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Ach
AWGS
BIA
CAT
CSA

CT
DCF-DA
DXA

E

EtBr
EWGSOP
FoxO3a
IGF-1
IL-6
MDA
MEF2
MHC
MRI
mTOR
MuRF1
Myf5
MyoD
NF-«B
OCR
Pax7
PI3K
ROS
SPPB
SOD
S6K
TAS
TNF-a
TUG
4E-BP1
8-OH-dG
8-oxodG
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Ach(acetylcholine)

Asian Working Group for Sarcopenia
Bioelectrical Impedance Analysis
Catalase

Cross—sectional area

Computed tomography
Dichlorofluorescin diacetate
Dual-Energy X-ray Absorptiometry
Echo intensity

Ethidium Bromide

European Working Group on Sarcopenia in Older People
Forkhead box O 3a

Insulin-like growth factor-1
Interleukin 6

Malondialdehyde

Myocyte enhancer factor 2

Myosin heavy chain

Magnetic resonance imaging
mammalian target of rapamycin
Muscle RING finger 1

Myogenic regulatory factor 5
Myoblast determination protein 1
Nuclear factor kappa B

Oxygen consumption rate

Paired box protein7
Phosphatidylinositol-3-kinase
Reactive oxygen species

Short physical performance battery
Superoxide dismutase

70-kDa ribosomal S6 protein kinase
Total antioxidant status

Tumor necrosis factor-a

Timed up and go

4E-binding protein 1
8-hydroxy-2'-deoxyguanosine
8-Oxo0-2'-deoxyguanosine
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a8 1. 2|9 YH
[EX: 228 g4 355171, 2018]

2 8L QiR FAEE Yol T4 84 f(muscle fiber,
ZAH(myofiber) B+ A E(muscle cell)2tilE f};") 9 7= A%t 22 9] o>
Edstal & 49 wido] EXolh. 72t E8Af = 44 719 A myofibrils) 2
TAAE0 flow 4 79 %ﬁﬁw(myofilaments)—é Z/IE ESE AR
@ d9(sarcolemma)2 2 FKX] 9lom I endomysium)E SRS
S S%lEKZ% 2). ol2gt LEHREC] BojA IS thd(fasciculus)= °lFL

5 S TE perimysium) 2 2 4% 153 2%2A] g Eepieidth
01 Quo] AL 189 FAE Yol ISH T epimysium)2 2 &EX

Gz Aol S4I2 oleth

a8 2. 2429 =

[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw-Hill, 2016]
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O +54f(muscle fiber)

452 7Rl 1 ISAZRESAHREIE 7 HRl ALE ZZAA
She] A= A Ay He A2 8E Aotk EA2Y &5 9
A= 1 BFY A&t Al2olw, Zol= 1~50 cm, A%< 10~100 #mo]tt.

7 9% BF9 TUHRE, T9R= SSEAEE, I54R T,
sarcomeres)®|2h= 54 G9E FAE ZF SSEEL 204 247 o]
7t= "AAR(thin filament), H®(actin®} FH< "|AAHR(thick filament),
H]| @ Al(myosin) °l2hs 54 T Hld=E o|Fo Xt (1E 3).

N

Myafibril

Myofibril

(@)

Z disc H band Thick Thin filament Z disc
filament

o
I3 3. 284

[EA: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw-Hill, 2016]

@ <¥Z(sarcoplasm)

TEEL ISAE Yo Mxdz ZE4F 9F 50%, @A (sarcoplasmic
proteins, & M4 FE2Y), SFas, n|ETE ol ARtad, fiaE GAFHRIAD,
A 5o] i) 25%, <BEY 5%, | EFZEZoH(mitochondria)?}
ZA XA (sarcoplasmic reticulum) AT 7 9 ZE]FA(glycogen)dt
2272 A(glucose)Z FAEo] Ut
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) 283 25

7D 54174 ZH(motor end-plate) @ &5 T (motor unit)

A WA ZF2Ee] 2840+ ANE 25 FH(somatic motor axon)C ZE-E
ATE Bt &5 Fa2 AFE A¥HE(neuromuscular junction)of A
oIEEYUE WEFoZN IEHRY 5 A3 IEHROIA AFS

5] %

e £ #9158 24wl i d 4). &390l 93t &5 7

< SHEELY FES oplst WEH oMEEdL &F w9
W A9 AHA S5 B9l HEA gHtE o]
i) ‘45’_‘%1-0}*1]%%% —.—Qiﬂ(mcotmm ACh receptor)oﬂ Zksitt. o
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A3ty 01%474] AAE a5 (activity potential)= %ZJIE-"] F5Z op7|gitt,

&) An Mustration of the neuromuscular
Junction. Notice the slight gap between the
membranea of the axon and that of the muscle
fiber. (b) A photomicrograph of muscle fibers
(L and neuromuscular junctions.

o
8 4. 23HEsH

[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw~-Hill, 2016]
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AMZE &5 FH9 AMEZA(cell body)e H4 FJMAQ] Az (ventral horn)oll
QA Jom A4 AAF9 HAZ(central root) 22 ©U ARS AJAISE 4~ Qi)

o] B 28l AHe A U9 e KE AT 5 AUt
7] AL £F FEL Be F42 Bi) AdE 23489 W 25 wos
FAUHAY 5). 479 AN &5 frelo] TASHE © AAHojgE BE

DEHRT W SZIES AT F, o] ANE £F R dAE mE
2849 TAHE i £ wols W 2PEG 255 Fwo]
olAIR 417 Aol BE e 5 welR FAEo] S o B&Holth TR
e FAHoE F7h A Wolk F X wpgel ARt R WAL £52
AT 4159 ol AL 4 LS 45 AY WIS F77E Aol T A

520 BEE F7HA717 99 £F i F A2H 22499 22 Z7HA o
2 2% 99lE T4 Zolt

&) Nustration of a muscle containing fwo motor units. in eally,
a muscle would contaln marny hundreds of motor units, and
each motor unit would confain many more musche fibars than
ane shown hera, (D) A single motor unit consisting of a branched
meator axon and the three muscle fibers I Innervales (the fibers
that ara highlighted) Is dapicied. The other muscle fibers would

b part of different motor units and would be innervated by
) different naurcns (not shown).

1% 5. 25 o

[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw-Hill, 2016]
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B) =5 WAY=E

b &= E54(liding filament theory of contraction)

+50] 5 HY ISAHAREY £F52= Qlsto] I do|rt Eoleth
THARY 52 TR $52= lste] Utz @4o|1L o], ZACERH
2R3 A 9] A7t Eo1EA gl Wt yehdth. A bandZt oA Al= &AL,
71 A7 A= 7ke] fAsH oA Ldo] Fokith 44?1 A band ARe]9]
AZE H|sh= I bande T5°] 530 wet 71 Zo7}t ZopkIttk. SkA9H I bandE
T8k 7he ARY Zol7t FotAl= AL ot 450 5T 4, 7l= AR<t
FALE ARY 4ol AAl= WA Y=ttt 2Eo] FokRl= AL ISR
ot o 27t oy, 7he ARet AL ARVt slidingst?] W&ol 459
5 oA, ¥ A bandoll AT 2 Hi= SY2=E © AA slide st
AL Aol A= 529 Hgo] AAA == ¥8= 1 band®t H band®] Zo|7t
ZobA HolA "t (1d 6).

N | b= | P ¥
> { 5
i % ?
{ ?
4 by
:§ 2 3
. - .
§ 2 =—-§_
3 § b !
bl : > /

: {8) The upper Image Is an electron micrograph of
sarcomeanes in a relaved muscle, The lower two Images ane photo lustrations of the changes that occur during contraction, (&) An
lustration of tha sliding flament modal of striated muscle confraction as a relaxed muscla fiber (1) partially confracts (2) and then
confracts fully (3). Although the sarcomeres shorlen, the filaments slide rather than shoren.

