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ACC
ALT
AMPK
AST
AT
ATP
B-HAD
BUN
CK
COX
CPT
CS
DOMS
DTNB
GLUT4
LDH
MCT
PDH
PGC-1la
PNC
PPAR r
RER
RPE
SDH
SIRT1
TCA
VAS
VEmax

VOzn’laX

Acetyl-CoA carboxylase

Alanine aminotransferase
AMP-activated protein kinase
Aspartate aminotransferase
Anaerobic threshold
Adenosine-5‘-triphosphate
B-hydroxyl acyl dehydrogenase
Blood Urea nitrogen

Creatine kinase

Cytochrome ¢ oxidase

Carnitine palmitoyl transferase
Citrate synthase

Delayed onset of muscle soreness
5,5’ -dithobis-2-nitro benzoate
Insulin-responsive glucose transporter 4
Lactate dehydrogenase
Monocarboxylate transporter

Pyruvate dehydrogenase

Peroxisome proliferator-activated receptor gamma coactivator-1ea

Purine nucleotide cycle

Peroxisome proliferator-activated receptor gamma
Respiratory exchange ratio

Rating of perceived exertion

Succinate dehydrogenase

Sirtuinl

Tricarboxylic acid cycle

Visual analog scale

Maximum ventilation

maximal oxygen uptake
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ol FHl diMEe A7ISAF 7168 9RE Eske A4 9 SAAA
Isd@erded Dol digt Hiolentr] 5o HHE ATTo=HA AHAAS
71549 ® A7l AL V1ot A&4dE ol At A= U

28e ZHgTRE 249, 29499 3% 2Rxow T4H0 dt 2d4RE
e Wahylee} ne4l BelER T4E0] glon ol AAe] Agtat Relo ols)A

%2 Aol °F 60099719 5ol o™ ZZto] 82 oA £H Y ZAHF
(Muscle fiber)= €t} 7A719] A= S92 Fascia)oll €of 1, T4F HAl= =
o|Fofx Qirt. o] thd JA] Futo] Hof glom FHEL A(Tendon)2= Hoi Ut

AA 9] L&+ EA0 wet Typel, Type la, TypellbQ] Al THZ &=L,
Typel Mg+ AZAH5(Slow-twitch fiber)Z2A v|EZ =20t 471 Wil SR
Ve ZAEHS 7t gey, njeazH(Myoglobin)?] sX7t &0t o3 2
A ARG tAFsEol =1, HZ2o gt 2 AYsHE 7M.

| 4



Epimysium
(2|]HPZE

[Ex: 223 213 22517]. 2018]

Type la}t Type IIb A= &4d-f(Fast-twitch fiber)oll &5, 1 F Type lIbe
HEZC o] 7F A w&2o] gt AFsgo] R7] "ol fitad tAe g
AN o|R€Ql S92 gt gy Bavt FHole] FAAA tHANsE ol =
Type la Af= T=0f tiet Adsgo] te F+ A9 S Brolth wahA| solv
AAE AFH Y EEAC W ol AR 2HEY HIE 9 ALY Ee
AL 25589 HIkE B71E 4 Stk

2 1. 24w R0 OE 5%
EY Type I(XI2) Type lla(&2 Type lIb(&2
o A= 1t =

Fe 74 o = i =

e M A = s b

ZAES B2 = s e

e FEyl e = = S

°F 2714 =714 @714

Ak Ea) ) R

RCk & = =

A& % (twitch rate)? 9 = w5

u] Q4] ATPase 84 H= = =

D 2HE7 AL wob SEAP YR Botet S
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$2L 21U Myofibril)E o]F+= ©| 2 Al(Myosin) @A 9] ATA|Q ‘F
I E’' 9} HE(Actin), EZ XU Al(Tropomyosin), EZXI(Troponin) THIZAZE
THE Ve SYHE’ 7] WA g o]Fo|ZY, ojuf m|A4lo|u HY A7 &A1 7}
F&381= o] ofyat AEl} v Al BAE 719] &34 Ajtol o3t vj1m|H(Sliding)o]
dojdt}. meAl M= I8 $HA 7He BHHES B4 &4 Foot 28-S o,
7he SEHEE v|4l HeEet AgT 4 Q= 84 B8 241 ok 289 52
otd| .= A14FQ1AHAdenosine triphosphate, ATP)S AXdl= IF O ZA 1] Al HE =

HOIE 7+y 9lom, ATPases= U] QAI-ATP ZAgA| o] Z+85f0] u]QAl-ADPE
THE3L, o] W o|AE W= ATPOY o3t WAt 717 MHEEHA F#2 HHES
7he BHHES Qto® Fojg7|e = B9 $50] JPHrh

