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ABSTRACT

The aim of this study is to investigate whether adropin, a novel regulator of
metabolic homeostasis, is involved in lowered exercise capacity and skeletal
muscle atrophy due to aging (sarcopenia). We focused on heart failure, which is
a representative disease of sarcopenia, and tested this hypothesis in clinical studies

for patients with heart failure and in experimental settings using heart failure model
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after myocardial infarction. The serum adropin levels of heart failure patients was
144+0.09 (ng/ mL), which was significantly lower than that of the healthy control
group (1.64=0.07). Moreover, serum adropin levels showed a significant positive
correlation with the maximum oxygen uptake and anaerobic metabolic threshold, which
are indicators of exercise tolerance (r = 0.65, 0.59, respectively). In addition, serum
adropin levels showed a significant negative correlation with the ventilatory response
which is an index of shortness of breath (r = - 0.61). We created post-infarct heart
failure model by ligating left coronary artery of 10 - 12 week old C57BL / 6J mice. In
this model, the exercise time, exercise distance, and maximum oxygen uptake were all
significantly reduced compared to the Sham group. These lowered exercise capacities
were associated with a reduction in mitochondrial oxidative capacity in the skeletal
muscle of those mice. As a future plan, we will quantify adropin concentration in those
skeletal muscle tissues and will examine whether adropoin levels are associated with
muscle mitochondrial oxidative capacities under each energy substrate. Our findings
suggest that serum adropin levels may a new surrogate marker for sarcopenia and

exercise intolerance associated with heart failure as well as aging.
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ke (Prar=7) 2BV, miLAEsh
I AT —EHEEERCEbSRIVEY, TR
oY ofElElEt L. Va2 TERETS
RFEEETHDOARIERL, B OAEES
R L LRI L O A EE T
B % 728 BRI X > TN EMREE L 72
DAEREOMFET7 P ¥ U EIE 144009 (ng/
mL) & EEE SRR (1.64+0.07, ng/mL) & Bz
THBILEMTH 72 (p<0.01). & SIZIMET
R ¥ LB A B ORI C B 2 i KRR IEIL
=B L ORI L A E R EOMBEE R L
72 (r=0.65,059). —F CTHLET Fa ¥ v I3#sk
NG EHBERAOHBER L7 (=-061). 10-12
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7 WA B TR A 34 OZR CIFEE ML
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ORNDLIERBELTWL Y P aR=TIE,
FRHEAEORAL - BALAEEIZ X 2 BT
Lo THIESRI END. [ 2R VFRERT
(IGF-1) 3R IV E a3l L b il
NTER S, AktEBRENLTINTA ¥ U
1&EH (mTOR) 2 {EMHAL L, iR EA K T
L, v ax=7 CIEEES BT Co IGF-1 ®
FEHKT, Akt D) > ERALRE &5 & H - A b
Erb7HTIEAMESNTS Y. Akt 135
EHAEERBTHLE L LI, TERA A ¥
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1. MEHE

1.1 ERPRRRZE

g R AR e e i 18 M R B 25 44,
IREEE Ll e ~ v F 88 - R A A
LawiiEs 15 #exg e Lz, OAE0BHT
&7 7 3 2 AR, LIRS B R
Bids & OVGIRE B R 2 4T o 72, O E B F A
AERO 3 20 H IR 2 TV, A5
¥ C-80C CTHEE R L7z, Rifgeo 3 _Coi
MFL, [~VY yFESF (2013410 Hi51E) |
RO [ ANERRE S HEFARTIZE T 5 Bl
E1 | CF R 26 4F SCERRE 74 - IR A 57 BB 15 7R 55 3 5)
aalST LCHERM L 72, AREFFE I Ak dRE KA H
F RN FE R AL B S IR S NNEHE L 7z