=
a3 6. 25

[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw~-Hill, 2016]
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TENEIE $EIEE AFE wow 23 Yo ZAEA ] YW Cat'e
FEotdA Ca¥g wWiEA ASAR Ca*'F it EEEY(troponin)©]
Batglo] waA3Hcross bridge)o] HElo] B 4 QuE Ezxny EIHA|
(troponin complex)?} &5 EZ X 0] Q Al(tropomyosin)& ° A7 & 23
RIS JoIt(ad 7). oAl Welrt Aol Aol Agdt & 235 =W
HE W EZ} 24 Ztog Ta Solrta 49| Zol7t Folx|A =}, o]Ao]
459 FEFAgo|d FFAY7E Bhd ZAZA|R Cat'o] AFSFHI HEy)
1 Q419] 4520 Al HA] ER RN 94l Z-go] FEEo] AP EL A
AR = Fote}t 50| o|&sHA He Zold

o

Relaxed
muscle:
fropomyosin
blocks the
binding site

Contracting
muscle:

in
head binds
to actin

3% 7. 225004 Ca™2l Xg

[EA: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw-Hill, 2016]
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@ ZEeHA 8 A(series-elastic component)

o=0] 5T o FotA7] AsiME I=9 FEEHA ¥ TRy &Y
Aoz Zo] WA WA FAACF Tt lﬂi"?l TFZ, 5] 259 A= 2¢xA 9
Z2H Aot 28 W9 E™(titin) A= S 7}11 Atk &, 15 FHol
A3}st ofz{gt

1 BAsk= do] A= FA Zol(resting lengths) 2 EEokttt.
2= 4559 P A 7] wEol A9 A EedaAdtal it
™ %9 712 IH

O A=(single twitch)

H2] o}l ApFol| gfslo] 50] F<45]

r°l‘

H $=319TP} olojA] o] gkE] 7] 7kA] 9]

Muscle twitch

Stimulus —

j_EI 8 J_Ool Eg‘%
[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw—Hill, 2016]
@ 534 $=(isotonic contraction)
elo] s} glo] 8] o7l wistsle] Uojub S3olch 239 ol
SojudA $=5t= Y4A $=(eccentric contraction)® +59] Zo|7}

ZolRHA] £=5= 44 $=(concentric contraction)2.& E&FF )

® 534 4=(isometric contraction)
459 F S IHANA 89 Zdol= W gl AYTS YEHYE ol
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Muscle contraction

|
| 1

Isotonic ) i Y

1) Semal|
S
Isometric

sgd | |\

"‘ @
R
eccentric concentric

I3 9. 2450 58

[EX https://open.oregonstate.education/aandp/chapter/ 10-4-nervous—system-control-of-muscle-tension/ ]

® ZF=(tetanus)

A A7HE 7440 ot AFos dFo] HAA ¥ 2T A%H9 FEol
Aoju= gAfolct
Incomplete tetanus Complete tetanus
I—I—l
I 1 I 1 [ | 1
Twitches Fatigue
5
[52]
g
®
&
=
=

5 shocks 10 shocks 60 shocks
per second per second per second

a8 10. 2|9 2=

[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw—Hill, 2016]

® & (tonus)

® F=(contracture)

ol ZolA M|zl Aejoldt.

@ w"H](paralysis)

THRAFAY LEAEAL E4oE FTRAGO] AHEool 97 fF0

=7 ddold.

R
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H|t(hypertrophy)

HEd 28850 o8 28R} AXT SEYo] AXE A4l

@) %9 oA a7
oD 289 gt

O ) A4 A3F 2AF A (maximal oxygen uptake and lactate threshold)

AR Fd Ata ARES FHd AL AFHFVO2 max)olhl FEH. 25
e 2t 9AE

=
o Aba AT WELE EADT

72 25 A 259 duAe At 2714 280l deth ole F=
Ay 220 AgE Aol Ad . A48 25 Al 5 FEEA0] F2
ouAldelal dAZ Z=59] I IdF2 4L 5= driyt 2 FAE
T UeA Y F Q= 8% F Sstolth

® Akt FEA(oxygen debt)

£F 3| REIF 44E FIohd AT Az Rl Foel

RSz RlY Z59 vyl AldAe] dast 4ka, YA St
3l

®
r o
2o
Hu
)
(o]
—
i
~~
(e}
=
e)
wn
te}
5
0
0
]
(@]
jov)
=
5
o

A FES 252 ke U ATPE A diAel fike SFHY © Ee
AWE. ojuf ATPO] BRE AP 252 A&t S8 ADP7F At ord
E= FEord AR ARtz SEH. I Al oM it o sk
ATP 52 38 oo™ ATPS| ik ¢ a&2#fo|7] migol F2ollA 257H
ATP &35t 543] S7I0HHRE fitaol] 28t Z5olMe &= W ATP =7}
Ot Aot "ot Rz F4 Alole dd Mt ore 2 HRES(ATPOA

13
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Muscle

ATP\ (v Phosphocreatine - //» Ry T ADP +Pj
ADP c/ — Crealine <« / K ADP

During rest During exercise

J% 11, 20 QULT OIS Mitat ALE
[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw-Hill, 2016]

WP 289 4%
TEF= 50k S0l wet A 55k Al ype DI HIEA 551
A2B(type IDE EFdch LA £551= AP ISAF+= ZAEHo] FH1H,
HEFEole] 71 Bal, {4k S50 AREE= B4 9 n]eaF=Rlo] I EA42
WAL ot wEbA A 55k AllY S8R FoH, EZE o] R4k
255 5o a3 ATPE 7] WZel S23 glo] & 5o Hls| 2 53
o At} ¥H, w2 55k AI29 S54SR 2EA S5k ALY S5l
H|g &2 HAEH, 42 F9| vEZEote} v I 2HS T-Fotal Q). w2
FEohe AP ISR e B2 Y SIS 2 559 i AEol ANEE=
BAE AL UAFOEHN, ATt BES SAOA . A3 jirh A3 A2%
S5AF olQol:, Q%Y &5 A1FH AP TSARY e E42 7
TSR A2XB(type IX)7F SARIT. A2A%B (type [1A) 547 BF 2550l
w2 2|0k AHS}4 53 (oxidative capacity)©| o} vl & L9 2o IS
7HIth & O ARQl AI2XE dSARE w2 o9 &89 HIS 2R Qlsto] Akat
52 270004 A8 5 YTHLH 12).

ﬂll

2 »
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Feature Slow Oxidative/Type | (Red)  Fast Oxidative/Type IIA (Red) Fast Glycolytic/Type IIX (White)
Diameter Small Intermediate Large
Z-line thickness Wide Intermediate Narrow
Glycogen content Low Intermediate High
Resistance to fatigue High Intermediate Low
Capillaries Many Many Few
Myeglobin content High High Low
Respiration Aerobic Aerobic Anaerobic
Oxidative capacity High High Low
Glycolytic ability Low High High
Twitch rate Slow Faster Fastest
Myosin ATPase rate Low Higher Highest

J8 12. 289 4R%¥
[EX: Fox, Stuart Ira. Human physiology. fourteenth edition. McGraw~-Hill, 2016]

(th 289 3=

g0 Wzl P2 AP 280 Beo] £50E A dHow Fashs
A0 AHolG 4 k. FER AL 3L Sl 2 ule} o] RE 25 Tt
AGET HY 4% FA9 W2E AE 9 K'Y F4 wFeln] of 28440
CHESIE SR TUR WIS YA £ 29 2 o 252 WA
wet Febd 4 9k W20 7]ofd 4 Qs LEOR AT 2§ W= 47HR A
e 4G SIlsS] IS PO ] St Bl 2ole . WA
ATPO] Zh TAEA| FWoA] Ca? B 2482 Yook Zolth. A WA 28
ZejzA0) WP A5 TAEANA Ca¥'0) WES Fashs Zolth miAgow
Al ADP7 S7HsHe Zoltt. ol 28 N §9t 24%0] $ES P71
.

—_—
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Lt okt 259 e}

(1) YAA Z(satellite cell)

EFUTS e S8ARE A20E BT 4 Qlok vk 28409 £49
s APNER Eele= S7IARE 29 Aloofl 7HA 1L %\‘jr AMEE= EEH I
Hoﬂ/ﬂ 2/43t= o] ZYAHZ(myoblast® E3lotH E4H 49 55t

H ISARE AARIE B 259 7Y 2 @%4 A S7FE Q9]
l‘i—lq 7F AR W, 544529 ol = Flof vgste] F7tsljof Bttt ojnf| F7tsk=
A2 HARZERY F55H Ho. &, ANEsE 2439 IS FASHL
AP 7= dg= ot 3 Al AR 5 ?:5‘-7} %}%}Qt‘q E35] Al 238
TSARolA 9] Fart FEBRIT ol=et gAIES] A 2
SlEo] HuA|n ZAL Aol ZAIZE LAY -r]*“ﬂitJ T A4 ok 3l
w2} $71E= interleukin 6(IL-6)9} 22 F3A AlC|E71RI0] insulin-like growth
factor1(IGF-1)¥} 22 @4 P 714 AAtAY HBAZE A Z 22X
A2 BHS JAlstL 259 Y52 oPIE & AUth
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(2) 28 f(muscle fiber)

Oh T&HRe) FHs)

BRI BATE THUR IR TR YD BHAA P 2845
Ll 12~1541 Aole]l sz S EA glon WaAor F 289 I
A71= 244100 HdAe EEshke Ao® dA . TR T2 kool met
Zashed] 80MOIA oF 40% 24 © T84%9) o] SIg oleidt 4aF F
5% A= S0AHA] fdeke AoR d#A glom tiFERl 35%= 50~80A]
Apolol Urehks R FeA 9t

[e)

(Wh F=A4/9 AR}
wslgold 28R 27 AV T 9ES s A & 9ot
aﬁwo,] A WglE 383 dQlo® R4S Stk I8Af= IA =94
o}l—« AlB(type D #lEA $35h= Z112cé(type Do thdch =919
Fegol TaEe 289 fiS £42 AY 2549 aet a dx
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= O
TR EHF ¢ e O] AR OF 34% 7] Aele A0 R TRE QL o] 3h
3} (excitation-contraction
A
[e)

