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ABSTRACT

Effects of Intensities Treadmill Exercise on GLUT-4 mRNA of Soleus
Muscle and GLUT-2 mRNA Expression of Brown Adipose Tissue in Rats

Kang, Suk-Hun
Advisor : Prof. Wee, Seung—-Doo, Ph. D.
Department of Physical Education,

Graduate School of Chosun University

In the present study, the effect of different exercise intensities training on the
blood glucose tolerance, GLUT-4 mRNA of soleus muscle and GLUT-2 mRNA
expression of brown adipose tissue in rats was investigated. The F344 rats were
classified into four groups, 10 rats each: the control group(Con), the low intensity
exercise group(low), the moderate intensity exercise group(moderate) and the
high intensity exercise groupthigh). Rats of the exercise groups were made to
run on a motorized treadmill by different intensity to each group for 30minutes
once a day during 12 weeks. Blood glucose in rat's tail was measured by Super
Glucocard II. GLUT-4 mRNA of soleus muscle and GLUT-2 mRNA expression
of brown adipose tissue in rats were also measured by RT-PCR and western
blotting. It was shown that glucose tolerance was significantly increased
following the low and moderate exercise group after 12 weeks. Also, GLUT-4
mRNA of soleus muscle was significantly increased following the low and the

moderate exercise training compared to the high exercise group after 12 weeks.



Furthermore, GLUT-2 mRNA of brown adipose tissue was significantly increased
following the moderate exercise training compared to the low and the high
exercise group after 12 weeks. It is concluded that low and moderate intensity
exercise induces translocation of GLUT-4 mRNA and GLUT-2 mRNA which result in
increased blood inflow thus glucose tolerance is increased.

Increased GLUT-4 mRNA expression may be mediated by the enzyme AMP-activated
kinase, which 1is activated during exercise and has been demonstrated to increase
GLUT-4 transcription. Further research needs to be done to investigate whether
AMP-activated kinase activates myocyte enhancer factor-2 and GLUT-4 enhancer factor

to increase transcription of the GLUT-4 gene.

_Vi_



A&

=4 A (contraction-stimulated glucose transport)e} ¢l

s

I~ = [e)
SR

L
.

o|J

o

A4 4 A (Kuo et al., 1999).

A Q

7}t

<+ GLUT-H4

ar
=

o

ol

vk
=

ol o

)
=

el GLUT-4 mRNA

9%

o=

)

el

)

F 4 A (glucose transporter)

—

NI
Nd
"
=4

|
~~

Hu
ol

3t 7}

A
A 9 (translocation) I}

=
g

3 H =

(vesicle)9]

‘:Lj_
Fol Mxd o o]

Yo &

hyA
o

Al

=
y 1

=
[¢)

o
oo

2007; Rea et al., 1997).

A

%7
(Dombrowski et al., 1996; Roy et al., 1997)02. 2 $ x| o]FA| o=

PAZI A A (Ex g

T-tubule

=1
=

(Klip et al., 1992)

4 GLUT-4&

A}
2}

o~ =
T

!

rJ
N
A

N

A

s

45 Z @ (Rodnick et al.,, 1992, 1990)

t‘gt

49

ks

g

olm



d kA Ee = GLUT-57F &Al8tA @222 fructosed w7+ 9A GLUT-29|

oEeA dr. GLUT-2v HFAYodA: uez Iy AFgddedqs A=

2R A AREdS o we] o] &3t s FEeth(Coggan et al, 1990; Henriksson,
1977, Kiens et al., 1993; Klein et al., 1994; Phillips et al., 1996). o] %+ &3 &
o] g9 Zax Z& ZFyzA El(Green et al., 1995; Kiens et al, 1993)¢] 72X

2 28 FF A2 o] 8 (Coggan et al, 1990; Mendenhall et al., 1994; Phillips et al.,

FFass ARAEYRE S0zt F, AXgAZE Ha AAFAEE AR

watel wofsts oY FHAAEe] HdHe M AWAER ddd. ol T Iy

st Wa7E dojubr] HeiM = ol ZhA A duido]l @ofstan oA o

Atz el Ao wE AW A&ridoel Fasttta Husta g, Nagaya

5(1995)2 434 FFoly A7 sl os ZAAYEANA GLUTs7 28

otk ®askal 9lom Shimizu 5(1993)2 F& 3743t ZAAwx4 GLUTs
3

WP FFAAAY FAel o8 o] Fojzitka w

N

ATFAT. o] 9F o] Fol A

AZge FF32 549 79 GLUT-4 mRNAS Z7FA7] A% GLUT-1 mRNA
= TUMAIA dEde g drt Ay n o &% AR wE FAS
I AR M EZA A9 GLUTs mRNA o 3 AFE= ul s Abg o]t}

_2_



wheb
g4 %2 @49 RT-PCR

jres

o
el

A 2el GLUT-4 mRNA % GLUT-2 mRNA¢

g]
Fol FuiAd st 71del o

S

3

<

Feach.