X

AE UBHE g2 HomE
(0|24 EH2HE) ~ (Y HEHE)
VORRAARE Sl

Z disc oj gt I l az Z disc
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(3) ovA<E A4

52 7 HFHE SAEERE AYolA THEolA]= AvA9] FH =1
AgohET 8 WRo] EXcks ATPY 42 ofF 7] wiio] 24T 7H1is 1=
o]4F9] TFo] o]Fojd £ gt} Iy AARE= FAZ] A 258 AL ¢
A=, IR ATP A9 £ Tl == ADP7F ATPE AFA =7] wiio|tt,
| AUAE A G457 A= AlZdWe litTeoteE 14k} I ot
ot A A7) oUAE ARSRITHRIYA AJAE], ATP-PC). I3 22 ATP
At ot o] Ags] FFEAY, I5S gol AHRESE 48 2 255dsES

O R

e ©
(o]
o
lo
i

)

h ATP 743
A Fd A2 R FfoF sk 250l ATPE ASdiFe F8 F2e U
z}

i

O AYLA A|A"(Phosphagen system)

Adotel Z|HUolA(Creatine kinase)oll Y3 EZAXEFH ol (Phosphocreatine)©]
Aot (Creatine) 22 Hoix= HHoE ZAZIHOH] Q47|E ADPO| 50
ATPE A4t 10% oY &84l ATP Aol F2 7|3t

o|E2£2|o} -
Cr =
ATP ATP ATP e
( 6 K cK ..
-ADP ADP
> PCr & ADP
A3HH ol sistaby M=E MEd

ATP/ADP H|& ATP ZH|

[E]  mitochondrial creatine kinase (sMtCK, umtCK)
cytosolic creatine kinase (MM-CK, BB-CK, MB-CK)
W cytosolic ATPases (transporters, pumps, enzymes)

12 3. The creatine kinase/phosphocreatine system
[&X: Biochim Biophys Acta 1762(2):164-80, 2006]



ALIISAE 7isY Bt JH0IE

@ s AlAE

2 FAEN(Glycogenolysis) T+ G (Glycolysis)> <53 7ol A= o] Q=
2 ZA(Glycogen)olH BF EEHEFIN)S Eofloh= P o2 ATt Glojk o]Fojx|=
kg0 g ZXHLactic acid) EE TFEAHpyruvic acid)S F4Jsict

o I, g
L} glucose-6-P I < J: ﬁ}

&

4 HAip sy —» pH%l‘:h—jT

[ 2 pyruvic== 2 pyruvates + 2H" ]—> [ 2 lactic acid = 2H"+ Zlactate‘]

T 4, SR AANS S5 ATP MY

[EX: Physiology, Masaryk University, Brno 2012]

W%’

s AlZto] g 2AR YoM ] ATP A/ Hiet A3 7o=e o sorit
=01 62719 ©AE] AF 5t 99 =2 250% ) ALAHFHHVO, max)ol7HA|
ALY A2" gy AlL"olA AGEs ATPe Al ATP A
50%7HA] A5 3t

o

o

e ol

H

(L) ATP £3j
gAE dFE sk
= ATP £of&ee 55 ATP SAAEEE SAET
2ok AlZU ofdd w2 el Z319 2F At
AMP, IMP, ¢t yo})9] e Z7HA7= zgﬁrg 7} Lt WAE o] Al 2ol
(Inosine monophosphate, IMP)%& A2 o]k Al(inosine)0.& Z3+E 1L © Yo7t
é}oliﬁﬂ(Hypoxanthine)Ei AgE ], o] 89 FWFRE |EHoh ofHd
S| o] =9] E5fof o5 8= = ADPe} Pizt M2W S48 3 9 gy &

B2 ZAZ I olgo] IAET FE AR 2 S5}
= 2= #ZsHA ATPE
F=(Inorganic phosphate, ADP,

[©)

rz

| 10 |



)5 BeleRE FEsh] i 244 s HE AW 9EE8oR Ay
% gl $%8 WolAA 9 pHrt AshE, ol wzet cgtEr.

7} 89| 3FE+= %A= TCA 3]&(Tricarboxylic acid cycle)7t
Ao APHER FF 24 FE7F 0.56~2.00 mmol/LY] R FA =, T oo
SAE R =t I8y sg&E TCA =9 Al B8 4kar) TFagH] vha
SEEA] Xt sigErgo] diA o s gt Aol &5 Yol ZAiko]l BAE
13T & Al ARAgTFEo] 359 AtAaAHF mR|X] Kot Fe I5F3Z9
ZAAbsE7t S715HA H AL ojnff AdH 24k Ao m ShitE|o] oA AZE ) olgt
A4go] 7ho| A FAIYTH(Gluconeogenesis)?] dojub= T3 Z(Cori cycle)©]
522 Qg AAbo] MESHA FAHEU AU AP ZEE] 5 F FEAAM
Fofst= 7RRIAHE S| B A (Phosphorylase)@/do] A= al ZAa}H o2 FAikA AFe]o)A
509 A Y F¥o] He FAAEol A HH.