, AAES] Helo] whE

A Stk TR Weojof] mE el A sle] 7Y 2 B2 710l <fs B

tjApdgto] WS o 5 W] X|Hjo] =
A ZEE-L tumor necrosis factor-e(TNF-2)2} Z-2 IS4 A E7IRIS AJAI5H]
BH[5HA Hi &5 W 9T TS Uit E3F A

oplstal FRrHETS W= Iesl oV oPIE & Sl

H
=
m\u
i)
ol
>
o
)
i
e
ofll
filo

@D PEZE=Eot 7E

o5 AlES] Leolof] wE 8% WHok= vEZCEol I W 7|59 ool
HEZCeol= ATPY Aikshk= AA Wl 83 7|5 FEsHL UoH olQox
EAJAA(reactive oxygen species, ROS) AJAF U E3}o] 9J3t o5& ZAdHH AYA|
W $E2 4T Ado] dofsta ok ESARolA k3ol e ofg] Halo] o5
nEZEgol M Eo]l AstEi &4H mEZCEore] FZo| op|Eof
HEZCeolo] 7]50] Aste= Zo=E dHA o ol I89 759 Ao

U

2

(3) 299 s}

289) gt 22 304130 Feh Bk 40~505 olFHE LL gasher
Zejo] 8ol vls) o 29 Hxw gol Lasted, 704 0|57k HE Yt P wE
7 ojgmrt of 2ujH WE SEE Fadich AUHOR TFE 204914 904
Aol oF 50% A Zhagck
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b S g 28

g T AollA] 704 o] kel tiite s il 3 HAH0.8 g/kg/day)
o s oulae HEHskal S&% H|&0| 74«] 40%Jcka Lo}oﬂouq SELS

L= ]

Sl 20099 HUFFEAC] T 654 oW WA, o B S0 20108
TS GAND A% ol ) wael 243
H Al 22 o] et 89] &g Asft

A SehHs BaEe 45F HHstoRI.

2 ohol S SYFAIIEE UL 5 oK A7A

Ugtor] 4149 kel Lol AvnE St ok, AF 271 WS,

Wil B3 ge Fgo] uehd 4 gtk med Pmdom Wy YHPL

ﬁ
40

o
D)
o
-,
,
1=
i
o
il

B Agee AHste Aol Fast Hdol: wwduel 4t
TpaBol ST ol K JURE Feslthn olAXL Ytk

(Wb vEZE=got] 7158 A (mitochondrial dysfunction) & Ak AEFHA

(oxidative stress)

H|EZEd]ol DNAS] 4tk &40 oJsf| op7|w= v|EZEg|o} 75542 3}
IgS EXlol= F8. Yotk o8] P QI HHcross sectional human studies)Ol]
olsfl HEEEzo} 7152 AF SVl wEt Atttk Ao AFEUH, nEZELot
7159 Aole @il P8 AAE SRS TS EE RO T Oq:r’(Baltimore
Longitudinal Study)°lA= 4204 RlEZERol 580] At B4 W 4135} 5
A A 2 29 Al ¥ttt AS HoFla, A oE %7—5.%

nEZCjol o] Fae b9 HYY &5, 12k 71 9 a5 Hclo] dckar
Husiqlth, 2445 MY BdoA T nEZEEore] A|lZARE £ QI
FEliera] #3} (fusion and fission), A5l ATPO] &J3fl Rl AfUfA] AEHA,
8 7+ Hof mEZEEo} Vs Ie 24 Afole] WAt Aol Slck
HojEd ol ZATOA AlSh AEF AL WHSH dAE Editkae A

Ol:ﬂ—— =9 _]o]o]rq. §]—/H/\]—/\ ZZ 0 ZXZ]
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2o} DNA 4 18] rlEEeelo}
se] Bas gick
qsamol

A 22 71 5t DNA 48 23519 telomere ©(shortening)<
IE
AT
fae

=712 ouls
olAY 71 A AT v E
S>3 T4
FE]Z(cortisol),

TR,
=£9 9
2l IGF-13%+ FAInAS =311
B4 2 E(testosterone) oI T =& estrogen) AR} o] wisiel Ad
|85t 322 19 ohld Al =35} zgHul ohlgl
AEA Qlth klofN &3] k= 1GF-19)
A=A Qe FEEY
253 SRPJAE A
]

R
]

EQA o BAEh YA

e} ohje} S 57

].
Agkn L

FH‘:
F(‘

R
M, BUE 7ot Aol gtk
250] R T4

-
=

S
(i

T
1 7

>

QckaL 2elA ik
olakagol e
G Aol S7hek 8w
EREE L
47 E2R/IGF-1 2% S0l 2 xamh 28] 7
3 0|3}/ 58t A2 B
welst g1 AEE Hoh &
ol e} W 194 ZHshe olefdt Wsks
8% Hama
s ) gk
Shchal

<

2 =17 271 =AY
o] A HAEAHZL o
AT Az Eslul= %
29| 7k I SAIHY LA QLY E o2 AoAs A
= 2Eo] SR
o A3t dAHoRE

=]

i LY
T 9B

o

=R
A|227F A %

Qict JAojA GAIT 2 0] BH]= 304
8 HIAEAEZA
HARE &5 diAellAE S8
U=t BENI D= 5 Al W B[ER Do =849}

&S 4% ols= AT |
=8 2F5} (proximal myopathy)7} Ei1=3l Qlo™

AzolA] 28e0] F7HkL 3
[ekIDE TrjAold F83 9T
S
ot
£

H
AL QU of2] 7]%o] Aa
Askslo] thA dHe 27|11 A
HIEH] D 23R4 &3] 9
2] A70F type Il LEHROIA F2 95 A7do] TEHY
Ao E71RI
FZ 94 A)EZRI(proinflammatory cytokines
Hl 2 (myofibrillar protein)9] H3i&
ARE FISISIH TNF-a= of2] AZ W
Rrrotal NZAPE
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CHR:S
In vitro, in vivo ¥-ofA
Rt
o5 Al
R Bort X1 HEE
Mol Al TNF-a7F oA Z(myoblasts)©]] "Lﬂﬁ}"q
T & Z851Y nuclear factor kappa
A4 07 TNF-¢O]

TNF-ea, 1L-1, IL-6 5)2
WY G gaNA AREoR
AR BASHte] FuIAE o2 o
wakckn A gok AE 9

7ol fuIAE JEH Bad Bopt G

B (NF-kB)Z BA8HIA ToPEe] AEAFES A5 o5

=

o
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2= NF-4BE H|E/J3} =o] AlZAPEE 2= 848} "ot 53] o]#g TNF-«
A% AgAIA L] WMol T84dRo] Sl weth oA Ue=E] 53] type 1T AollA
Hoth 2oz vyepdtiy BaET 9tk E3F IL-13 [L-6 & e 9%
APIEZIRl GA] TNF-e9} 22 7|1HoE 53U FAs = A= d#A Utk
LT Uol7t S7Hgtel wet S71sk=s W A ojeh shtEe] 3% /8
Alo|E7IQlo] F7toh= WA Ql W2 HZ(chronic low-grade inflammation)©]

THETe] YdoR oHEI Qlo] kRldM Y ] A Exo] weae FFHR}
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(1) 224239 39

ZHAS(sarcopenia)2 128|404 7]¥438t muscleE E5k= “sarco”9}t
ZAE0] Qris Z9] “penia’’t IJE TolZA Z7|os Z8TO] 7HA
=ototo] =QE AR F&TFo] FRSHA Fast FHolM = 23 7|5 5]
B Be L ol Bt Al B7] Wil SSFE ofd=t ZEat AA
715919] TA7HA] ZEsitt, of7]oflA “Hmuscle) olgt ZZA(skeletal muscle)<
OJulstyl H&E (smooth muscle)@= A7 gl

@ 24z A8
20109 998 &84T 7tol=8Rl(the European Working Group on
Sarcopenia in Older People, EWGSOP1)IA= <y B £ 8 Ak
7120 28 848 EFste] I8 et ofyEt 283} 7S Xd 7|0
Ieigg] FJO*E} o]% 20184 7|0l o]FoiF en EWGSOP20IA = <8<

A ®EZ Aotal 28 Asi7t &Rl%H probable sarcopenia®
7tE 5% AokE SRIstd 345 0] SR By £
goto] 2HAATY STEE HtYcte AEE AASHAT
20134 ofAlop A 1E(Asian Working Group for Sarcopenia, AWGS1)
NN THLFTY A 7|Ee] AAHUAL, 20199 AWGS29] <Jshd ¥
AN THAZS SRGI= AAHL 28 =3 AH| 7]—‘:74/\} lﬂ"’ +S55F
50| AStE £ KA 7)50
A, S