S

Al
3

it

a7t

2.

7hApm 23 A A4 0] GLUT-4 mRNA® GLUT-2 mRNA

=
-

FEgwe

EEET L

7FAE) 9] GLUT-4 mRNA %

I.

7H

R

Fro] uwhel o] 7t

AWz ] GLUT-2 mRNA 2de &%

o.
Aol

7H

= Aotk

R

of we} o] 7}

3 2

S
=

= 2AZ G

ol yeE

)

A}t el

F3447

s

o

e,

(1979)¢] W& AES

Bedford %

KN

2
T



o] 1

5°] GLUT-4

o

L

1.

TR W4T 1
TN o)) i n‘W % W mﬁ ¥ 5T K o W o
Mﬁ No 1o ﬂw B R N R 3 Yoo m WMk ° Eﬂ O
° ™ o o _,i Nlo = © —_ i = N Ne o °
o [ 3 T T _ >3 ol o -
CUN mm s o wu 5 X ~x Y = o N % 3
= BT o o~ W N BE = = O T = Qm T W R _
P [ S = m o = D R b7 ES R~ R~
L R L Pl oz P ET R
2 o N p = Ho = woxe RS = o oE i
K or ==
wﬂ S = W = o o o @ Mo S & oo
@kmw%sz% Mm_fzwgm&ﬂ#ﬂ
%xﬂ \ﬂ S R N o ) N M < A ™ o(% H M@ iy op)
@ _MV A e N i BP Ko =N x <X L=
G C R — o o 5 NG p K
Zo EE 5 .n|Aa _L., %o :AM :i _¢o m % T ﬂqn.uﬂ HT_ Ot ‘:1_ “ﬁw ﬂ ~
o " o —
£ o il D my - ob o = .w = i~y = wﬂ oR A_1 S iy o
i 7o WM A1) B do I8 o =% ﬂ,_ <~ £ No B o
< \Ul o Q = o Wﬁ A_I ~ T ~ ~ = o R Wﬁ %o
~ - § T ® 5= T oy 4 G oo ©
o & & F By ﬂ = - F N M -~ #r * B N
oy > = T ome T w 1 o g Mow W o GENC)
Bo X O T - an hlf R N = Y G T kel
- N 5T £3 — ~ o o]
I S wm W mc = = K o <5 E P mm -
s TyTsIitiiecifaa
- i R T < o ol
B R A;Egﬂo_aﬂ_a_ﬁm“:ﬁq
o ,_.W_,vE b.._ lﬂl :rv o T = o Zﬂo .ﬁo = =T o 1,A_I HT_ o
W 2o To = B e o) T NN <
o o K Mok 2T T o < o e BT
o S x o N B H oD o A T o o0 % M H
TR oy B = T o oo TmE R = T om T o
= o ]t T o= e A @) < I R r: ~r
ol w WME oy fri ) WL ~ my o< i M 3 A= Mw.rL ay R
Pe ® o T o g Ny o
= < oo o X - T il o o i
2 < 5 = o b ™ o
S oo M e ° N X S T do
5 O A T i = 8 - o i uj Iy
o T = | R < g oF ° o A Lo 1__.@
S M ow oW A H g o F X
SO AN

Aol

=

1

%A labelings AF&¢

RYA
ar

2% U GLUT-4e



ot
23
rot
Ex

W labeling¥® GLUT-4% %32 359 FA4A7 S71d A3 24 ¢
#HAZE Qe Ao=2 e THLund et al, 1995). o]+ ZAo% A|@ AW FA A=

AA olFo] 2K FFIAE FF Tt U wAYUFolgE AS AAREH

AIZPe] SF 3 HA ols A= AuA Bol o] FojAA Gtk 1 olf= Ul
o VleEol Ay 5 28 Ad ¥ 23] 5o = A He=w oA
= A7 dAAA AFAGE A2 =7Hss7] Wimeolth 2y Htell= open—-muscle

