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AMPK¢®} GLUT4 @4
OIF (BHiThtm), Al (IS, MY - RAY -

2 e EA2 e Mol oM sPRS0l| [E AMPKS} GLUT4—| USHE YOIE= 2
FloA PRS2 ARYsINCH, S % SRALe] FHE s
H

AMPKEH Glut-42| EfHES BATSIATE

ATCHAE 270 SWWAHI =2 MF| 100RIE ZEHAT (n=10),
ST(n=10)2] 3To2 EF5I¥N, FAARES L 53] 4024

A2l Hets et Aa0l CHE Zof t1|oH dg 2 WKl =

Al REXoz HBS0| 20{(pd.05, 001)SUCE BFHet= rak2ET0| HE F 2ol Hlsl 255

Feu!

4 s
- Z YT (SIS

Z0ICt, ojol 2 AEoMeE akE 4

RIEMZES| 37[HELE Oil-Red G2, X[LZA0IM

1270 eatel SWWA =24 47| 2001215 et ATt ek
NesIon, F 13| B FTeI
2 HES RABIYCH, TASSTUNE 2YLS 225N 757

SE| F58et U2 (p(.09)E 2UeH

MEEZ qpiR| W2 BYS SASIICL 8374 RAMSS $ SRR Wal wARET0| LB T 20| Hlsh AP S01SH
T(p(0.001), =CHETO] AT | BlchatH AL HRERONE A2 AYMES] 7|2 0] Foich 5] AVPKS:
GLUT-42] wale w32STIM CI2 5 20 ulsh SE2t6pi B71=i9Ct

0Mo| ZNE BEIN 857l0) 2YSELS waEl Mrlo| HE U BRAUS UM ALe(he] HHESS LIEIIRT,  AVPK

= SRR Ty 1R SRR U 4 3108, GLUT-A) NN ie S 418 TEss St 20k,
= fict,

etM A7I7Ie] +ERE2 el

FRO: L8l AMPK, Glut-4, fAARE

%i%‘*"‘ -’F‘Il ato} zﬂ 7%?01] A% z%:% Zt}. Ao
=9 2

(Harman, 2003). 3t olUA] A3l A
HEo] 7]1%5 39 (dysfunction) & YA AW#ES &
(Florini, 1981), IAI5-3 (metabolic syndrome)
S dogy, 22 W AE=A (cytotoxic lipid)ol 2l&l

oIt thAlR] 7|52 SFMAIA AR

12007, 89.
1 2007. 10. 4.
A 1 9 7HKimwg @hanyang.ac.kr)

e e

2L 3l
22 Ho
rQ ot
B o K

H % *

22 g Ak (fatty acid handling) & W&
AZTHGuo et al., 2007).

Z Af2l7] (free radical) & B3 X4, @A g
DNAZ £/3A7]2L(Tahara et al., 2001), 234l &
733} (Kreisberg & Kasim, 1987) 2 Ad#43sk} 2
< TASS F=(Chiu et al., 1994)31] A<zl
A A9 Yols AT 4 St

tA A A 2ol s = T 7hEH AMPK
(adenosine monophosphate-activated protein kinase)
9} GLUT-4(glucose transporter-4)7} it} dukd o
2 AMPKE A & YA AeolA] whg-ata F2 tha}
A8 (mater switch) & 28 st= A7) (sensor) 2 &
% 8l 94kl 4 (Hardie & Pan, 2002)0]t}. o] A&
-5, AAA, 88 St 2 AEY ARG A oA 7}
ZHE AMP/ATP Hl&ol| ofa] S5 et & At

A, SelzEHE FAT 2 ATPAH A & A7)

H

i R



I AMPE _Q_g:] 2 HPAE Abslo} - ATPAIAI A S &4

3}l Al71& Aol (Hardie & Carling, 1997, Winder
& Hardie, 1999). ©]213t o] 2 AMPK= A2 23
SHAY 2 A S A (Sullivian et al., 1994) 3}