ﬂ 7HA] 4‘1/\7} ‘:} —rxﬂ 7k A

o ook
S
N
AQ
rud
24

o & ri H:l
E
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_IIN' r JN

[EX: AMG. 2LL52 Foot T 7IF0l thet B2t 22| Z|4SE. Geriatric

Rehabilitation.2020]
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H 1. 28 71540 gt Hi0|20AH
FH 7158 g1k
T = Ht0|20tAH
/n vitro| in vivo |Human
AN Z(satellite cell, Pax7") S4z24 0 0]
chel R b4 T Al AT
O]Z]-HHX] 12 H 0O Y1 v =
—::; T '€ | (IGF-1, Akt, mTOR, SGK, 4E-BP1 5) | © ©
%73 ’67]'
+5E0 B AsHY 0 o
(MyoD, Myf5, Myogenin, Myf6, MEF2 &)
Atrogenes (MuRF1, Atroginl) @) @)
Forkhead box O(FoxQ)3a O O
<5 @& | Myostatin o) 0 o)
23] o
Cathepsin LT} proteasome activity (@) (@)
Inflammation
(TNFe, IL-1, IL-6 & cytokine) o o ©

23|



158

Tt 7101

EN Jtstt A
T = HI0| 20}
in vitro | in vivo |Human
LSl A Z2g S
ABhE AEFA damage, MDA, SOD, CAT %)
ol
2 mEZ=eol 7]5(OCR, ATP 5) o | o
o (hand grip), ME€2|7](hanging test) 0
=
5&A4-25(isokinetic exercise)
7oA A 25 Bl E 2|(SPPB)
Hy&nr
400 m H3j
ALA| b o=
B oua
I R
QAo A 53] UojAl7]
dojA A A7|(TUG)
ZEIZE=(rotarod), EYEY 5 O
LESAHHMHC [, 19), 53 Ade v 0
+5 0
545 F71 o)
+59 /g 5 29 gz 0
Myosin Heavy Chain(MHC) O O
=5 Y triglyceride & @) @)
Sarcopenia index O

% FHAA R

C2EESY 4/% D)

2, dA1s(ESS AT T




Lt HIO|20HH 2E

gEsA A8 Bl Bge 4¥sts 28 9wy w4 371 28 Wl
wololA), TlMel MstrEdA oA, 2, AAE, 289 F, 28
B vl onpAz TEY 4 Yt

o)

1) 2% w98 34 371

h YN E(satellite cell, Pax7") S4%Z

459 E7MES Ede= fEAEe AR 25 A4 A9l nucleusd
SEULEN 259 A & W] F83% 4T ot Z3 AT 7] A H(basal
lamina) Atolo] EAst= HBAZ= Baol= BEd JHE FA==H, 947
22 A=l 93 BAstEC] MER I&o=m EIstAY, 7IEY ISRl

gaote] 2852 A3t o] W Pax7(paired box protein7)2 HARRIAZE A
ML) 4] 2ES St A8 F8% 4TS gk

(b @A 4 B ASHL(GF-1, Akt, mTOR, S6K, 4E-BP1 5)
AAAQ 242 Y A BEsfAAEH (proteolytic system)= TS L3S}
27|19 FHRAE HESH] fs AusHA FE=HoA|H, FAEA
Stof| A A7p Al Z|&2 Q1 Tl A3(protein turnover)s &5 AlZ W
= 9% A8 Bk SHAIRE, k3tE ZAZONA AAIE AT A A0
2 Ago] &40z Qs HEPgH dwd SHos Ax P BE FA
= ohaet AESHQl AR S ASHAA FSAAR] AT oFsto
ek IGF-13 l&ed ZHEo=
phosphatidylinositol-3-kinase (PI3K)/Akt 25 Fo] <82 F7|= X4o]
gt 53] o3t PI3K/Akt7b EA4StEo] I oilE S ASdhe
mammalian target of rapamycin (mTOR)°| A=< ¥o ™ 70-kDa ribosomal
S6 protein kinase (S6K), 4E-binding protein 1 (4E-BP1)9] QIAlsH 28-S =3
e AR SREH

b I SSE TN

125 |
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(th Z=-23139 AlsAG(MyoD, Myf5, Myogenin, Myf6, MEF2 %)

2983 (myogenesis)= TUHTAEL ZLYPJA T S£E2HS T}
oade] ZdE FAEE IS I HAA H71/FA7 AER
M E(Pax7 MyoD )7t A=oll sl A|Z2F7](cell cycle)Z EC17HAl H
TS5 AARIAH(myogenic transcription factors) & GAF TSGR EJIARE

HEH5+= myoblast determination protein 1 (MyoD)2} myogenic regulatory

factor 5 (Myf5)9] &do] F7t=o] SAHA "t S4E A=A Pax77t
T4t Hi AAEE ZSoPAEZR §Ldke 9k St o] uf o]z}
LA 2 - AAR] myogenin®t Myf5, myocyte enhancer factor 2 (MEF2)7}
S7FHA Hed SSoHEE ZTHAERE 37 IEE S

2

fEornorre

ol

(7H Atrogenes (MuRF1, Atroginl)

O MuRF1 (muscle RING finger 1)

MuRFI(TRIM63°J2tal=: €2 <= ©¥idE Essk= E3  ubiquitin
ligase24 MuRF1o] &/43teH L950] TE= Ao=E d2A Aok

@ Atrogin-1

Atrogin-1(MAFbx1°|gt11%: $H2 MuRF1¥ &7 <L Eo©] E3 ubiquitin
ligase2A IS5 27NN RrEHol 5T Aol AYske
S7/hte ez EHA St Atrogin-1°] 28H FE2 <A AR

Zt=t, °ol= Atrogin-1°] &9 4] E4L Eth= A2 UEHdH

(1}) Forkhead box O (FoxO)3a

£5E BT o7 AEFA RS A 8 24, B3, 343 2L A
2 oI ofef A Jfpel ISk Forx0%l BYE Al 28 v
SHAe fEste] S ATASAAS ke oz A

FoxO9 E4L AZ 1§ mTORY & oS Eal AL 4o JaL
Aoz gEA 9tk EF A4H9l Fox03a®] BAL thild Rej2 fratol

TAESS FEttE AS® IHA led, FoxO AARIAE MuRF1 ¥
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Atrogin-19] @A HrdE JT7IAFAH AT J=S st

(th) Myostatin®} Smad

Z5oA AAE T BEEE myostatine transforming growth factor-g8
family2 Akt /mTOR/p70S6K AZAHE dAstd ZAZE 5L FEot=
oto] @ 7FQl(myokine)°]tt.  Myostatine  Smad2/3  FARIAE  j7ls}o]
FoxOAAE E4351sto 24 MuRF1, Atrogin-19] AAE &7}

(D Cathepsin LI} proteasome activity

45 il Bal= Gu]FE-T 2 H ol (ubiquitin-proteasome)¥} ] HE
B2 (lysosomal pathway)?] /st o3 wi7j€et. FR|AH-ZEEH oIS =
FEFAY ddaso] o) HxE o] fH|FEo] AFEHW Z=EHokEo
olsf| 140l Eofix= TS ulstH, 2lEE FE= 2EE B4Rl cathepsin
Lo ofs o] EafiE= AZ Qu|gitt.

(WP Inflammation(TNFe, IL-1, IL-6 & cytokine)

AS AL A|EZIRI(TNF-¢, 1L-1 9 [L-6)2 T A|hiAo] EaiE Exlstal
Tl S FaAA APH R 25 ARE FEUT TNF-e= o8 AlZY
JMAEES BAHTAAA FHIFAE &2 &id Z57F £4 HEE {Estal
MNZAPEE sttty g4 Qo 1L-19F [L-6 & oE 945 8 A|EF]
HA] TNF-aot &2 7|1 02 4T IF2 v 222 d2A Aot B W
Aol S7t= BEREN o5 T AR|ETRRlo] S7HE o] THdAQl W 552

dZ(chronic low-grade inflammation)o] <7452 ¥lo] Htt.

3) ZHoIAM Atsty AEHA A

TEAZOA B ATt AGEHI oj2 s Aehy AEH AV {FEE o

THAIES] &4l FTE.

