMAEFARA, HFARAFEFRFARLRR, H AL
LAD, {UR filuto . FARARE 24 /NSBET-Fh 35 %I {F
ARU K 24 /NEFBET-ZR Dy 30 %P, AGA7HE ok & L B
PEERSERETR AR A IS A0 = IR AR, A R BB A thik
B TG 2JE, WHKPEmA KRR Ghlg Sl 86 mg/l i
FR) o ARG 4 T8 K shIBENL B 7 IR 7 (B2 18 IR -
KL TR, N2 ghrelin, ghrelin Z5{0 %) BIM-28125 &,
BIM-28131, BFARHAKRLG T LR (n=14), L4242
Ko TS 56 AFCKE, HEBR A2 O E M HBUNT 25 % BRE
A(n=5), XFFFA LR AR B M JIUFR 355 57 BV ER 3 FH A
BT 80 T il sh P scse s & " B K SL 5 8h
POy A BN
1.2 REHFNNAEZES

T AT PR I R R BB, RS LA TSR R B Y
AHXFE AL, DA G R o MR 22 5 RS 2
1.3 MEAA 4 KIMHZE mRNA &=

fiF RNeasy 171 &5 2 HERA UL A ZHZA P ) RNA, {
FEHLE | 1 F1 Sensiscript 1 4% 5% il RNA FE 2 306 5% 5% i cD-
NA i FRE ST | R N SRR DU LR A A 3R B B it
AT B 5] ¥ 4 :18S rRNA (5-ATACAGGACTCTTTC-
GAGGCCC-3',5'-CGGGACACTCA GCTAAGAGCAT-3'; 61C
B, WUAAEKIHIZE (5-GTCTTCACATCAATACTCTGC-
CA-3',5-CATGCCTACCGAGTCTGACTT-3,55C Bk ), WL
AR Z AR5 (5-LC640-GTGCA AATCCTGAGACTCAT-
CAAACCCATG-PH-3',5'-GAGAGCCGTCAAGACT  CCTA-
CAACAG TGT-FL-3'),
14 MAEKMFHEZEARIENST

Vo UR B LH ZURE AT 513 4% 1, JF 64T Western BRI 43
P, (i R R E BALAAE KM EEARE, T
Pk #b blot-to-blot 44k, &1~ SDS- RN BERLEER 5 A N8
FRifE , FELE R NRE - ShR TR B 22 [ B LL 3, FTA FEAh —
KB #AT AT o
1.5 MEMEH TNF-o HEE

KR IM3E TNF-o0 7K P30 28 i85 2 BU% 1 ELISA 3R5E
SRS R &7 g, IR TNF-a & & TR R <10
pg/mL,
1.6 it o

FTA BRI A5 R D34 8 5 e iR 22 i TE A 3k
7~ o Hl Pearson's BRI M . DL ANOVA 1 X A5 s
HEAT T, BIREA Y EY FL SR AR50, P<0.05 BE 3
Mo

2 #R

2.1 HEBFANES

FERZ W RANGYT B R B HAB R 2591697 M R BRUAH LE
MR RS A AR 2R (B 1 £ D BFRAKRYS CHF
GRFNGYT A R BURH LE , Mk LAY 4t Bl 2 3G m (504.4+ 32.9
mg vs. 470.9¢ 38.7 mg,P<0.05,[& 13 1),
2.2 ALAAKINEIE BH mRNA fEER

i FHE A ghrelin 244014 BIM-28125 F1 BIM-28131 4
JPHIREL, 5 CHF ZEFIEYT I shAact, LA KM &
mRNA %% 5% 5 2 F A% (0.033% 0.007 and 0.038+ 0.008,vs.
0.106+ 0.015,P<0.05,[% 2 %% 1), R FARKE S CHF LRI
K EUAH Eb , mRNA [ 7K F 8 2 B K (0.041£ 0.008vs.0.106+
0.015,P<0.05).
23 DREXBRAAEKINFENRIE

BRETREBFEN 500 nmol/kg f) BIM-28125 54252
DRRNRIT R UM B, WLPI A= A 22788 (1 35 Bl 25 BAIT
(BIM-28125 50 nmol/kg/d 0.72% 0.06,P<0.001; BIM-281231 50
nmol/kg/d 1.22 + 0.12,P<0.01;BIM-28131 500 nmol/kg/d 1.26
+ 0.13,P<0.05; ghrelin 50 nmol/kg/d 1.15#% 0.12,P<0.01 ; ghrelin
500 nmol/kg/d 1.24% 0.17,P<0.05;all vs. 2.03% 0.2;E 3 % 1),
24 KROFFMEE TNF-a KFEIEZL