AA AR 9)=F2o g RE of (Ao 28 FEL J57 FAasd oAL

gl g2 we zAWol A A FA(vesicular) traffickingel]l ToldtsE AR o AXA

WA SyntaxindZF A7 22U EA48%S Lo}

L K
facs
£
t
o
Y
ry
=2,
&
Z,
>
=
!
L

Wi o]#)d AyELS GLUT-4¢ F 99 (surface membrane) &9 9% o]Fo]

SNARE @# a3y daso]l & Aolgte 7HAES s3] gk (Cheatham et al, 1996;

% F GLUT-49 A% EWo29 94 o523 A%sA st A& 449 o

AAE ok olalzt REST FAF 2K BF 27 ATSel s 4FAY

rlr
Py
flo
rl
Ho
Lo,
i
il
K
[>
4
ofy
Apye
™
lo,
(o,
rO
-9
A,

o] ~2~ 2 Y= (depolarization) s}



e Al

= (isotonic contraction)% 2

¢+

gk obuet of

e

=

A
or

ok e

R

o

No

ofp
op
o

of

ol

o
g

o

<

=

=
N

=
-

ol A=

49

#7212 (perfused) # <]

3] Ay A (isometric force procudtion) %

Aol M= o

~,
ok

~
ok

v

Gl
14
Ky
e
;O.ﬁ
~

)
T

Apol o] = of

4

Jaal

ol

N
c

—

o

o
=

Bo
o)

B

)

&

o
A

<]
™
iy
i

A

&)
M

o

o

i
¢+

folm

Ar

o 20 A=

9l

NB

ol
ojn

M

F7}

& 9k9] cytosolic Ca™

]
S

o~
T

FATHMU et al., 2001).

S

B T3 AMPK 4] o]

o= Hi

W7ol A Qls g of

1
L

°F71 A1 7

23

o vey

B

A 7=

.Z.Tl

el
4o

el
T

A
]
M
o
el
N
A

<
™
i
)
M
of
=

o7

N
A

ol
e
vAO

{n

o\
53!

c
Nfo

N
A+

o

[ A R =

JJ
To

‘mO

o

=

B}

s [e]
dFs

hva
-

Al

= o

F) ok Al (PKC)7F 1] ipolzh o -

[e2}
=

k2l 2} (initiator)

9]

x5 o] ¥

9/]

]

!

M

{

!

5

oW

o}
W

(L
mo
o
;OHM

Nd
oF
i
N
N
o

M
Ho

Ao

X
o

g, 71 o

L
T

i 2 5k

7ol o]s

=
o

o) %3} tlolaFe AT A

opo w o] 94

I

Hn

E=

L polymyxin B dAA| Algo=

)

[~
"o

o)

U

M
_
A

ok
=

‘uAlo
A

C

PK

%9

o =
T

o]
Eoa- 3

1989). 18 B2 =&

ol

NF
ol
A
{+
ofr
)l

B
)

ool

rJ
ﬂ\ﬂ

~

;O\_
B

ox

¢+

~

ol
B

7FA1 2

=
o

o
+=

2}
-

p38 MAP 7] 1}o}A] 9]

g

o
o
M



AWl A 3] 7F

kel
T

© ™ (Thong et al., 2003), ] 20o] £ %o

=

[¢)