27|
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(7hH FAE ZAHROS, TAS, 2FEFERZ, DNA damage, MDA, SOD, CAT §)
@O A4 (ROS)

A oA Ats} AEH AL HEdt ROSE AAIAIZITE ROSE superoxide
radical (Oy-), hydroxyl radical (OH-), IS4 (H,0,) 59 o8 EXES
ZglotH DNA &4, dlida) ]2 9] As) Al 9 22]9] &4 Lol SZAFI
T2 TG A ROSE &% 7159 AofE dov|= 593 g9%lo] "}, &

N9 AjERIQ] chlAa}t X2 DNA 52 &AA AZAMES §E51H Yozt
23S 5| ot
@ Total Antioxidant Status(TAS)
Aol EAot= &AL dis] AA 2
A A7 #2545 9 5o E4AAE Wolske 5Eo] Eh+=

Aoz
AL ou|gitt,

il
ol
9
)
z
pask
rr
or
1%

® SFEFE|2(glutathione)

SFEEHEL 7oA wEoXE 3709] olu|iAK(glutamate, cysteine,
glycine)o] 2 HEto|=2 Aotd] &4J0 2 HE HIT s T2 Ste F4tst
4oty SREERS MR 84, E44A 9 S AEE FEdlete
Hgof o] &H}. SFEEZS glutathione peroxidase”l o sh= A ThAL
28-S Aol €93t AAE Wol:™, hydroxyl radical¥} singlet oxygen<
AASH= gk st E5F A1d TAFSKHlipid peroxidation)?] o] Tojsh=d],

ol ZFEtE20] o8] FA4Z7HEAT AsHconjugation)S ©]F0] glutathione
S-transferase® Z-2 A49 Agor 4A¥oz HIAEHC AU =H=ES
Al AR

@ DNA damage

- Comet assay : 70719] HZ $Fo]A DNA &4S w22 A &Rlst=
Hholtt, A7]¥Ys ¥ EtBr(Ethidium Bromide)2 HAsie] FFdrn|Fdo=

U, DNA £4€ 9L A wile tehbd 93, waild] o] 9 rail)
3% w8 245k DNA 42 433 ¢ & Ut

| 28
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- 8-ox0-2'-deoxyguanosine (8-oxodG) : DNAE #A5k= ¥7] % guanine
A1) 88A) IA]of| U= AR Y] AR oju 8-hydroxy-2'-deoxyguanosine
(8-OH-dG)7} A=t wehA 8-OH-dGE] ] 42 &4 ASHEo] gt Ay
DNA9 &4 A=E B7Ish= A#=E o]8E 4 St

® Malondialdehyde(MDA)

/gAtae] os] A o] AtgtE|o] A Ee AAUAL AHE (RIS EE) 2H
it ot AbekE S45te 71 Eolt

® Superoxide dismutase(SOD)

SOD+= superoxide radical (O-)2FE H,0,9F O, A4S &1isl= 842
Bg4ta0] ot Al E4l HiSste A HA o 2le AR

@ Catalase(CAT)

Catalase™= H,0,5 ARgsto] T8 45 ASRto =M AlZ HoA 2] H,0,

A2 YA =kt

(b vEZ=zot 7]15(0CR, ATP B)

nEZC 2ol DNAY] Aksta &4fo 93] of7|=& HEZEEol 7[R HL
L3} S X5k F2 Yotk 53], nEZEgoF DNAE Ay &4
g7 #ed, 1 ol vEZZdol DNAE 3 DNAY| H&| ARAEA
ZH5te] Aot E &&2FQ] WolAAYS Afelal Q7] fEo|th Hi
HEZEgole] DNA E¢Hols Z2Fo] e AAAGA 484 F=
REsto] AkshA QlAkst Aofl, A o)
o|AY SVt mEZE=g ol &/d4tA A nEZEEof

D
TEZEZoL 7[R kot T4ZoA 2a4SY ddste] BaE Qi

H
- J
o
o
oy
[
[
ach
k1
fo
o,
(2
[
o
oX,
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@® 2= (hand grip), WE2l7](hanging test)

Al w=otol] weh d53 Lo My st @22 Al
7R 28 oA &9 ZES "ol s, &£9] 7|5 E=
B7Fsh7] s g asit

AxFo| A 245 5 Qe wdE]7|(hanging test= AR 79 BE AK] 282
ARGSto] etofofo] mig® U= AlHE SHTT. HEl= AIES 5745t =429
715= Bl A B7HE 5 Qo] I&AFe g ARE

)

54 A(isokinetic) %5
554 50l 7HA= = Aglo] vlE] Ao A& E2 2ol 7]
o83 ¥502 WELE W9 ASHE E7HA] Hge] AHEE 37

0
o Ho
o

AE 71 = Y Aol ol §34 B (isometric exercise)olW 543
25 (isotonic exercise)ol Hlo L2743 A7t Holuth= Fo] ofg] A4 AF

4 2HE FAE B LA Ak
(5) AA71%
@ ZHolA1A 2% vlel2)(SPPB)
ARG HERE SA715S Bshe sAAAR AARFAN, RS,

ool Qolubr] 37b] FEO 2t SAiet 2885 07, 5Bl mret 1A
4RSS Rold) 2 BT 48K BT 4IPS BS 124 wHOE Atk

@ EHP&{=

HYPEL 5 St PHS HES S A" & IE5EH=E SHot= Zol
FAEs YHoE "2 HA HPFo) J=E ST ¢ AUth ES HPKEE
S5t TS HEF SA9 IS5 EolU dFE Tofsk=d SlojA Hw A
st At B S shyoltt. BRPEEE S5k TS vl ottt
AFAES EHE 2~10 m AYE SA5t= P ARESHL o, g4F 2<2lo]
A st 7 HQIsH by B3 & I (selfselective comfortable gait speed)?} 9HA
siohyl 7|HA FHoigt we] 2E & Qe Hd E¥EE(maximal gait speed)E
St
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® 400 m E3
400m BBAAE zto] AATFEAANE Fih S 24T & Utk

@ 6% B

® SJAto|A 53] AoJA7|(5 repetition chair rise test)

QA A o= T otFo]| o7 W == 75H FAola o]
=AU SHAEE Y 54 F30] 8= IAlolnt wEbA QAo LojA7]
+5E7HE &9 sHAEE Y #4382 B/ME 7t Atk kQlE2 SsHAIEE Y
15t oJR}of| Al dojA 7] B2 oj#Zo] YEte, o1& St A
SRt Al UojAf7]9] oj#FS Holal Qle=dl o|HTt ojEe2 A AlA|7| 53
dygt ¥o] ok & 4= Utk

® LoiMA Z7I(TUG)

19
@
[‘_4

~

e,
9
>,
x
rix
N,
rir
N,
re
)
ro,
offt
)
EN
ofl
=

! o]T5E S F2 AtERt HA

T e AR BZo7t e oAl gtot Azt e i A 3 m AR
=
T

g 2 & e o W Boleh oAl ool g A FHIE

o,

c

g e
|

mo

E

o},

seRE 242 4x50) AA7)5e Bl Wy F shtolt. shtel 2o
ZH02 o wEro R SHsls U ojA AARE "oixx ¢ 95 gos
27 "h. ol WRE AZe #§ 77 AA A, 123 LE8Smotor

coordination)& WHT = Q= ZLAZF "ot Aok Jidr A] AQF AR&oF QIsH

Qo] 2% Aok W] 915 B A 27] BANA A% AAGHh EF=
A BEAHOIA 2 Adolo] ME 9] 2T SEE YR £AOE
Z7HIAIT B2 S5 49s] BEol AN © ol B4 2T ) 4¥e
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©) 59 4/Z5F

D ZHEFMHC L13), 257 A= H&
LE5(MHC 1,11%)
Ao Eote IEARE A YA £55te A1B(type D EHHEA
ot A2P(type IDSE Wdrh kRloA 9] Z7AFoA BEEE= 289
A5 4L A2¥ ISR A4 AT ok A Ak mEhA 259
2 A M AE F8T AP 282 FET S s U £ ol

wSE AATAAR FE GEe Fud, B4E wole] A9 sz
97019l AAge] 5715 Uehich whebd wsh Qg AR TR WSk
cgerel hact gl 571 & 289 Aozl Agolzty & 4 it

A7 BFGEe F2A 22 W AYE FHL NFSHOE Td G

O = o =
= Ao AHAAS A}%Wl %7 w2 Hado|u Aotof] AH-87HsstH
HHEE gl 7Fsste] $4A7-(ongitudinal study)ol "¢ 2gsiet. E3F Hold
ARZA R E B9 &5 £ 4 °9Hdy 40| &olsir.

@ AFHFSEEY(computed tomography, CT)

AFEESEIS AIEEIdL 2ol 4349 2 9 AE S
HIRGHoE o G 4 ok #WE Ao JESe] 7hestal 249N
7TINZZE we- Stk sHRRE HEpRARES ARESH] wiEe] mE 518 "ol
Aoz ALgafor sk o] WA W= E 2 Fad D AojofA Aol 23]
Algtaole}. ERt AR EA] R Lert W] wiZo] 2229 o] UF AjtAo|tt.
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@ o]FoHA YA EFTH(DXA)

=24, AR 24, A £20] olF X-A AUAE F2lA7= FEE o8t
Aoz ARG S AiM 7P FEdsitt. MRIZ ST ¢ &2 AVt
ATHL A=A AL WFH R B2 AN AR AA Hold 0w 445
Ak o2 AMGENL Qlet SHAIRE DXA 42 259 BFolu 45 Wl A 3t
Al ZF0] Hd 8% Id SHH= AtHE Ao

@ 257 S

AT AT BPolM 2gube ¥wd bHskaL, WA RAPT leH,
AR 229 JAT7F 511, dynamic testol]l F-85HH, AEstaL, F-2 A7t
44 4L+ A

ot E3F bedsideolA] AAE SA] ERIT 5= U= F7F FH =0l
At o == Hw EAIA AFHY 5= AN, I = |
w2} of2 7HA] probe7t B8 4= 312H, image?] Aoy Axte| sfjAo] AREAL
o} g 4= il (user dependent), low muscle mass©] gt A2 7|&70]
o 7HA] S EA] gk Folt.