= frste 2242 4HA g
3 GLUTH4E d&d A= oJa] Alxola g%

t(plasma membrane) 7] 8FIZAE $5(James

1989)ata, A%, o5, A2 A B 8t
FFI2~ PE FA8HKahn, 1996). 8 o]
AL A E W AMPKEAAI B 28] #}= ol GLUT-4
S Az £O2 o]FAA 2FIA FFE MY
(Yamaguchi et al., 2005). GLUT-4/32= 22&
I} giAF Zgo 2 24 wor (Tsunoda, 1997), T4,
DA, Bl 5 2 AEelA GLUT-4 mRNA
£ Z9E7 3tod(Charron & Kahn, 1990: Kahn,
1994; Garvey et al., 1991) QledA g/ o] YehtA]
i e 22 A 2594 GLUT-4 mRNAE
7HWake et al., 1991)std Qled A&y} Add 4
= AAATIE Ao HuHa giv
154 Zo] giAd gy} #dE AMPK ¢ GLUT-49]
e AT ofe oA Zs| o] FolA o gloH,
% 5 A oA Ak AAskE ST 7] R
W glycerolipid 2 JAAI7] L (Park et al., 2002)
ERA oM = A FAlAIA dAREE TAA7) =
(Takekoshi et al., 2006) &2 71 .
McGee & Hargreaves(2006)2] A+275 HH, &5
o] ZZ 2 AMPKS} GLUT-49] 28-S S7H1A Al
2% FRHX 80 =S o It} T3 Linda et
al.(2004) = %22 catecholamines, A&, A%, <1
& 7S NAAIZIY L Bl oW | Fehrenbach
& Northoff(2001)& &L= FAstaiol ddS &
7HNA DNAESZCZRE AEXE Boditta F4+%
o 2B 52 st Bek opet sl e AH
oo tiete] 1 7hede A E F8Ut ik £t
ot A g7 e AFARES 2424 AMPKS
GLUT-4¢] #44d 342 T ol 7ol AT, =
Shol| w2 A L] WS} 20 R o g HSlE =
A Z-& AMPKSF GLUT-49] @3 /go] o9 thEA]

et al.,

.ﬂ

s;

w5 479l ¥

Bl A 429 £ 0] o8 AMPK S GLUT4 ©ald W3k 65

& Aol
) SWV 57 472
B4 Ve WsE

7
UerW ?ﬂ W—t—

AgzA A 8F3 it eES
Trrgetaat AlsHsket e 6ol tsol] wokd
A o] AGA AN e FEjeHE WSS AbAe] &
obi7] 918 Oli-Red@AM < ol&3t B&dAnd< &
& gopr sty AMPKSF GLUT-4¢] a3
Hlwsto] wm3tot #eE wEe a3 AAetart It

offt
lo
Fﬂ

a7

1. 4SS
2 oM 288 127099 A%E SWVA £7
Y7 (mouse) & AHE-3I . ngﬁgoﬂ EH& qooz
AR F 2t 39 100k4 w1 ekl 27H 9o Az

(young control, Y-Con) 2.2 351, 1279& w3l
Z(o0ld control, O-Con) 2} J_%E—? old +exercise,
O-EX) o2 Wy B5F 3702 F/FaIaT. &7t
157719 5 48718 A & F 85 Aldsiditt. A
TEs AR B FFAES B2 FHEEIAN, =

(22+1°0) 9} £%(60+3%), =11 27 (1247 1ght/dark

Aekgt BEAE dolr 7] Y8f nAA & (microsclae:
OHAUS Corp, AR2140, USA) < o] &3lgleH, 44
sEo| =A% 3 FY SA819 1, 1571 34-87E
AR & AdFE f7A] 13 S0t g5y
TETY0] e E' Foigla, ol Fadt el
| & AR (AM10:00) ol BF me]ol|A] dodlS 21
3lo] dFEA7] Glucotrend(Roche, Germany) & 5
13] Z4stact.

A S5 LS Ascensao 5(2005) 2] 91
? 2 44 30 cm, 2 31-33CY
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ok 5-3087479) A

e 4 1% ARG, o7 T30 401

5U7F W8 40%H AF 2a2 AREA F9S
<8

Alsksl e F2E 24 1041l A8k
TYEeHF mopF o] Aoty 2B 2Rl Al2gt
= Ashr] e dAdNzE = o] gste] A
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AR F A8AE SART

TFYEE> A o F Aol Feaisia, HolE Al
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Li?