o e T T T = =
A X o he) oF [ —_— - ‘l
o oot ﬁ M,#T e o A B N , \m_nvl w T R OW T ‘7|u = B T I
T AT = w v Iy W oA FO e T W T o < GO ™
Sk ®E N T oo MR L oo T AW E B ° g
o MR HooX = ®T S W T o0 2
i mﬁ mm wﬁ o T W W m T P E w2 Wom m M
© v ! TOo i~y — + ing
S S S SEE LR LN T L LR SR RN N
o) ™ u- TR T ol w P g S N . JJ‘_ S)
Cal o e - W8 ™ oo 2 TR OB
)| ~ T — _ = o !
M ._wm N <) o o < n,Ku o Mo_m o __ W ™ S M#Fa z = & SR
o of A . o5 0 = = A ‘lﬂlL b do X ‘DF EECA & = A
N _ - = BKo T T o N
Q%ﬂﬁwﬂwﬁﬂﬁﬂﬂx%W%Mﬂmlﬁﬂa.dy
T B S~ T T T Kok Koo Ao oy
™ o T o X o o r o up r A .
| el ) S Mo = 3 ooy
% o EK ol ~ I T ° CI~ Ho o W X
Iy Woae oo o2 X A =
D P M A S e o 2w o ° w4 T
T % T = D — I No B A = o k- .3
) X o éo ﬂl <° \LZI Ee ~ W_E ~ 50 o o#a & w ﬂhﬂ m .Au_ =
How g e o - TRz W BOE o F oA ow Foa W L
poM w2 T O A - B
— N m £ o X B A X Y = A 3 ©°
N — e N 0 ;O‘_ = g ﬂtl‘_ N ﬂ.o” W E#E o ey
— oz QN b A o5 ol ~ =)
X 2 o Lf é.A va \_Iﬂ/l e —_ El o) =0 X
—~ A_I AT 13} —_ o o ﬂﬂ ~ AT ~ [~
Noool oy < W b o = — = o do = Xq o ol L)
Noo 57 o poo 5% ) o L X = AN =3l Hoe X
L o S owp { T a2 o= ¥ 7T C 2 oA G
@ 5 O w T3 EX _ & s ET ZOM o
o 3 o= B4 R - TR LS Ee X = T
& © s T ok ow o 5 NN BOE o e = O 0w
ey o Z o M T E e ow g S T LT
(T — oF o)/ B g 5T i N - A - C2
b ST L R kT omo Eow P WooF b X
o oz 8 2 FER D o4 B o N W
il iy . © % ) J) 2 N m (- ] w T H e
S S B S B R = T o L %R
I - . 2 M = o o= T A 2 %
R T - - BT S E 0T ol ERNAIN
JL ﬂyl E ﬂ‘_m.‘_ a‘_ S A ,mm _ =~ ﬂﬂ_ 2 1 O_H = uﬁ pans Et ﬂwl = u ﬂyl
%%Hmmcﬁurﬁ_z W %xmqmﬂmﬂ_g
o) —_— _ ! el
R e A N m we =



% CIE R I R T4 K oW oo oo T o S o
) pr B/ .Cl OL E# AT — O_H =r T_. [oanl ©
,ul _ o Ot OE E) .Ea "3 E#a ,mIrL .Ea T,. X # <t _.E R ) _W.v - _L
BT T o4 * T B T 5t S 0 Lo oo B3 °F
= I - ) oA = o 2" R <9 ¥ oA
T i EREN Z R Owop wow & E B
. T o5 o gy Moy _ RN TR I T A = R
o N T = 2 oW W x o S R D e
GO I A - TR » Gl S T = A
i M P FEFT R g Twe T PR w3 i
c PRl e fEETELIE shrgelazact
o v s A W X b o T or - A ~ = T o = ° = i e o))
s B A A A S LI T
= 5 o = Ty = - R -
O “..t /Dw s _.w R B " m“ j < ph K om0l wﬁ ®o - 1% W
— N — = © !
8 | = oM S B2 S <) T iy
> T mom I S ) BOE o l © . = % fo TP
o w0 K ) < g = - g - , N
S BT - B 5 S ow T “wE£ BT~ BTE
R B T - T T M = B B
e 2n G 7 I o A 3 1% N Fo ) do A - o T o
TR o 4T e BT EZ o n ¢ o5 F e T
SO S S R T B I - R
T W oA o e Mo owm oom s w oy N in T B zE
v o = W T N . AR SO R B -
Yoo ow N orod d L N A S TR s B TGS
wm W o N o ,zl‘_ o Mo o) 2 = & A o i ol ML &) ST < =
s m w® A T oy g CRRE I L
Wmin%#mw%i_t%%%ﬂ@%@Mg#ﬂﬂ@z%
s A p o ey s o o X e o =W = o
QM E < : o o T o T oo M o4 om W = N E _ a8 = < il Mﬂ wlrm
SEd e g E2euye pde ,®e VY KB s, 3
_ B gl R w A WMol ™ R - U N
o - ™ oo ST oo fy A o ~ T N T 2 = o~
fteme ittt TR TR e PR oE N o o
= — = o X o T B Ko <
I T S B TR TR S A SRS e o g
E¥ 3 g 0 EZ® T sx 0o E R I
5 © AR I N ™ O i e w = w = o ° A AR 2
= W N O T b T oo H o ow om &

bttt w3

=

[¢]

] o]

=1,

F713F e A7 AFE Eg ol
=

[e]

.