® A7 XS (BIA)

AW 22 A71AR1 HHZ o]&st SHdt= 7Ie= AAd vlAgt ARE
e O &, A%, &5 oA ARAT @ Mo 4 g=A Yeh=
1S ol8sto] A7) APx|e] S0z JhHsHA AW 8, AR 52 AA 284S

P ATd 8er AR, & AR A7AEOAY ago] WS EolA

ox
i

Aol ohet 284K F7] W 2LHG

T gasH "o ol2fet Hokes 28 HAg oA sto] LTS ST

AR E 2UARLE B3 G5 Ao Qote] DRAEE Lajs] Hv, 3,
Rote AEU L, o A2l 5o gnd Adie] et} B2t 44 4 9k
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@ <5 994

459 @HA(cross-sectional area, CSA)}Z ofFed dwxdz A2tz
g = 7HAE udn siRehs dHAe 259 Aol #AQd 259
SuAL ousth Aot wwde 284 4dd 8¢ gudos
Bqoldnt. 282 s dEAEns Aoty duAy o "HI #Eol
A=, Aok g2 Z59 £53 FA0 2449 4 Qe dd-redl
27 nexe) Aojsg wgsls] ool

(W) Myosin Heavy Chain(MHC)

ZA 20| A5t MHCE= MHCI, 2A, 2B¥ £ isoform= 7HA|al Q1o
ol AZ t&E EALZ 7HA| 1L k. MHCI2 4H8H4 R oxidative slow type)°]il
2BE= ™ &glycolytic fast type)2 =, k3Pt APLF-E &3 AHARY

0] Q=o] dojdrty IEA Q0o fast-to-slow= MHC H3Htransition)©|
o
=

(Hh &5 Y triglyceride &%

oks AAFEE RS FE ¥ T, B k39 AL stHE e
AR AAFe F7HE et oA kot It AAFAgARe] Wik
THTY At AT 7L & 459 Ao ro Aol & 4 QU
45 W AL S42 AE B 25 24 W SAH triglyceride®] S0 =

7hs st

(AP Sarcopenia index

o

@3 creatinine/cystatin C(Z ot /A AEE C) v &S Dol I85F
B7Fsl7] fs whEolRl Al A Foltt. AR €4 AotEdS 45 oy
Ago] voleutAR & & el €% v A% 71sol 2A EsHA €
w2hA o] BlE2 AR 7159 & HE HpoleubARl AAEE CE FFotEd
BFEo =M o2t FAE Hstr] A3 =AY, Sarcopenia indexe
A, oY Fret AUTAE UEle ARE HAEH

k)
>,

S

Ho o

>

| 34
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2. HIO|ROH &Y WY
(1) 2% 99d Py 57

D AAM E(satellite cell, Pax7") 24122

AYFEZRE 288 &S F JHAEE Bt 4 2 By
=7t

(b @i g4 B8 ASAG(IGF-1, Akt, mTOR, S6K, 4E-BP1 5)

AR FHS 24517 Yoto] LA R 52 ZLFF O ZHE total RNAS
FE5 &, HA S A A(reverse transcriptase)E AREolo] cDNAS WHET}
T4 cDNA9H ZHzto] §AAPE primerE qRT-PCRE £Z3 & (AR
9 g 2%t B ZSAMAE Western blot2 53] 23T 4 ot
45 24 Y IGF-1 32 84 HASHH(ELISALE FIFstAY, Western
bloto.Z HHHFS At

(th =& HH A3 -E(MyoD, Myf5, Myogenin, Myf6, MEF2 )

TEME 22 559 FZ< W myogenic transfactription factors &
A 9 A o] HES qRT-PCR 2 Western blotting W& &9l 431

TEAE B IS0 2RYH BEed &5 d¥EE Western blot= &9
=

25 @S Western blotS E3f
.:I

(th) Myostatin®} Smad

THAE e IS0z E £2EH I 9UES Western blotZ &3
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W

Z4otAU, RNAE &5t RT-PCRE &0l HEHEE ST &
myostatin BHO|A @ol F7HETAL AHA Q7] WEe] A W EAs=

myostatine

ON
o
N
30
o

() Cathepsin LT} proteasome activity

TEANE 52 FE9 FFE W cathepsin L¥ 20s proteasome activity

(WP Inflammation (TNFe, IL-1, IL-6 & cytokine)

R4 EE 529 2824 AolEsldl A4S HoWdRgYos
oAy RNAS F&6to] mRNA BdE qRT-PCRE Fste] 74753ttt
el A9, AHHA WHE olgsie dol oleigo] 9yl HEe] ol W
peripheral blood mononuclear cells(PBMC)oA &AHISAH

sk glo] Yukaoltt,
(3) LAY Atk AEF A o7

D FAEF HROS, TAS, ZFEEL, DNA damage, MDA, SOD, CAT 5)

ROS+ dichlorofluorescin diacetate(DCF-DA) £41%¥-& o]-&slo] v|FFEZQI
DCFDA”Z} Al22 W hydrogenperoxide®} &% peroxides &4 A] ROSO| 23}
AtetE|o] 2EAS te FFRAMS o8t =FEE-E, MDA, TAS, SOD,
CATY &AL A83td kit 9 spectrophotometergE °]€% 4+ U
damageE 9I3t Comet assay % S Fh7Q] ME 404 DNA &AL
A gRlst= WlHolth. H7|Q5 F EtBrE FMste] FFdT|F e
DNA €42 92 AZE tail2 YEPYA H A, taile] Zo] 9 tail9] ’Eﬂ%
=75t DNA 42 A3 & 4 A E3F 8-oxodGe £, Y
o] 7kssltt. DNAS 45z 971 ¥ guanine 42 8R4l #A]°l| Q=

o

© oo T f

N ’
ol

[ =)

>{

_IE
K
>,

&

v}

le
0.

SAbst71 9] Aksl7t Aoyt 8-oxodG7E gLt wekA] 8-oxodGE] HHFE &7
g4 AstEo] o3t AW DNAY &4 =g Hrishs A EZA o]8E 4= Qlth
BAHAHEZ o]&sto] AL 4= UrHguanine] C80] AFg}E]o] G7} T2 A==

puch
ffo
A
o
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() HEZEFot 715(0CR, ATP 5)

Oxygen consumption rate(OCR)= Z3AZY AP FEZHY E2d 285
7FA| 2L Seahorse XF96 analyzerg AM&stqd OCRES £4%th. ATP content=
ATP synthase enzyme activity assay kitE ©]-8otc] FA|HH-FA|HZA 7|5t
BE WG £HoE &4 7hsoi

4) <9
b 9=(hand grip), "ig=7](hanging test)

O =AY

- j22)7)(hanging test): B20] RE X 282 Aol ARz sojojo]
Mg Qs Ak 24

- Bioseb Grip Strength Test (BIO-GS3, BIO Science and Experimental
Biology, Florida, USA) : A¥EES &¢& HAZ HAFL+9 Barg 1L
AERHE 49 0§ SHHL 222 FSw,

@ JAAA-EAH

Corde 24 Wi wolel Suol7l gl oXE olgsiu, 24 At}

22 4B AL, Ot B £BL UH YAE A2 F Sk
o}

(W} 5&5A(isokinetic)&5d

O Contrex dynamometer °©]-&

EAEZY 2382 544 AH(Con-trex MJ: CMVAG, Dubendorf,
Switzerland)E AH&-sto] S74ettt. W i &4 A9 SAE AA 9 FEH
S¥E 9] SRsH dJH AETs= 00°% B S e 25
80°0llA4 Al1A 10°, F4] A| =S 60°2 A3t AiRte] &38d 55 5
gRlste] o] okl & 5 ARXHL A 7|2 & 85° 7272 YX|A]7]
HEL vie AAHET 2cm Yol Y
1942 242617 fiste] FHe} EHto]
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a3 14, 548 2538 =% (Contrex dynamometer)
[EX: J Arthroplasty 31(8):1711-1716, 2016]

@ BiodexTM o]-&

- 554 5 A A= BiodexTM isokinetic testing machine (Biodex Medical

Systems, Shirley, NY, USA)I 72 7]7]& o83, #HAAF A RE
o PAoA A 583} 71A 9] As Yo el A¥ste] EEHAF Al
o 3L WIS E wWS3th RE HIAE = UE R AXE
[e]
o

wowl, 23 A A 1087t UEHE 852 A7 F 9 (dominany)
=52 94 gAst NEAE V170l BE AAE g F ben 3w

kel

kR
Jzow WEZ Hgso] A THAYL, TS 105 HE T
o 7‘51 Q

[e)