O 1% glutaraldehyde
*4/ paraformaldehyd o8-l (pH 7.4)° 1A

Z 30% sucrose®ll 7 + O0.C.T(optimal cutting
temperature)ﬁ‘r 7 20 CAllA 12mz YEdHe &
WEN(-700)o] 22 st wetern blot-& AHHe
E—’—‘i%‘ 7R YE oA HFstGich

5. Western Blot

“T0TCAAN AL Yo Bad A lysis &5

1=

3} 37 homogenizers ©]-&3te] 228 #A3} &ttt
FAYL 4Tl 13000x go-2 1583 dA R e &
3ZN S Bradford(1976)Hel wel & gl a3 g7
sttt

Ao 10ug0 2 10% SDS- polyacrylamide gel

oA A71%9% % membraneCz HolAZEE 5% skim
milk7} H7HE & o2 117 A2l A blocking A7
ot AMPKS 1#8H+= 1:3000(Cell signalingiit,
USA) ¢} GLUT-49 128 = 1:3000(Santa Cruz
jit, USA) .2 3|4 ate] 4T A over nightA 7
th. &Y TBST ¢39 02 1087} 33] A1Hg & 23
A & 1:50002.2 g4 ste] A-oqA 1473t vk
A A Al TBST ¢ & 1053t 33 AlHg &
ECL Plus(Amersham, USA)& 1%3F wkg-A]71

X-ray film (Kodak, NY)& o|-&ate] d7at3ict. whil
A FE=ZH L Gel doc 2000(Bio red, ITALY) = ©]$&
ato] T8 FEelsion], g dilde] FRE £4
skt O-Cong 7102 TE 157 Ao] & WS
%)= JeERf AT,

6. Oil-Red Aty

lﬂ

] Z 74 3027t Aol FA. o]
287 =71 3 Oil-Red

10%42l &1 & 32 Fr=dA A
Hematoxylin®ll A 287t thz GA5th o] & %
o @7} ‘ﬂ’“ o & HCLA 124 g2 & o] rEellA
A aL, o]olA °m‘4°H:E %73

FEER %74 AR, 59 Aoz st &
FeEn| Ao A bﬂjr.

7. 4 ANE|

AAelddd el digh FAA WU SPSS
2 =%

12.05 o1&3e] 2t 259 AT 2 ¥ a2a
AMPK@V GLUT-4 S dwistel tieh Faat FF 04
E AEslglon =gy Hi afo] AEE ¢35k

A ZFZ=7 (One way repeated measure ANOVA)
AT, BE BAXY foeae P0.05

letz AdAstsint.

[

1. S, 89 3 SFXwar ¢l

HAA &S o ate] 34T LE T AT (& 1
A b 2|, }zﬁ}—% <

1FE A3 25
(p(.05, p¢.001)E ioir/} Ll s i X e
zol wlal frelal A2 & 3

1o
>
o

P
o
o
il
>
>
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. H|Beist (unit : gram)
Week 0O-Con Y-Con O-Ex
1 37.1+13.51 27.1+14.07** 35.1+13.51
2 37.4+ 1.03 28.2+ 1.07** 31.1+ 1.03**
3 37.2+ 5.04 28.4+ 5.25%* 31.7+ 5.25%*
4 35.9+ 1.01 31.3+ 1.09* 32.0+ 1.05*
5 36.0+ 0.18 31.9+ 1.09 32.1+ 1.01*
6 34.5+ 0.98 32.1+ 0.79* 29.9+ 0.75™*
7 35.7+ 0.75 31.8+ 0.79* 29.9+ 0.75™*
8 35.0+ 0.59 31.9+ 0.62* 30.0+ 0.62*
Value are mean *SEM, Between of group(O-Con vs Y-Con, O-Con vs O-Ex) : *p<.05, **p{.001.
@D Y-con: FdHZT @ O0-Con: =3FHWZET @ O-Ex: *3-¢5T
E 2. ggdist (unit : mg/dl)
Week 0O-Con Y-Con O-Ex
1 1471+ 4.4 146.7+ 4.58 146.7+ 4.5
2 142.9+ 5.58 152.3+ 5.8* 115.3+ 5.58"*
3 145.0+ 7.21 151.1+ 7.21% 112.9+ 7.3%
4 145.1+ 3.69 151.7+ 4.01* 114.5+ 3.84**
5 144.1+ 3.66 148.8+ 3.82 121.3+ 3.82**
6 140.2+ 5.05 149.9+ 5.49 111.7+ 5.26™*
7 141.2+ 4.43 143.8+ 4.62 106.2+ 4.43**
8 147.3+ 5.81 137.3+ 5.81 100.3+ 5.81**
Values are mean +SEM, Between of group(O-Con vs Y-Con, O-Con vs O-Ex) : *p<{.05, **p{.001.
@D O-Con: =327 @ Y-con: AEHZT Q) O-Ex: =3l+5T
E 3. Retroperitonial fat fed &7 gis} (unit : gram)
0O-Con Y-Con O-Ex
Retropheritonial fat pad 1.044+0.61 0.842+0.61 0.400+0.61**