=
o
&

(¢}

o)

i kg

DT =

E <
-

O D ,

ATP
ShaldgEd
2 5. A2|3|=2
[£X: Compend Contin Educ Vet 29(6): 360-2, 2007]
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= A EAEA 7] F9 Ath Fre S8R F 21%0]H
Sk %Pooﬂ/ﬂ A7k EF /&i FEE 95% oo E FAIECE AW Abawro] AR
, GAE BEEA 2 A A 52 FAAA
g7 —.io} 2 Ao ] 759 EAdstol QJgt oA g
dioto] o] FF5HA] Eoke AHZE Hof 27 fIE, 712H tiate] Zagh
| SFEA Got A W AxtaZ oz Hidoy 5 (Ischemia), A71E4 52

4 b
H1
%0,
_L‘
r°l'
r>~

At 25550 AN e sHS HiloA e Z2 FALFIEY

2(Oxygen transporting capacity)o]l 2JajA & FFES Ht=t} o]
o] MAS FARA ouA] Al &4 S7FE 7HAR, 4 =2
F A AAFFH Maximal oxygen uptake; VO,max)S S7HAZ Bt oYzt &5 3
=g Q7129 A7t /AT B 52 254d% S7HE 9 2erdsss A

ool

D HHRAALAFHZH(VO, max)

AL, 8, A%, A3 BH, &5 58, Aol w2t AAY ouA] a7l gt Ak
AHFE Aol7t W] wigol oA FHF2 mL/min/Kg2 UePdTh. = AlAo)A]

A% 1kgd 13 5 A8 5 G Akao] Hejagoleh, Hehika g0l Roldss
H2E LA T B oUAE AARIoRA YE SES OWEA A5 4 glow,
2oj Aka JFFo] EoW WA AT 4tk £F Seo] ST AL ojulait
B, 8% ARIEN@A) F, A4EF, 220 4k o §Bo| /14 Ay
A JAFE AA EYEDol o2 TuE S Fg3le] Y] TF WHS AN

5] AW WA WA oF PokE LYUA WAL 8718 Hol Ak PHUS
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D715 Mg 3y

1. HiO|207 2] MF

OI

7t RYE BiO|L20HA

o
J«

x
oo o

Al

%
N
2

op

N

Pselo] 282 2 4 989 /58S B
B9l vlolontA'L ofdjd] EES AU

14 B AAAEAY HAC uet HEg volontAS AT & U

H 1. 25+UsEHN =22 & + US'2 7Isy Q12 9/t HI0|L0H
=X J1=5} 51054
T H0| 20}t St
in vitro | in vivo | Human
A otelQIAsta A
(Creatine kinase, CK) O O O
AAETAG A
RUELE T
(Lactate dehydrogenase, LDH) O O O
OfATIEE|O|E ofm|i- o] &k
(Aspartate aminotransferase, AST), o o
detd ofw]i- Mol a4
(Alanine aminotransferase, ALT)
] Q@ ZF=ZHI(Myoglobin) O O
oz
- = ZAK
e % ZAiKLactic acid) O O O
4% dEYoHAmmonia) O 0O
g5 F7|94KInorganic phosphorus) O O
FAQ A A
(Blood urea nitrogen, BUN) © ©
F 2 ¥]&(cortisol) O O
A&EUFAHATER-1(IGF-1) O O
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= Jtsst g1y
= H}0| 0} e
T o120 in vitro | in vivo | Human
oA O 0
(Respiratory exchange ratio, RER)
LS5 AT o
(Intramuscular triglyceride) © ©
A1 gelAga
Atst (Plasma free fatty acid) O O
24 A=A
(Plasma ketones) © ©
L-7l24¥™ O O
22 ZA(Glycogen) O @)
Ao|FHo2RE AYRO ErdlE &% O O
A do}El(Creatine), o o o
A o}elQlXHPhosphocreatine)
Adenosine-5‘-triphosphate(ATP) O O
Insulin-responsive glucose transporter
o7 4(GLUT4) © 1 °
zam -
°= ZAE FEA o o
S5
L (Monocarboxylate transporter, MCT)
F2&(Glycolysis) & a4 0 0O
) FEAEFATA 0 0
(Pyruvate dehydrogenase, PDH)
oA i _ _
A | AHLIR A a4 O O
13159
omEE Na*-K*-ATPase O O
AMP-activated protein kinase 0 o
(AMPK)
Sirtuin1(SIRT1) O O
Peroxisome proliferator-activated O o
receptor gamma coactivator-1e(PGC-1a)
Peroxisome proliferator-activated O O
receptor gamma(PPARy)
A AE AR/ a4 O O