255} 3 e eATt 29 A4 B SERY HHeFo] YR |

L ooa ZEsge] uXE 9% WA 98 A mEAs
=

mnExte] edd ARFE =9 AAY AdMY SHde HAAZIH.
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A 2ES sty ATt =¥ £%9] 300/s AEEANAY] EAHARY
g997] 2 HZ 59 HE JELE Ao 874E= 2EE gt AF
90 ofs ZAHEX 9] LFHAE AAIRITE WA 30 ofs ZHE AARIA = JH
AE5S MKl T, FHo AmolA EEEEl
AR(EH =), SHEAEF), WH, ¥ 252 47 534 APste
4SS 9o 900/s ZAEE AAIAEZ FARE Walo®
EREO Ad, &3, W, 9¥ 252 72 1034 Algsto] S35t

o)

a3 16. S44 238 FYA; Hi=2, B; gHtY =2, C; WHZH, D; #I)

[EX: J Korean Foot Ankle Soc, 19(4):142-150, 2015]
(5) AA715

(7h ZrolAlAZE viE 2 (SPPB)
SPPBE oHA7]62 B7Iot= SYAAIR AHAZAAL EPEE, RIoA
dojp7] 3714 FEo & 7+ IAntet £=PES 04, Aol wat 13704
4A7NA] H4E o) ZF IAG 484 BF JTRS FF 128 TrHo = st}
- YA HAKstanding balance test): AR8dd HAR=E FLARA|(side by
side stance), T& FHEA|H F&2o] 2 I A L7 ©7](semi tandem
stance), ¢& FREAE & T XY ol A (tandem stance)E
10& o4 FAIE 713, side by side stance®} semi tandem stanceE
10% ol 217} 14, tandem stancex= 3~9% 17, 10&% o} 282 9

TS 48 0= it

139 |
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- BPET A AKgait velocity test): EPEEE= 4 mE ALY A= Ao g2

= -
2 Zgsio] W2 AZHE V|E02 WA SuEL 04, 872 27 14,

- YRt Aoj A 7] AAHrepeated chair stands): SFA|
28-S 71 AMR 53] dojA7E BHE sk AEE 2(9E H7IEIT 53]
HHE =3 55HAY 60 o4 04, 16.7% ol 13, 13.70~16.69% 2
11.20~13.69% 3%, 11.19% o|st 45 0 & B7Ietrt.

M)
ﬂé
>
i
P
fjo
N
B
o)

ol

() ByP&E=
- 9F B YL (self-selective comfortable gait speed): Sy EPETE
5745171 Yool th =t ERlo] 7H b strtal || A HekA 2
S4% 10 m 2= S$5E 13] A5 8S AX 3 33 WS4t B ak2
ke

WA o] #UHE Atk AlA 1 ol FFE Ade AUE
=743

| 40
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@) 68 By

Dol Arz 2AY > YES B9, 2 Azel ookl 3 %, D 59
57] Holo] o3t 08E AAs] Hstel, de ARt AHlM F8W
EPCART ol A% SHAL)RS AHgT

(mh) A A 53] AojA7](5 repetition chair rise test)

o7k 9lom ZHo|7t gl 9RHE=Ol 43 cm, YAt Zo] 47.5 con)}E ARESITE
= 7ksol T 713l SR vrEA] ek A oA AlRtolele TR Al EAds]
T OA Ro] ek= A 53] WHE dstal, "R 53] doiATE
+ S A SAsAeH, AT dojA] Hsl Sol 2AHelA

of A7k S7g0] AFEAL 53] 7 & k2 AAoA 5ol ¥

(up) ol A A7I(TUG)

QoA A7(TUGK: 7124e) 5439 2 ol55de HL AT 53 47
49 2 9 d4m BaoVh 9 oAel got ek B oA 3 m

o BEE 3915 9 4 o 9 W Sobe} b ojxje] gk AIZke SAsHE

Holch. uheo] o] g o] g5to] Hayshe Aol IRk S HASIL, AAK:

WA A Lot eIt P A QoA B sl

= JlN

s
0%

(AH ZEtZE(rotarod), EFEY 5

- 2EFRE E(rotatrod): B=0°] 7K5E+= rotating rodof|A] Bojx|&=d] AElE Al7HE

ZRFoRN FIAZ, &5 J&5Y, 2 2729L Y 2559 52
=43},

Edey: A¥5Ee B 4Y A 29 5 QAARE 2 s
EEDe] AAY. & APl DH SER AFste] F2o| XA



AB7ISHE 7158 87t 710|=

f7HR] {8 FTHAZIHA Hd £ Ag 2 AR 430 54
24 T2EZL FE9] AAYolE 1sto] £33t

6) 59 4/35%F

P SSASMHC LI1E), 283 A9de vl&

O 2S49(MHC 1, 118)

AZ &2 559 &4< W I=4F MHC I, II¥ isoforms®] FHA &

o] HAE qRT-PCR ¥ Western blotting i< &of =43t =
<5o1A4 MHC Erle] wdzZsiel dMs st Isdw Bl +4

S
of
18
i)
>

(0]
i)
N,

)
10

1=}
HT
)

7 9 53 AW Hl&2 CT, MRI, 2% 5& & 38T 5 Stk
= o
h -

A3t J|& Zx(echo intensity, EDE= <52 A(muscle quality)S

23l JlemA 58 4%e wI Uk Bk 2do] 28WE wASE
gols 58, 3 SR 28U B9 Qe °1ﬂ1 9 wlg oujshd),
a9

A4 WA FANA Al nEIE sl AHoIH Botol AF
AEste] A4Skt AmE B 2BAA gue Adsie 234

CTE B3 28 R4S 9% 39 ojx0] 283 WY, oS 489a
AHlo] A (Aquaris Workstation; TeraRecon, San Mateo, CA, USA)& ©]-&3
Gyt AR HFHOR BAUG B FEY FoE vMDIRIYA
(micro-CT)S #8531} AW AW 4 28 298 24 & 9k

|42
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® o]FoHAFAFAEH(DXA)
Lunar PRODIGY(GE system, Madison, WI, USA)Q} &2 7|7]5& AR&3ict

/\]ax}‘gg 7HE RAES o & BE AEES AASt, HERE EETA
AEZR B FFoll A AAE A= 10~152 A= £29FHH. A2
InAlyzer (Medlkors Inc., Korea)g &&oto] AHYA Fof E= wheuby A=
AoRgls Aol AQEEEAE, 5% A 5= SIS 5 Stk

@ %21 =4 (Ultrasonography)

72 AAE 308 ARE SAE Aot A | A S "ARY 28
Aefsty, Ho &5 F7/(maximal muscle bulk)E 27| 93 WS A=3ct

Aot S 9, AlE(ongitudinal) 78 AHY A& AHsHA of= alF-st
tniaE etk 193 ddg g iof o] AH¥S AR, 452 WiSH 952
HAIRIH o] &= 7l uta9] 7+ AHS FAISH o] A[Fo] ZHIE
ot 221 probeE TSAF thdo] g5o] Al WeFo =z {FA|9it
oA &89 F7(muscle thickness), pennation angle, fascicle length®

ProbeE 90% &84 59 @ AZ S43tct. opvf &g Bhlo] ofd
o, 259 Ed+ AAR 502 I & QT ] Zd| JZ ol-&-st
Sy

o X

0

$

r

Ao e
)
)
")
frtl

o2
D)

2
)

o)
)
{

4

)
ot
i)

3!
—

L
(/-

N,

£

M

A
ox
ol
i
H
l
N
2
o
=,
i
T
f
ok
k1
el
A
(o)
1o -
od.
EN
)
]o
S
315
ol
L o

® BAA7IAGFESHH(BIA)
InBody 3.0(Biospace co., Ltd, Seoul, Korea)?} &2 7|715 ARSSich m@dR =
7HE B4 ot AAAN 55 8-S B AATT & AHAAE 2 oY E

oFt Ed AAIE H P ééﬁ]oﬂ 1% H ]Oﬂ Wz Zetd & 02 H=

W
QQ
N’
24
2
nqm
~~
i)
]
=
(@]
[©]
=}
—t
o
o
(oW
<
-
o
ot
X
\./
oS
r&"
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JIs8 7t 710l1=

I8 16. =34E 0|89t HEIASEZS| SEY
(RF, OHEIRIZ; VM, WSZZ; VL, A5EZ; VI, 32D
[EX{: SIRATLRSI3(X|, 17(4):1617-1624, 2020]
(h 5487 &71
TUNEZZE B A ZINEZE FAAZIZL F7I7F FOIAE AZRE
NEAGYFIM oz Fasty =43t o] W §3A(fusion index)2t
<@ A3 (myotube diameter)E FHT & AoH FFATE F & Hv
TN ZO| =3tE O] HAEFLE AXIEIA SHote IR HL THO FPS
=75to] Hdt o] AXit
& &5 9Hs
AYEEZRE By 28xAL mawgon pAHsy 2L HHdho
H&E staininge X¥stAY &2 18 23] dHEZ laminine®E WY 3
FAsto] dulg sto|A] JESH ARKEY & I8l WS =43t
(W) Myosin Heavy Chain(MHC)
I 3L 559 ZFZ W MHC isoformsg 4A @ ohizo] Wiy
A5k EE 2804 MHC
Fogsto] o 1A HE&E It}