Values are mean *SEM, Between of group(O-Con vs. Y-Con, O-Con vs. O-Ex) :

@ 0-Con; =3hZ7 @ Y-con:

”41 A

dolry] 98 37 BF
AR S A,
]| 31

Qx05p<mn)§
P

AddizT @ O-Ex: =3k

Aol vEkE
A]

o

EuL‘:

2 o}

B]/‘d ¥y

#ﬂ =

B5AE fA99

¥ Qe 83:3be] Ak
o] Wk (E 3
F ol H&l FEish

1 oL

r

*p(.05, **pC.001.

(o) =3
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2. AMPK % GLUT-49| H3}

852kl

b

st 54
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5 F UERE 449 B2
w820l

27 (p(.001) HEFSH
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AMPKS®} GLUT-4¢] thldutelopds 933 43 = BolFQa, AUAE9 AlEAlo]g] 1Ho] "ol 919

shlzo] the Tz 714 AA et thad 2).
el e8heEe] AMPKS GLUT-49] whild 2

opio] wslt) 2o Hla) Gl =7 (p(.001) Lk 3

WK 1-A, B).

B Afd A GAHor Pt g w3t Y F
3. X|M|ZO| =XIstY A7 ASiAb] e = DA gk A R] st
87t A 9 & SHed, HRAY] A7) Wl
8T kol WE 7t 7 AWA XS #A 9 AMPKS GLUT4 vl datd oS A5
Az wsf 2o AWA L e F ool BlE) 2 O A3 w2 Jddi e A FHd ugt
H g3k Aog Vet A&A 07 ZIFINOH(E 1), 89 A w3} 57|
W ool B A s bt vlE| AlEa vjE] A JERGA(E 2), w8 gl2Te] ERAAI A
717F FEHAA Agton Az v 3715 7)le U8 F 2o vlE F3iEH BdiEA e Aew
A O,C‘jp o) O/@L
<
AVPK - o 62D
e A~
S - o
B C
GCLUT4 protein
AVPK protein 3—2 r -
2 25 o 2 o5t
R T Eo )
€ 15 sl *
2 g Tl
® ®
E 05 E 05 -
0 0
O-Con Y-Con OEX O-Con Y—Con O-EX

12 1. Note western blot bend and graph of AMPK, GLUT-4 protein. AMPK and GLUT-4 protein expression
of O-EX group is significantly increased as compared with other groups. Values are mean * SEM
(O-Con vs. Y-Con, O-Con vs. O-Ex ; *p{.05, **p<.001).

O-Con: sitf=z, Y-Con: AUz, O-EX: L3l2ZF.
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5249 Oil-Red #4

12l 2. Photomicrographys of Qil-Red stain in retroperitoneal fat-fed. The adipocyte of Old control group (A)
is bigger than other groups, whereas adipocyte of Old with Exercise group (C) is smaller than Young
control group (B). Magnification x 400. Bar size= 0.50um.