1. 1. 1 DE8FERE

TR B OB B R A 2 ATV, DRI K D ISR
LTEONZER O ZREERICTBIEY v 7Y
kR CEERLES R L7

1. 1. 2 DiESHERHER

JEAL HHRHL )L T A — % — (Aerobike 75XLII,
CombiWellness, Tokyo, Japan) % T, 345
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@ warm-up O H | OA L EHE TIIES 10-15W,
i B R IR C U450 25W CHEMEIR L F TR %
Mz 7z, BB T ROEST & MR REE D g e
O L EMAIC LY EE ik L7z BEHER
VX R IRE 2> & TR E) A 38 L C 280E Aero-monitor
(AeromonitorAE-300S, Minato Medical Science,
Osaka, Japan) % iV -CilllsE L7z, SRR
& (peak VOo) 1EBH IS SN2 AKDOMEH
B LR L, BERAHEE (AT) 3V 20—
THENZ LY KDz SRR & TR LR R EA
=& /N REMAFIC L) VE/VCOp A1 — 7
%Ko (y =mx+b; m=slope), L 7.

1. 1. 3 MIH7 FOECORE

1. VIS THRRAF L 22 s Rk e v
T, o7 Fo ¥~ ELISA % » b (Phoenix
Pharmaceuticals, Burlingame, CA) 2 & V) I/ 7
oV o aflE Lz, g IZR % 58 Tl
—I 2 TWAZO & 2 [IGE L 72 450nm DSt
BE % 3 GG EERT IS TllE L, logit Z83012 X b oK
DFATEANT LD REEIIAR L TR L7

1. 2 EEER
ETOBYIEEL S IZEBRIZHAW 2T A0
FH RSB L OERREENL RS KRR
et B E BT B &I CTRES L, bk
FEMWFER BT AR 1 ShEo THEML 7.

1. 2.1 EFBR70b3—-0
OAREETIVEIY & LT 10 ~ 12§ C57BL
/61 = 7 2 OB IR % &% L Tl A%
(myocardial infarction, MI # , n=10) % ER L 7-.
F oM E L CEEIR % 2 L 2 W B TFAHT (Sham
B on=10) L7, S5 D< T A% Tl
BABEBEATL, MLy KV, LTa—%1To
7z, MLy FIWn6 2 HU LS Clisas & $RI
L7z, BEEHRIOBIE M) 7aEL S J —)b 250
mg/kg AT % JEIEAES L C 150 % IRIFHEEE % 15
7R\ HE TN 2 BT S B AR A A A LA
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IZBIFA I Fary Py 7RG RE L7e. 72,
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TT7 FRYEVRELIEL .
1. 2. 2 DEBEEEE
Fhliit4 4 BIEE L7z MLEEZ 5 N2 Sham #
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BEL, REZEVGHHEINLE LNV TME—
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o b, gL AENE, BEE, L= NN
e FH L 7.
1. 2. 3 EEBENTA b
EEIRE /B Ly B3V (Oxymax 2;
Columbus Instruments, Columbus, OH, USA) % H
WS EAER TORART LI F L T Y
YON= T FG T2 AT &0 B L 7z,
Py FIVRIIYY AR BE, HEAEL 0
ELTI0MoLHFICF &, HEE 6m/ 5T
VA=Y T Ty TeRE L. 10 oI R
I 10 BE L C 2 59812 2m/ 43 % ik S8 7z,
WiESI BRI Y APIRAE D E R D L)1
MLy B IOVERTICALE T % HE SRR T AU
W27z REZMHFIZEWTD 10D E
AR B2 ooz <7 AN
[RZTI] R o7z LR L CHEEZRT L7
ISR A AGHTCTIE ™ Loy B IVEEDE > I
Maa~EfE (1L/75) OR[THERL, 22K
FOBEED L TR LR FRE 2 10 #4123l E
Lot zfrorz. FARDOIRE L L CTEAT
el & SR EE O Rf 2 HEITIEEZ B L7z, MR
AT ORI L L TRORERREE (peak VOy),
SO bk F AR L BFEENE DD &I
W %2 #2 It (Respiratory exchange ratio, RER) %
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K7z, BEE S O & RE < FNHEE x
T A O AT TR L 7.