A=
qRT-PCR ¥ Western blotting HHE 59 &
ofet JMES

ECEREES

| 44 |
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g3to] 2%

[e]

&
gkt B4 kitg ©

Y triglyceride

Hh &5
=9 FAZ Y triglyceride: °]3}F
oA Fgoteld W AAEEHCE 4ot [ A ote d(mg/dL)/

(Ab Sarcopenia index
g3 A|AEHE Clmg/dL)] x 1000 tidste] AAksch
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HYIISAE 7154 B} 0|
3. Al A Al 1Ak

b Algd AlE

1) AEA
C2C12%} E2 TUNEF 52 E8olo] TTANEZY £} 2452 F7IsFAM,
A EZ o) glucocorticoids, fatty acids ¥ hydrogen peroxide 5<& *&|5}

o=
THAE 57 9 295 /T o9 25 4425 duEe] Hds SAIH.

(2) "ol 2wt

2)
TR, Ea, AARIA, AsAEEE, diAMbE SOl ditt 24 # 29d A=
oy

) SAA=

AEEd Ao g2 wsl] s ez Ag
p<0.05 $EANA R4S BTt

p
tlo
of
X
i)
lo
l
R
=1
o,
i)
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Model

29 Z2dl(dexamethasone, AICAR & £&)
HTHg 234 Z2(QAFA ol A HTE §5k)
mouse, rat | =8} BA@A 7]E 18~24 95, A
REE5uhe-A dEHTE 1Y 5)

ol Z(cachexia) ==

T 7]E 22~30 €%)

(2) "ol 2mpA

de5ES ez 958 A7 A7 Foistel A4 Axe}t A4
A ®o] Hols SHTH.

3) BAA=

SRR ES SR
.

o2

= FAZCE vlaste] p0.05 FEAA w8

d

4

W=}
ot
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2
N
or
1>

. QIHESAIH
(1) AERIR
b AAAZEA)

O w82 A8 74" 4 Yk 28 949 282 = 5 UAS
50~85419] A9l

ofe] 247k BEX| ofsto] s A

O w8tz A8 A" 4 Yk 5 940 282 Z ¢ UL

© 50~85A19] Al
- o ST B2A ofstol st A
- AA715HAHSPPR) A7 988 ZAohs A
* HYPLE, 400 m 27, YA LojA7], oA A A7) SollA ZaT AT

gt = A

(h) A LJ71ZA)

85
AR %= G (S, HbAIC > 7.0% )

g9 2HEA] %= 1EUSBP ) 150 mmHg E+= DBP ) 90 mmHg)
- o9z HA Ajloz AAAHAFo|A FES B2 Y= A

O SFaEFOR AWEE 2
O Ay
A2k SHA) B4 olgolut £40] Yl THHLY A L HEuow
S%0] WaT ol o] Aol Y )
VAT : N7} BAg AR 9 AL B creatininee] 2.0 mg/dL 211 2}

- ZHEgh Ag7h st 2F Ago] QAY AST = ALTZF FarHe] et 34




ry
Ho
r
ri

(% ool oIo] 1A FORE SR B%, AU AW 925 S50 A
L oPEF 59 ol el ol AL B AZWAL Ak
(&, Z49% 0|99 3)REFe A9

=
&
Y
>
ok,
|o
U
)
ke
HT
o2
o,
s
N
o
st
;\>i
o,
H—I
1o
olX
o2
flo
ﬂ}\’l_'.
-
N
&

O }E=g
FEEE
- ARAE 47 oldlol] 7§ 2H|Zo|EA, RANAS2RAS BgUA}

- B FIESZ 140g/F(EFE oF 2.5%/F, oF 2.5%/%) ol HFlske A

:

L ABAZ 2% o] ZAAMY BAY AYISHES
A w3749 oluol A&H o R ofojzulol Aahy Lo HolsE 2
CHZ AY W O 9uaE At

- A7) o5 Aol FAPSL WeEs A

&% A

d
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(2) AIFAA
FEAuiA, fJoF 2L (Randomized, controlled tria)E 7]E 02 35},
A, A8, A, AR 59 A+ JH 9 7|REAGS RARGHL, ARV F
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- WFY Mgk 3 PR Aot 29 HER PEY 5 S
B2 A N, A7) F o & QA ghenl wR 2 Aol AR

=9 A= 9] 9713171, 271, 371) 5 ASEHA ot WF 2t Ado] 24k
HEd A=
C AEY W= SASE MER Aol gloH, B, EEuAt 52 AR S 9=
filad

1.1. Chi-square test
- 5 229 Aol WL ] A8
o

* HIEJF 5 0|91 3t=20| Q= AL Fisher's exact testE Al
1.2. McNemar's test

- # g9 A% Rol v 1] g

2. F5W47L A4goln Hl@Zo] 271U A

K T U BDR0| HUET, ASDY PP AIRE= 24 2Y

i
oo

2.1. Paired T-test : & U9 AZ 2o]E H|wT w] ALLE
2.1.1. Wilcoxon’s signed-ranks T-test
- o WO AF Zpo] Ml A, WSO Burt YFEES ©nEA g P9 AMHEE

2.2. Independent T-test : & #7t9] zfolE vl uff AMEH
2.2.1. Wilcoxon’s rank sum T-test
- % 270 Ao] W A|, W50 BEAF BFEE*S mEA g B9 A48H

2.3. Linear mixed effect model
- A W AR 24 Adol 33 o4 AL A48T 4 UL
* 2 AF 79 24 F&(covariance structure)E ZF5H0] 240 MEE & Uz ZHO|H,
29| F7|(slope), linear function? EM(intercept) 2 UEAHE, WMA S0 T2
He(fixed effect) e FEQETHrandom effect)?] HEE ZXoIH model?td]

gHmixed effect)st] MBS & UAS

rfon
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3. T5W57F 449 Y A% AND H|EFo] 374 ol3d A%

s BT ) HER0| PICHEZ, NBR1, AH2 DY 29 N8sE 242Uy
3.1. ANOVA(Analysis of variance) : & 7t9] X}o|& v|wg uf AR

3.2. Kruskal Wallis test : i k2] Zfo] Bl A], W0 27} HGiE g WA

F AS S

X W BHO| FAH AH

O MM ZHE 4 Kolmogorov-Smirnov test, Shapiro-Wilk test 59| Bfo=z Z{&st
2 S, YHEOZ p valueZt 0.05 DIIY Z2, RS MEX| M= ACE W J2Lt

AN o 7IE0M BHERE MEs 27t BA| $2EE, p valueZt 0.05 0[40|HE=

marginalgt p valueE EI5tHLL Q-Q plotS |QIOZ &0lot= § HEKIt XfoXoZ

HREEE M2 OB WY 4 S

-

O = Y sample sizeZ} 30 0|l

2. JeiLt BHFEERE BREH0| (EsHs BYHO| SHRYHORI 71 oo AISE
%, BYTO| S JKH0| BEME 39 T RIIREHOI 397t YC02 2 F sample
size7t 30 OO SHE HTY HHO| WRE 4 S, Tt 0YOI2Hs 7|FS ST}

4. AgHS HAo] Aajt F¢-

O Randomized Clinical Trial(GH A7) randomizatione &3l A7 2ol vi%
HEg, AHHsE SAY & e AAY A+, 22y £ 9J5f baseline]
E/do] & It AolE Hole A7 I8 4 UZ. olE AY, AFAE o B E
SHF(covariate) 22 modelo] ZTAIA EAT 5= dZ. 1Y M B
randomization block®Z AJ4J5t] randomization TANA ZSF2HL]Hl7

Sog e BFYL YA Aol AT 5 9L

4.1. ANCOVA

- BAsA}; sk HeE 2Y Y Z¥Ef(covariate) 2.2 71 &

pac)
o

4.2. Linear mixed effect model

- BASRA B WAE BE W FWTHcovariate) 08 F71F 4

%0
oo
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[48AE AEEdel A A% d94 AAE Aol Dages

- (YHE HAH WBC, RBC, Hb, Hct, PLT, MCV, MCH, MCHC, Neutrophil,
Lymphocyte, Monocyte, Eosinophil, Basophil &

- (EMsfst™ ZHAE) AST, ALT, BUN, creatinine, glucose, total protein, albumin,
total cholesterol, LDL, HDL, triglyceride, GGT, ALP, CPK, LDH &

- (=#A} pH, Nitrite, specific gravity, Protein, Glucose, Ketone, Bilirubin, Blood,

Urobilinogen, Color &
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