A ositi=#, B: HdAtixE, C: 2sd

DK 2). ¥t ol w2 Fe g2 £ ANae 2F3A F5d 9 vE $ 7] wEed
oo B8] AMPKS} GLUT-4 ¢hild whglo] Al Ao GLUT-47F 74 ded A3k 2 1835 (hyper

u

UHERstTE glycemia), Z8]3 A|2% =¥ HEGD %
ol w7t AlFE A AReA A (o AFFA| dZh welA] wsto] whE AlFETkeh A A 2] B, AMPK
&, A4k, 085 o] skt 3 A GLUTA 28 2hae AdAPgelel #ad oz 4
E 5%0] H&aix7] W&ol (Shock, 1985, Adelman  Hdl| =22 F USL =8 4 9}
et
o]

al., 1987) AgdiAtel]l d3F< Il Aoz 2ot % + A7 =3t AFE ddoR 85t itaeE
w3t Az e Tleel R el Aol A% & T AT, d9E HlaEAeigla, &5l o8l vehd

|
s, AgAEe] A7)7F Weta, ded @ AR oz ERAe A7) Blskel AMPKSF GLUT-4 w2 da
(lipoytic agent)2] WS- WofZIt}, At} S7E Az & vlm BA8th 1 29 wake v 27]9
Al Xe 574 A E7IR] (inflammatory cytokine)& A =8l ¥} H|SBIGE AlFo] F9E5E TS 2F T
e o] 23 F (diabetes), XA 8F(hyperli B e ZastiA ¢34 wrix] B|%=g TAS
pidemia), 28, 5747315 (atherosclerosis) 2 A% §4] SIKE . At} w3keewe] 892 As 15
& =Y oyt e 24 YN E Ak SAATIAY o e 253 5T £AE BRI 27 RE A9
EAE T7M71E Aog 434 QtHGuo et al., 2007). wWi7EA] MA8] tad A4S Ho FUTKE 2). Wit
T3 o)|E EHNELS AT A ASFAEYAE BEL, ot w3eEwe EEAWAZANE w3 27
o|2 I3l &5 WellAe d&edAdde] A7, Al HlE] e FolEo] dem(ad 2), k3EwY
dMe BAES 7]5E Fojme)7] Wi (Ruderman  AMPKS GLUT-4 9l dd&e g2 £ ol v|a) f<

(e}

& Prentki, 2004) 9] 55 £ Zoz dddtt, A B/ HHIAKaH 1)
Saha & Ruderman(2003)7} #1213k vlo]l <]s}H, H]gk ol gt Arte 5o &l E4stE AMPKIF A4
AZH el A AAE AMPKEE-E GLUT-49] &% 94 Agtet 2834 & 29+ Aolgt & + v v
AAA7)7] Wil SFIA FFoll JIS Fohn 9ty AAE] AEkAb, acetyl CoA carboxylase(ACC)E
Holmes et al.(1999)= AMPK7} %32 4324 d4IA ACCEE S dA5t malonyl CoAS 74
o #oldhs AZska, Watson & Pessin(2001)e] Azl Aolth(Saha & Ruderman, 2003). % malonyl
s, 253 APPAE UM GLUT4TE 2 ded Co A2 MEZ=goRl2 long-chain fatty acyl-CoA



70 o]z 9

(LCAC) & 4ksl=d 5249 98-8 3k carnitine
palmitoyltransferase (CPT-1)¢] &%< =t} 18
22 AMPKE/el 93 malonyl Co A #4E LCACS
RS o] Ak Atslel ATP A4 £9(Saha &
Ruderman, 2003) A4S gAg A= % T
o} 53] 2457 22 AP A5 B3l 24359
AMPKE $EWE GLUT-4Z ©] A7, o]ojA] A%

v Sl FFIAE AXURZ A7) Ziﬁli B
o] Jth(Yamaguchi et al., 2005; McGee & Hargreave,
2006: vy, 2004). "<°] &% F AMPK”} Histon
deacetylase(HDAC)-5% Q1AFstAl7] a2, HDAC-5¢F
myocyte enhancer factor(MEF)-2¢] % 324s B3l
GLUT-457d2H e 2437] wZel|McGee & Hargreaves,
2006) &5 :‘E:’*J %“ETE: 15%2 —’F 511“ 74% jjrr)r

& AA ded %%7 —‘—é%ié ?‘%}’é}*é < H A7 ]71 o
ol &Y A28 G & A slojA &3}
A A5E & F S B ofgt #H|GA] o] FofRith
1E