(2004)

@43 dEel GLUT-4

=%

[¢)

At} (Daugaard et al., 2000). Holten



SFA AL, Alessi 5(1997) cledo] A ETo|A Ad&d 44

i
gt
o,
o
>

N

o A PI3 kinase (phosphatidylinositiol 3-kinase)& & PKB/AktE <!
AFERA A GLUT-49] 248 fFEgrha 349

oH EFEE FFY 24 B 71dE FUHA WA F2 ayEeH, A
A $EAAY AFNE BAE T AT Ca'Y FTEFER o] AEY Ame
Ca”'/calmodulin-dependant protein kinase(CaMK)9 22 protein kinase C(PKC)7}
HoJsy EAe & 55 ol dojus 59 AA dAbA e Bas e, o

Ao ol w3, pH, 7145

=

F %ol ¥¥5m, 5 AMP-activated protein kinase
(AMPK)7}F & 24224 9&S dti(lhlemann et al, 1999a).

T 4EN QaUe BALW FRms 59 F88 4P SAA00h GLUT-

.p

oy
o

o Zx % td Al 2" (t-tubular system)o. 29 Y o]Fo] TH FFAXE F

2 mAYFelgts Aol o4 AA7E 1A (Richter, 1996), ©]
o] EF AL FFEe TS AT vMAYUSFAA], £ GLUT-49 19 &
o S7F g o7le Ao = AJMA N A =Ao] sl sk

AgAE Axrd, vbAdeE 520050 65739 @El7] &% °] streptozotocinl

Y

off

2 fFEE 9xFe 7bAv 2 GLUT49 VAMP2 ©iiz whgo] ojufgh f gk n
A Ag dob Auh, AT £F Edolde P e GLUT4S VAMP2 @)
o1 F(2003)¢ ATAAE ATH &F

s @A ez TRee Fad b Ao =

H

A ddS FUMAHA G Bausta g
o] HAZGLUT-4 2&o) =719
3 A 5(2003)8 ATl st Z=AZ GLUT-4 23 =ke] 2% v g w(100%)

=2
=3
ol
Mo
ofl
N
un)

= 125% = °F 25% T 7Hg Ao = Euskal, Goodyear 5 (1998)<

+Eol TADY GLUT-4 @ d 2 dS S7AA 7 58S Ml 2
9]

. ol9}

2ol g MawRolA €50 GLUT 4 w4 sxol #4492 Wss 7Aden

[
~
ﬁOL
N
rlj
Mo
off
o
il
)
M
1o,
D
(@
=
>~
L
o
2
N
~
[0}

A Baskal Qv shAIRE F el wE st Az o] GLUT 32 g
il

3} & wEd #dee] & de FAst. AT (20042 &F =l



ol

o

d Aol p38 MAPK®] A4 &

2~
=

|

[e}

75

1

A

|

gl (Furtado et al., 2002), B2 p38 MAPK7} Al¥x EH o= GLUT-4

PPN
Tl

ER P

A

Hn

M
o

—_L

} 9 tH(Widegren et al., 2001).

[

AlZIYaL B

R

o s} ol

B

]

[¢]

—

Y

!

Al

L

T

7}

=

[¢)

o], PKCY &A=

L
T

7FAI 7]

=

[¢)

PKCe #A4 =&

T

1

7}

[¢)

=

Uz Ca¥ Fm9

P

7FA 71¥ (Torrance et

=

s 3
A 21t (Vinals et al.,, 1997).

=

1
- 10 -

GLUT-4

L

R

3 A

)

d], MAPK 94|

L

T

o] A &

]_

S

adenosine, nitric oxide, @ AMPK$% #<& ¢}

al., 1997), %< cAMPel ¢
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2. $%0o] GLUT-2 23 nx& 943

GLUT-2¢] 93] =Qse 2
ozl ES%3 217 gL g

(Brant et al., 2005). A A= o]

o

74z Zlef| wlstke] 17~20mMe] WA %2 F

)
(=)
=]
Z
il
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£
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N
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N
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)
H:l
-1m
2
[>
off
ki
=2
=
=
»
)
L)
oo
o
fru
X
o|N
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ol
ol
X