=X JI=5t 105
T H0| 20}t B Dl A e
/n vitro | in vivo | Human
ARALA B ax O O
&2 A %] (Lactate threshold) O 0O
HAAzA | 8% FEAHY & (Bicarbonate) @) O
25U 24 =&(Lactate) e)
A4 EBFE(Sa0y),
Sl ALABOHPAO,) © 1 °
AAaed | ZEE AASE 5 O O
HAEH 5, JEZEN 5, o 0
g3 HEd 5%, FE 5
= sz
. 24T @7 O O
/R]t}_]'-/\
(Heart rate) O O
371%F(Ventilation), &7
. . @) @)
REE (Maximum ventilation, VEmax)
R = R o o
(Anaerobic threshold, AT)
7194
. O O
(Ventilatory threshold, VT)
XA A= AIZE o o
(Time to exhaustion)
F AR AT
(Maximum oxygen consumption, O O
AHH7]E VO,max)
%/57_31 13]¥+=2H(stroke volume, SV) O O
7 -
Aek=2F(cardiac output, CO) O O
A O O
=+ O O
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It 71012

Lt. H}O|20(H2 &Y
(1) <3z A

@O A otelQlAtsla A (Creatine kinase, CK)

I ol QA4S R A(Creatine kinase, CK)E= QAAHARIAA) &5 59 I&4HS
o] —L

FE= 25 T I EF &0l 37I8] dEel HEAL

® ofAzt=H|o|E ofu|i-Ao]g A (Aspartate aminotransferase, AST),
detd otv]i o] &4 (Alanine aminotransferase, ALT)
oAt Z H|o|E otu|i-Ao]q A(Aspartate aminotransferase, AST), &&hd ofd|=
HolaA(Alanine aminotransferase, ALT)= AEAN]} ofu| At 2_}94 opu| 7] WS

Zulste a4 gA AZANZY 7HEgY] A #7t HH, FEd &5 Sof IF ASTO
ol oo, ALT= B7Ite] 483 25 Al =584 ;q:—_ Ao = ASAA
thiZo 1 NIAZ AFBEEE SH= ofu]ieAl thAlo] Tojste] 253} BAH 23] &4

@ v =24 (Myoglobin)

NIFERIZ I& &4 Al @RE WEHEE I35 849 A7t =9, A4
<55 (Delayed onset muscle soreness, DOMS)9] 7Hd4 |37} Hr}.

® 8% ZAKLactic acid)

=
= T “’ﬂHE ‘EJS_ L:rLX}—O] g% gt sk2



® 8% dEYoHAmmonia)

Aot Aol 5 Al FHFEH LE =3 2(Purine nucleotide cycle, PNC)E &3904
BAZNM Yol AR, A7 £F A BN oHES B ol
3

e, 44548 duUels B4 A 8 W2g Sl

S

g% F7]90*KInorganic phosphorus)
71914k ATP7} ADP=E E|HA o |qA7F EAE off E2jEeh. A= 771004t &4

o
oA & ASHE ulstal, HEIE F7|QIAE FHL IS0 3 o] ddS
gHQ AFA(Blood urea nitrogen, BUN)

R0 JejoA Tl st ofu] At ojshatgo] dofitn RAEAT}

=]
Z7KiT 29uE goeadre] 5712 BoA wedolut oful iAol o|shag o

(2) ovA 8% &5
oD AgATe
O TFNEE

£ BT AT B ALHAFl o3 olstErs EF v g
& EN

rlol

ST

ot

3

(VCOL/VOIRA S ALt &5 Alo] AH8H 93k} A|uo] dofs vl ehch
50| AzElw A Lol sFage] o8] whRo] 27 oux Yo] HAg L350

A&EH Ago] £ ouxedez o] §HHA TFueEo] HAadtt

o3
>,
.
B
AP
i,
rr
o
o]

=2
>
i
=1
B
=
(N
9,
=)

2t 327 sk, F2E BYAIA
=&o7] M E AAEE S5 Aol ovAdez 24 Hart .