FARAK BUMLLE TNF-a K5 BF AR shAH e w3 T
= (1581  0.93vs.5.69+ 0.28 {17 % ,P<0.001), {L25I897
Jr LB REMAs CHF Y M13% TNF-o ACE 152 m (B 4 £ 1),
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Table 1 Physiological indexes of rats ( x* s)
BIM28125 (nmole/kg/d) BIM28131 (nmole/kg/d) Ghrelin (nmole/kg/d)
Sham placebo  CHF placebo
50 500 50 500 50 500
Relative
weight of
) 518+ 140* 483+ 122 489+ 158 502+ 168 491+ 157 498+ 146 478+ 139 492+ 143
gastrocnemius
muscle(mg)
Myo-
statin-mRNA
) 0.039+ 0.011* 0.112+ 0.029 0.045+ 0.009 0.032% 0.008* 0.061+ 0.015 0.028+ 0.008* 0.072+ 0.019 0.041+ 0.012
expression
(arb.units )
Myostatin-pro-
tein expression 1.3+ 0.39* 2+ 0.6 0.7 0.18%%** 2.3t 0.64 1.3+ 0.38%* 1.32+ 0.41* 1.2+ 0.37** 1.35% 0.42*
(arb.units)
Plasma TNF-o
) 5.4+ 1.67%** 16.5+ 4.8 7.5+ 2.18%*%  7.6x 1.89%** T4+ 2 18%*k 755+ D 37kkk 7 Ox D |Q%k* B OF D 4Q%kk
(arb.units )
Notes: * P<0.05 vs. sham-operated group. ** P<0.05 vs. sham-operated group. *** P<0.05 vs. sham-operated group.
Sham Placebo

800 -

(=23
(=3
o

*

Sham Placebo
I CHF Placebo
I BIM28125, 50nmole/kg/d
I BIM28125, 500nmole/kg/d

Il CHF Placebo
I B1M28125, S0nmole/kg/d

Il BiM28125, 500nmole/kg/d

B BIM28131, 50nmole/kg/d
Il B1M28131, 500nmolerkg/d
W Ghrelin, 50nmole/kg/d
Il Ghrelin, 500nmole/kg/d

I BM28131, 50nmole/kg/d
3 Il B:M28131, 500nmole/kg/d

Bl Ghrelin, 50nmole/kg/d

»n
=3
o

Relative weight of
gastrocnemius muscle [mg]
o
o
=)

B Ghrelin, 500nmole/kg/d

{ . .
* =
- )
| “. I I I I

3 KRMAERMHIEBHFRIZ

0 I I I I I I I
1 MR ES
Fig.1 Relative weights ofthe gastrocnemius muscle to the length ofthe tibia

i *P< 0.05 SREFGTFHOAEE KRB
Notes: *P< 0.05 vs. placebo-treated CHF rats. 0

-

Myostatin-protein expression [arb.units]
N

Sham Placebo

0.15 B CHF Piacebo Fig. 3 Regulation of myostatin protein in gastrocnemius muscle after
g [ B1M28125, S0nmole/kg/d induction of CHF by myocardial infarction
3
g B nanzs oot g akp<0,001 SRBHIATT A AUEIER AL, <P<0.01 SR
- 0.10 - Il B81M28131, 50nmole/kg/d " . o N " . -
g B ©M28131, 500nmolelkgld FIRTT B O ALESE R FRABLE, *P<0.05 5 REFIETT B O AEFE R R
o
g ‘ Il Ghrelin, 50nmole/kg/d Atk
<
% . ) B e, Gammoleb Notes: ***P<0.001, **P<0.01, and *P<0.05 vs. placebo-treated CHF rats.
E 005 . ‘
% I [ sham Placebo
§> Il CHF Placebo

0.00 I BIM28125, 50nmole/kg/d

I BiM28125, 500nmole/kg/d

2 ﬁﬂﬂﬂmﬂiﬁi?m %U%E E -mRNA E"]ﬁi 25 Il BIM28131, 50nmole/kg/d

Fig.2 Regulation of myostatin mRNA in gastrocnemius muscle after 20 B 5128131, S00nmoelkg/a
. . L . Il Ghrelin, 50nmole/kg/d
induction of CHF by myocardial infarction 15 B Ghroiin, S00nmolekgid

i *P< 0.05 SREFIGFH O AUESE KRB
Notes: *P< 0.05 vs. placebo-treated CHF rats.