4 ItHRen et al., 1995: McGee & Hargreaves,
)

McGee & Hargreaves(2006)°l 2shd, <17+ i
o8 FE= AP & GLUT-47F Hl2 —57}51 ATk 2
n3Ren, ol o] AMP/ATP Hl&& S7HA
AMPKE &4 Al#(Hardie, 1997) AEulel Sle
GLUT-4E 9£o2 o|Fay] fal €5= 571t 3lo]
2} 3l99th. Park et al.(2002)2 ‘;}7]{} $Eo 2 AMPK
349 =S FUkevn 991, Takekoshi et
al.(2006) & 4717t &&= &3l «4&?‘]‘%@’% ikl

A AMPK 34+ 2 gl o] Z7te|Qltta sl o,
olglgt Azt AEANE T/ ABE S5
e Aolgt & 4 Jdth(Winder et al., 2000).

upeb £ Qe gl oo Sk ERAEE 7]

-
.
URIEEES o) ZoI7) 92, 0|5 29 AL
[e]
=

7] A FoblE<& Oil-Redd 4 &3 Frjgtaoz
Asstlrt. B3 &5 25 FHE g A7) Wt
frelsil fad A7dRE erlsls, B ohe} e

32 JA"d AMPKS GLUT-4¢ 4 @ o] %% 2
S7HESEE LTS B HAFAKaH 1,

oelg Ate £Eo wsE A9

B2 o) A

AMPKS} GLUT-4E9 AR S S7A1A A UALE
SE593, o2l A vl WE AR Ste z R
B o = d5S AAg

7 H| % Hﬂ et e
T4 47 ge z*oﬂ
GHA »}EWE} p< 05, p<.001).

w3l 2o ERAH Al AMPK ¥ GLUT-4

g o] the 7 2ol ule) SAE Ao e,
SR ke Ee O 2ol vla F3lehl 271
A0 ertHp(.001),

o]’ éﬂ% 0kl b EREA] 4715 v
Bkl A o] AMPKS}F GLUT-424¢ S <
lﬂ* 4717t 58wl mE Ay
= 7.% 1%1 %‘iﬂ olgt AMPKS GLUT-4'%38 S %7}
< UE 5 I9d Aoz g7t
T o M2 AMPKS}
= oz BRAuts 9
AEUANYF L ] AGZIE AAHYSS B A8 S
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Changes of AMPK & GLUT-4 Protein Expression by Swim
Exercise in Fat Tissue of Ageing Mice

Lee Jin?, Chang-Sub Shim®, Yon-Tak Shim®, Jin-Young Yoo°, Jong-Ryoung Kim®, & Won-Kyu Kim®
Hanyang University®, & Kook-Je College’

The present study was designed to examine the protein changes of AMPK and GLUT-4 by swim
exercise in fat tissue of aging mice. We performed aerobics exercise by swimming, measured body
weight(BW)and measured  blood glucose(BG), and performed  Oil-Red stain for adipocyte and
western blot for AMPK and GLUT-4 protein in fat tissue.

SWV(n=30) mice at age of 2 months and 12months old were divided into 3 groups as follows:
(1) Old control group (n=10, O-Con), (2) Young control group(n=10, Y-Con) (3) Old+exercise group
(n=10, O-Ex). The swimming exercise was performed 5 days /week with duration of 40minutes for
8weeks. BW and BG were measured once per week. Results showed that the BW of O-Con group was
is higher than other groups, interestingly, BW of Old-Ex was significantly decreased (p<.05, p<.001) from
2nd. BG of O-Ex groups showed markedly decreased (p<.05, p<.001) from 2 weeks after exercise and
continuously lower than other groups. Retroperitoneal fat fed weight of O-Ex group was significantly
decreased (p<.001) and adipocyte size of O-Con group was bigger than other groups, but O-Ex group
smaller sized adipocyte than other groups. Particulary, AMPK and GLUT-4 which are related with lipid
metabolism was markedly inhibited compared to Y-Con group, whereas O-Ex group showed increased
of AMPK and GLUT-4 protein expression than other groups.

These results suggest that swim exercise for 8 week should inhibit adipocyte hypertrophy by
controling the BW and decreasing retroperitoneal fat fed through AMPK protein expression and
controling protective of BG the by decreasing the BG through GLUT-4 protein expression in fat tissue
of aging mice. Thus, exercise may be helpful to improvement of lipid metabolism function and may be
protective effect from lipid metabolism disease.
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