£ A7 B4 wgo| B 4 UL
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Agslor Aaste] AFERA AuHkE 2o 4ge] YRR
' oh 2y 84 S SEE

Moo o
o

B4 ARAst JES L 5 9 ggoR §
FEARAT Rt 208 FHEL RYARA Aol P WG] R
Y AW S AEA ARAst Elge] $718 ousE ekett

A upate] g-AtetE BAJE ofAE CoAt AYA I2E E3) ASIE|A| 0t 250 o5
AR 2| G He AP AL dofd o ofNEOME CoAof|A] oM ECHAEAL
B-SIEZAIFE|EAL ol E 59 AEAZ A= @Y FOoE YEE, FE JHoA
AEA7F B

25X 283} 7ho] 2 FA 1AL W2l 2 Yoo AHA Qov, 283} 7
2 AN BIE B A7 ol

() Aolggozne Azl SrstE 24

olFYC2RH AR HvtE 25E T
Xi’éﬁ?: 22X A7 S0 ol € 4 At

o

A

@) AMHABE 2 FFEE
@ ZAYoted(Creatine), I H ot I4HPhosphocreatine)

A[A oA ot R ZFote = Aot FEl= 42 A=
= FFA ATP-A ottt AlAEE oA 4R oUAY ATPE A/t

@ Adenosine-5"-triphosphate(ATP)

u-zf*—tao}ow A 2 25S 9% S44Q A LoRA TAT0] ATP7
Fuo grom, voAl mATh 5t7] 9ist o|u A Fel 2Zo] Yo} BAZ



® Insulin-responsive glucose transporter 4(GLUT4)
GLUT4= Qed &3 Z=gd #3A=A F2 439 AY2Fd] &XsiH,
ZodZ AE FRJA NE YEE o]sA7|= 9T Tt

A =5A(Monocarboxylate transporter, MCT)

At EAe A2 AE YRAA AZ R oleA7e 92 I

=

® NFZE(Glycolysis) 4 A4
AZ, 529 ZAZAN HFHHE 2 GAEEA IATIZET|L oA

(Phosphofructokinase), 4 7|HokA|(Hexokinase), TFEAEUOA|(Pyruvate kinase)
So a47t rt.

® TFBAESA G A (Pyruvate dehydrogenase, PDH)
1| F B HPyruvate)E acetyl CoAZ A¥sl= G424 5 Al gy & 49
o FHARE 5714 AEoA IHA IRE o ATPE BASES ol= &< St

@ IHA 2 A a4

A 2= e©edtE A 280 oA WEE opu|iAke] FEE s dA ol
qtek 3271 YEstA ZoHA] Y=t @F A4to] 3 E o] =9 ¢jlo] H 4
tt. A 3IJ29 Akst HH JAQA A a4 (Citrate synthase, CS),
ZAAEF =4 § A (Succinate dehydrogenase, SDH)+ AL 250 93 S7HHh

T

Na™-K"-ATPase

Na'-K'-ATPase= I5HEY AY He Alxo] EAct= BAQl il dZ A
AA| 2] S Aol A ATPY <F 25%7F o] &40 QsiA &=, A A2
3% F 70%2] ATP7} o] &40 ZH-go] AHjdrt. EZ L4 Na'- K'-ATPase 273
i ATP 71Esfo]l &/4do] WA¥stal #3o] 7olfia= 2nleht

©® AMP-activated protein kinase(AMPK)

&5 o8 A= W9 ATP7} 24=o] AMP/ATP H-&o] Z7}shd AMPK7} E4d8}=]of
LA ARt TEE A S QASletY 2™stE 9Tk ittt ATPE AH|sh=
532MES Ak, ATPE AAe:s olsiRre(ZEET &<, dgiy, =4

0, A AT SAHE AL H2 ol FAT 591 240 AVPKS]

o

0.
o 1l

21|
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Sirtuin1(SIRT1)

SIRT1Z AMPK 2/d3toll B3t QAo PGC-la At #ofste 2o d2A
Utk & AMPK /3= A2 W NAD'9] T3 S7H41713L, NAD'2]&4] gotA g3}
f49l SIRT10] 243} Fo] PGC-1¢9] 2orAEst 9 EA5H7} o] FojZitt,

@ Peroxisome proliferator-activated receptor gamma coactivator-1e(PGC-1a)

PGC-1lo+v= SFAN] Hojohs FARES 2 8dokh= AAERE =2AXHTranscriptional
coactivator)e|H FIEZEZoL A B 7|52 2= ¥ A AFE 2

TATKAN PGCl-¢ FAAES BAS A7lE Aoz oA ot

@ Peroxisome proliferator-activated receptor gamma(PPARy)
PPAR-y+= AYHiAL 9 GHiALS R &ot= Aot ZAE W AR 5 A4