1. 2. 4 #REHERA

RETILBZ A EH#AT >~ 7 b7 = 7 Dr. SPSS 11
RV T T o 72, AFHIEIZPIgHE = BERERRE
HHVIIEERETER L. 2EMOFEYHEDE
OME X student t 7 A b EHWTIT o7z T
Fo ¥y & OMBBHTIZA E7 < > ONEAREIS
Lo T, MBS () 2 EH L 72 fEkEE 0.05
Kk HE L HE L7z

2.1 BEEE

R1ICOAREEE L S WIEE RO EE
BMEART. OAEBEEOTIERIL 516 KT
BEEEE L FMEECTh o 7. RO BIIILREL LA
fE, MR OB E, I G IRR AS 2 e
6% (24%) b Erolz. LI I—RAETIX
DAL EERTAZEIR (LVEDD 61.6+ 15 mm)
EREFEINHEREDALT (LVEF 39.1+14.2 %) % 32
Dz LAERE CILERHAREORETH S

x=1 BHEER

ERRE X HE T DR AT P i
IIE T 40 15 25
SE 54+ 14 51+ 6 56+ 16 0.27
B ,n (%) 37 (92.5) 15 (100) 22 (88.0) 0.28
BMI, kg/m? 238+ 3.7 229+ 3.0 243+40 0.23
HRECHE 0 (%)
JERRI O AT 6 (24.0)
PEARA LR HL O IE 2 (8.0)
R o R 6 (24.0)
L I O R, 6 (24.0)
iy i 5 (20.0)
Z Ot 5 (20.0)
NYHA 448 (/1711 1/19/5
HEAERE ,n (%)
I 13(32.5) 1(6.7) 12 (48.0) 0.01
T IR 5(125) 0 (0.0) 5(20.0) 0.13
R 15(37.5) 0 (0.0) 15 (60.0) <0.01
LT a—pr AR
LVEDD, mm 558+ 14.1 461+ 3.6 616+ 15.0 <0.01
LVEF, % 471+ 156 604+ 5.6 39.1+14.2 <0.01
iR == N
ANEZTE Y g/dL 142+15 153% 0.6 135%15 <0.01
TIVT I gdL 48+04 46+ 02 44+04 0.12
7 L7 F =, mg/dL 096+ 0.28 0.80= 0.09 1.06+ 0.31 <0.01
¥ L A7 10—V, mg/dL 187 + 37 202+ 9 176+ 8 0.03
FU 7)Y R, mg/dL 143+ 149 138+ 161 146 + 144 0.86
HDL 2 L 25 1 —)l , mg/dL 60+ 19 66+ 17 56+ 20 0.13
LDL 2L A5 H—)b ,mg/dL 113+ 29 124+ 23 107 = 31 0.06
ZSIEHEIMAE | me/dL 104+ 20 101+ 10 106+ 24 0.40
HbAlc, % 5706 54+ 0.2 59+07 <0.01
1f14%% BNP, pg/mL 21.7 (7.9-192.2) 9.1 (7.3-11.0) 1459 (6.8-281.5) <0.01
ME7 Fu ¥y, ng/mL 151+0.12 1.64+ 0.07 144+ 0.09 <0.01
CPX T i,
Peak VO,, mL/kg/min 23387 31358 178+54 <0.01
AT, mL/kg/min 122+ 40 156+ 3.9 100+ 2.0 <0.01
VE/VCO; It 309+73 274+ 42 334+8.1 <0.01
Peak RER 1.21%0.19 1.27+ 0.08 1.17+0.23 0.13
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peak VOg, AT 13 % HiAE X 0 HEICIR<, &
N ESERE 2R T HSIGE (VE/VCO, A1 —
7) FEBICEMETH o2 F, LAREBRET
EEIE, REEE, Al EREREEO A
R IERE & B L CRizsTh D, I%E BNP fH
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3 (M 3). MI#TIE Sham B & i LA ZIE
TR, EEHEE, TOREE L UERENKT
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