-
o

x
xx R
" ‘ I I I I

4 XM TNF-o kFEZ
Fig. 4 Concentration of TNF-q in the plasma of sham and CHF animals
i *+*P<0.001 SRE AT A0S X R o
Notes: ***P<0.001 vs. placebo-treated CHF rats.

XU A= A 2R A IR AR o AT 1A =

Plasma TNF-a [arb.units]

o

3 3tig

356 SR M ) SR S0 , LA 5 14 0 36
FET=3 LA AR AR 2 B s LIPS 2 s R e L P
HERAIA 2 KT FH29. Ghrelin, 2 — Fhaai A K102 i
% | B AAEWIE SR B UL A BB A, 4R, ghrelin
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R 5, BATERLC WU S PR R 8 )5 sk 58 6% 5 3]
WA ZESE . 55—, ghrelin A& HZE4) BIM-28125 F1 BIM-28131
RES W FRARNLA AR KA R ik . 56 = 18P0 )i g)
W2 iayT , Fo ¥ TNF-o K BB AR

PO ) T I R 8 T P UL PA) A A A ) 3800 B LY
YER.

R U JBCF UL B A A v AR DA B, 8 g k0 )
TR A S FUEHOILH B 1A R 2 A4 JIL A A 4B v AR
W, AR R R LUE A I 4 JE iz sl gra
B0 flt e RIRERIE S , W 4.0y iy SR 225 o ) 4 R BY
i T3 2 i LA A R A 22K 3 AR
3.1 Ghrelin ZE18 140 1R BFRFREE R

S5 T YR M ghrelin K SE FFF, ffiF ghrelin F1H &
GHSR-1a J&3Y7 )5 , BEWS . 35 A s B 25 ) 0 4, O HL
FARTE™, Ghrelin RESRIF GH 1 BRI, ghrelin X &2
IS L GH S A AL, IE AN RE RS I K 0 B OB IRAE
OB YIERIN H] ghrelin Fl ghrelin 52 M7 BEAS 1 LA
JULPAL AT B 35 B AT IR TR AR, 1SR4 24 3 SR RERS 8
P )y JB A A0 B S LB
3.2 ALK INEIE, ghrelin, GH #0 IGF Z AT REFFERI X B

AL T AR BRI, IGE-1 KR
BN, B s UL PA A A A ZK T e i i S A R B i B
TEB LA, HRTBA T BERICT PR B, b dnid iz shill 2k
WL, X R RIITE ST ghrelin GEAZRZNA LMK A IGF-1 /K
. {HXF GH-IGF-1 %t , ghrelin 5 ghrelin 52 (3520 7] Al %
BN AR SFFERARA A H] . Ghrelin A2 BRY)BEIE AR IR T A K
PR O ghrelin BOEER I EE S POPPRBUAOC . FAT75 ik i
225 I B0 D PR 2 ol T R AL P L S B

Ghrelin Fl1 ghrelin 52 A Sl 53— MEE BT M
AR PR T, AT E 2R e A R SRR S X AT A A A
AR T A GH 73304, ghrelin 2% ghrelin 32 (A3 355 RE 5
WA R TR o (R GH BERSHR 2 40 P A T 44,

TEAWFIET, BATUEW] ghrelin 5% ghrelin ZE W4 REWR L
PRZE R AM i 8070 . 7E mRNA ZKSF, ]Fh ghrelin Z4{pI4) HA 1E
e e R JRE I RE S 50 2 R AR UL PR A R I K-, U Tk A e
ghrelin &) HAT IR ZL A0 EEARRIALN o

Ghrelin 2 H:25M4) BIM-28125 F11 BIM-28131 (%t {ILIAI A=
KA 2R A MR LTS ghrelin (9 575 —MER . 18RO 1508
ST L TNF-o mRNA 7K B 5 25 T B 2H 20,

R 18P0 T 5 S BUHE I LT ] LRI, LA S ILEAY
ARMHBREAREIEH . 45T ghrelin 2 H KUY
BIM-28125 1 BIM-28131 Ji5 AEHS 25 X Rk AR . 3X UHH ghrelin
Jo FC2E 04 BIM-28125 I BIM-28131 (9 5 AL &0 v 1l g 5
ghrelin FOHTR T S1A K  (HRXATIIR T 2t — P R B FEUESE o
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