Abstol] olste WHe] HAE 2Pt

o5 2AEE ARAF Aksta4o|il, B-hydroxyl acyl dehydrogenase(3-HAD)=
AHRAE B-Aksto]l &£ Agt @A (Rate-limiting enzyme)ZA] A|F+E ZT#o] 9JgH
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% 24 249 234 A®7} et
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(Bicarbonate)

=lo] AL,

&

S}=(Sa0y), U 1tz (Pa0,)
Ao 2

Ank=i=h )|

A

-

® 45 Y B4 £=(lactate)
A

HHO

e

Al el Zite] AAEI F=9 H=7F A
©
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=

=
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=
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ALIISAE 7isY Bt JH0IE

©h A=7ls

O Al¥F(Heart rate)

@ 7| (Ventilation), HH&7]F(Maximum ventilation, VEmax)
12 3 HZ 3717 81 U= &S 89 &7|Folgtal o, 1& & Ho &4 &
A= 4"41 *“7]‘%}“— F|jgr|Folgtal sttt X453 AL Al F AL H T S

+&dE 7t meEt 2Horoy AbaRHo]l FEI| O|FOJXA A HAL,
AR A] AR o A FAEA A A] HiAPY o= gk =T, o] Alde At
AA[FAL 5hH, FAkRA FA] Ao =A UErE =G

71gtoll et g7]eko] AR} HlEste] SASIT) o Aol
S 248 ZhEed, o] Ade W dAetw ohe,

|24
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A

J7ZHTime to exhaustion)
o2 &
AAIZE F F o] AL FHFOZ F A
o2 Hrigtrt

ok

3) =AM
A
o

D AN A

="
ARG dels A &
@ FHAAgdFHF(Maximum oxygen consumption, VO, max)
=
1715

| S3€

}

=k
AA7} &&ot= ol AFE = A
AFHZo| S7MErE AN FesdH Al
® 13] ¥=TF(stroke volume, SV)
3] £235198 4 YEU= gdzo g 327|884 3 end-diastolic
24 (end-systolic volume, ESV)e] X2 A ojHt},
FJHO] QFo 2 Aluk(heart rate, HR)Q}

T

M;d—o] 1@ %]—;ﬂ
TS|

volume, EDV)Z}

@ A¥rEFF(cardiac output, CO)
= 2 Z6h=
(stroke volume, SV)9] Ho=2 o=

SOATL BE 13 B

A

o]
13)4rE=F
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2 K
g9,
c
(@}
o
[
3
=
job)
w
(@}
il
ja)
N
N,
ofr
o,
e
jus)
—=
o9,
>,
Y,

(th oGP 2HE AURQ ©33E %
AYALE o]&T 4 A2, 14C-glucose EAAZ} S
A

A47](Ccintillation counter)S

[T

AIZ Ul Zdlotd oFF WeE ST & 31, F=ddclA @8 2 25 W Ao
FFE AT 5 A dANAE BF Aot =8 4T 5 Aok BF 4 25
Y 2ot 2 Jaffe reactiong o183 FHE SHYHOR AT 25 Wl e
Seord g oA gL A WA F @ I orEld 2 YHoR
Stk 25 W f2 Adord AR Adordat IS de I
oz F3tck

@ Adenosine-5'-triphosphate(ATP)

Az, Afs=o4 &5 W ATP gdF2 8L & Ath ATP= SR
MEZE| Y= 3-phosphoglycerate kinaseE °|-&3t &4% SHYHOoRE EATIT

® Insulin-responsive glucose transporter 4(GLUT4)

ME, AFsE°] A4 quantitative real-time PCR analysis(QRT-PCR),
western blotting 59 W& o|&sto] SAHE 4+ Ut

@ ZAF $EA

M2, AYEF5E9 Z4oA gRT-PCR analysis < ©o]&sto] MCT1, MCT4

mRNA 2dFe ST =+ Uk

| 28



® AgaE =48 &

P

i)

Mz, Ades=2 ZEA3A gy S 285t 4R ZAZIEE J|UolA|
(Phosphofructokinase), 47| HoA|(Hexokinase), TFEAE|UOIA] (Pyruvate kinase)
59 mRNA ¥ gRT-PCR analysis B'HS 0|85t E4% 4 Qi

@ AL =2 A a4

A4 (Citrate synthase, CS), &AIA

4484 (Succinate dehydrogenase, SDH) 52 €42 4T 4 3lth. CS A=

Srere W0 ZASF CoASH7F DTNB (5.5,-dithobis-2-nitro benzoate)2}2]
SolA A== A HIE 38 EA (412 nmE S S o838t

AN

AYA JEO A4S T G4 A EEARGA

Na"™-K"-ATPase
ZAIA Na'-K'-ATPase @4 S82 AxE, A& 45xZZ ELISA
WE olste] aAagHE ST & AUth
©® AMP-activated protein kinase(AMPK)
ME, AYE5E9] 7t 48 XZA AMPK QA4S HEE western blotting &
ELISA ®¥yog 4% & it
Sirtuin1(SIRT1)

M, AYFES] 504 SIRT1 @A AL western blotting T+ ELISA

@ Peroxisome proliferator-activated receptor gamma coactivator-1e(PGC-1a)

AEZ, AEES Z8oA PGC-1¢9 mRNA w3y whild 23S qRT-PCR

T= 21U =

analysis, western blotting T+ ELISA ®W'Hog EA3%E 4= qlt},

@ Peroxisome proliferator-activated receptor gamma(PPAR )
Az, A¥sEY &5 24, dA9 484 FFAY

=
analysis, western blotting T+ ELISA W 5& o]&ste] 4T 4= Ut
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o o

Acetyl-CoA carboxylase(ACC)= A4 9] &k AIgt G4A2A A=,
AYFE 18 X2 oA western blotting W& ARESI] ACC QJASHE 4T

AAAEA 3 54
ZESAE Y AETE ¢ ASta A (Cytochrome ¢ oxidase, COX) 59 ZHAAEA
a4 &4, mitochondrial complex IV subunit 1(COXIV.1), mitochondrial complex

IV subunit 4(COXIV.4), ATP synthase ¢ 59 AAAGH Tz ddS =4S
F At ARAHLA a4 B4L Ao (enzymatic assay)E &9, AAPIEA S
WHH2 western blotting & ELISA o2 EAT 4= Qith

APEET AAE HHoR 2H7Msstd, AAQ H$, EFH=UE 0|85l
e HAUesS ¢ uet MY A, &5 & S54%, 3&E Ao 28 H4o = &let
TolA AT BN Sutd HE FHo| 7)1 25 ul syringe petoll goF EF 24t
B47)o] FQ5le] % ZA BEE AU AAFES] F9E QA9 v E
A5 Bl 7S Algste] maloq EAe AFsle] 5 it HEE 43,
g2 g L3t

AYEETD A9 BN Zolul, AWBES) 4, WFH Ed=U ge)g
e B FAg AHetn, S % A g

T EH(glass capillary tube)ol &
, 547171€ ©ol&st pHe pCOE &%t €% T4 5=+ pHSY
pCO, #OoZ2RE Ao, FHO dHo| A3t standard equationS AR&oFo] FL3lct,

AAY B, S AFHsHAAL @F 7HE #A47]E ol8ote] SRt

o
o
el
o

| 30



(2 ATaed

@O SaO(RHAESIE), PaO, (T AHAESY)

TAT Aot BEE TN BUSPYNE o] 8stel 92 e AP Lolo|A
242 AARE AAISEAL A] probed K8 10~15 cm 9&9] e 223 9l

=
3 80% HRmax A3 E2] AHA &5 5%, 10&, 208, 30&o] AOHb, AHHb,
OI (AO;Hb/total Hbx 100)S &35},

—

AE5ET AAANA AHHE5715H(Plethysmography), ¥ ¥& S5EI
(Positron Emission Tomography, PET), A7| &34 (Magnetic Resonance Imaging,
MRD) & °l-&sto] &7 7Fssltth. AAoA ol T A & 54| 224 Y&
FYE = 5o dE5AA = A5 281t HAHTranscranial Doppler, TCD)Z &A%
4 Atk TCD EAo] A2 Q&= probed AMEst] eHF Ao H&E U A3 o]
7P S Ao YAE Zroftio] ARIMo R HA|SH, HA] F9jo] 5 MHZ9
probe & FHIHTL 10-15% ZAEE O|RFEE 519 2JuE FY5t 79
HA&e 9 HH4EEE TCD BYH wave?t AWA A o= ST 7|E2E 4%

HrETo] dsHl wAE W SRt

(o) 4191715
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(3) ¥43F A
O gAA7HA] A8l= AlZHTime to exhaustion)
O ZATIAE
SZAE £2(50W x 40D x 50H cm)?] 35 cm ®£°|7H] 2 AL &, $59|

-3t +2& LAM(25+2C) FAPI=S Tt HIEHS 2AH A7HA]

13] GAIBH=T, AR Fol 147 Fo] vkl HB0) dyel] ehe BARE
]‘

e

o
o b N 9 2

SR

it
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ot

O
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_);1_1‘
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=
o
> r
19
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N
4
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)
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P
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«
52

>
o2

T, 227 2= AATT A= AR By,
AR BRAZA] E2)7] Ald2
3

i U 3 m/min¥ &

Z7HIAIE o ol EEY $ES uerby 25k o] 102 o4 B W), ABEEL
EYEgoA] BAA 5L sheol T EA] 9 w2 dofubx] Rabwl 27l ez

e e

® ERA7HA] GE7|AE

SAANZA] GE]7] AL F2 EFEd QoA P EE sy, JASHIe5
A5 o 2 e & Utt ASHIL TS £ =5 YA G AEolA BAES
0% A A&t 2.5%, 5%, 7.5% SO08 AAAOoZ ZIJIX7|AY AAEE Ig=
AL £ 25 JAH 0 R F7HA7|E WrHo g gxg fi7ty] G| & slo] 1 A7
71E3t}. Fdjoke-soA= g & g2 £ AR FHZ] 70~80%2)]
A3 A2 EFtd gEE7|E ot I AZHE 7SSt €3 AI™¥S iRt

g ol AZ9 £& #AT & (& W Ee HAE IEE 27 W2 o
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Ct QIXMEAI
(D) A=

h AR71&(A)

O 194] ol3e] A7t A4dey

(h AA712(A)

O AgAH

-+ ALT, AST7} /4 AetA] 9] 38 o4l =

- eGFR < 60 mL/min/1.73m?*21 =}

- Z2AHA] Y= TEU(SBP ) 140 mmHg T+ DBP ) 90 mmHg)

- ZAER] = i SXHHDAIC ) 6.5%)

- 3A 59 ol o FF 7190l A= A

- A9, AT, A 7E Ak, dEE 2AEA g Aol e A

- 8 2-8Ao(major depressive disorder), ¥4 FAA o), HARG= uj,
g Aol &=}

- Bl Sl A

- AAFAFBMD7E 18.5 kg/m* olst Ei= 30 kg/m?® o]l A

- B sfgst= A
* (A1) Hb(13 g/dL, (A} Hb(12 g/dL

- 4 T A3l It A AAFofRt
R SRR e AL ARe] e A
- AREA] Higt 2T/ /Rl e A
- dEe AFEel A 2 40 g/day, oA 2 20 g/dayell o= A
(WHO9| 19 €32 HF7IEel w5)
- Rt FARH 20701/ <)
- AEAR 3 ol s 71e st HEE AT1sAEE 58 A
S ET 3N W oE QAR AR A
- A sl s sid Aol A BetEE 4
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[e)
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125 o|4Jo] ety
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H
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1.1. Chi-square test
- = g7ie] Aol WL ] A8

* BIZJF 5 0/9t01 §+=20| QY= AR Fisher's exact test2 A
1.2. McNemar's test

- 2 e A Holg MY 1) AgH

2. T5HS7L A&Yolx vlaFo] 2HE FS

X AT W HWFO| 270(HEE, AER)Y 22 MEHE B4 ZEY
2.1. Paired T-test : o W9 AL Ajo]& v|we uf AMEE

2.1.1. Wilcoxon's signed-ranks test

-2 o) A% Aol HIT A, Wao] BEJ} HTRES w2 i A9 A8H
2.2. Independent T-test : & w7t X}o]& H|LE wf AL

2.2.1. Wilcoxon's rank sum T-test

5 2209 Aol MT A|, Wo] RIS AFRITS BEA O A9 A48T

2.3. Linear mixed effect model

- 934 B AE 24 Aol 38 oL B9 ALT 5 AL

*

OlI
HO

b

il

AIF 7te] FRA F1&(covariance structure)E ZEoIH 240 X8 4 QU= ZHO|H, 5140
37|(slope), linear function® EM(intercept) 2 YEAIE, YA S0 M2 IHE K(fixed

effect) £ 2AR|&THrandom effect)?] MBS ZANSI0] model2td] E&(mixed effect)std




3. F5HMSTE 949Y A9 AND H|ZEo] 374 oY A%

X A U HWFO0] 37H(CHER, AR, AET2 5)Y 42 A8Ee= 24 2

=0
3.1. ANOVA(Analysis of variance) : o+ 7t9] Xo]& H|w g w] AR
3.2. Kruskal Wallis test : & 7F2] Zfo] H]WL A|, M0 BER7} J{HEEE W=EX] A=
A5 AHE
X Ha 2ol MM 7Y
O Hd X 2He Kolmogorov-Smirnov test, Shapiro-Wilk test 52| oz XSt 4 Ql2,
UHIMOZ p valueZt 0.05 0|2 HR, MAEEE MEX| e A= HHEH J2iLt SHA0A

P ©
<
o
C
D
i
Jot
ro

O & & sample sizeZt 30 0
X

[
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