T8 9 R fructose R BHEL AL FFT F dus Aotk mpATOR
A Eal

GLUT-2v & 3 A& F33Axe SA% EAst=t o AlxsuelA
GLUT-2& 27328 A0AZE $53E A 20AS S04 5 AL
7b 915 $1A2 ¥ sodium-dependent ZF I~ FEA Q] Yo SGLUT-1°l4
AW el SGLUT-20 &fato] Ao ¥ SF32E BAIH 2AHo B=
Aol Aol A GLUT-2% brush bordero]l EA43E GLUT-59 28 3HAaks

rr

oft

sto] MX2 FYste fructosed SALS T3 FAS YA Zast. 1A
XA GLUT-2& f%&

of Hatole] wWE FFiE TFo] Jteetth o] 50 WS IFIA E& o
Ab R AR, 2 Sg Rl e 2 G s2E - os) ¢Hnh A

ZolE GLUT-57F EA6tA $o 22 fructosed EFFE 9A] GLUT-2¢ 9 &3}

ghekell EASEE o7ldAE 1 gty 5402 s

A, GLUT-2% A8 4o ds 152 ddsen dadndis Axy 23
o Fdol WA ootk o¥ @ GLUT-29] 5 %

o
flo
fuld
u
Ky
[»
1o,
o

2,

%
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ol

o Ao S5/ A7 VTS
Rencurel et al, 1996). GLUT-2¢] 7 WellA o] A sto] dafjA= W x45}d
¥ (immunohistochemistry)oll 4 ©] =% A2 CARBOXYL-TERMINAL TAILel|
Sste 54 FAE AbEsto] AFEHAT. o] FFAle XY fFEol FA 355

ol glow Awl IbAlx Fo] Bsto] I Az FHA ¥ A LHE= A

71 #3k vlgS o] 29 (Burcelin et al, 2001;

>
>
N,

FAe fdell= GLUT-1 A4 EAshy vz sielyel] ofsta o= 49 &

*
~
>
kel
=
>
lo
Hl

T

2
)
7
-
ofy
2
offl
Ho
fol
B>
lo
>
fru
)
e
e
2
B
i
X
N
hasa
oo

A2 ARE FAE 2 EFazY dAure WEo] F3HEY. GLUT-29 =2
By
[e]

S8 9 FgHoa: 5

J

58 A% s d4w oA

Ao Ao oA GLUT-2% Hiob7] E7lo Aoz AAEHE=d 15YU A9

4
o 49 AmA =as: Yoo BFAH FERAE ANTFE FREY F
FaAdelAE AT 250EH BRH7] ARt 4F 0A7A FA7 FEwch
oo Wl GLUT-1& ®lo} @ A4olul ¥& FA2 woltrh AF 250 das)
71 AAskel Aele] M@ w§ wrebrth Sla7]elAlE GLUT-10] lo}bs] 3+3o

M =duzE AFol gaste] Aol HY W A ZEets A EutFo

i
iy



| Jvh aYee FEA Bdo] WEES oprehs %

GLUT-2 2d& w7 FA9 oA Zasty &35 34 ta Hols H
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Sole Ao® HumEa Qv Hu FHZE AFoA FHo A streptozotocing FAF
3 & GLUT-29 98 thex Zov. 2% & dul 5% o641 7)) GLUT-2
o] mRNA7Z} 90% #4&std<=d ol A WEe Axe Iy 2 o w2 <l

A~
=
HEE AT adedds % AdITd el dnh Iz 484]%to] A At

)
=
c
—
o
3
=
z
>
Rl
o
jus)

L Aol wla 26} wolgam 48~T2A% F oMxd 3
Ao Al Bt o ddl2 PEPCK mRNA® GLUT-22] mRNA

,ﬁ:
of walx A& Wagon FFEAI)JolA e mRNAE 6417 Fo= ok7t o =
ol

o
X
ul
4
21
[»
rlr
[»
[
fitl
()
—
c
—
o
B

=
Z
>
A
X
=2
Jho
™
i)
offl
o
_0|L
rlr
po)
o
fitl
i
b
fo)

(non-metabolized) 712 ¢l 30-methyl-D-glucose®} 2-deoxy-D-glucose & & H| 44 ol
Ao 2= BIM55k) streptozotocin Bk HolA] #BHHE GLUT-2 2d 9o =7}
v ded As57 gl AHol A EF=Z X (phlorizin)S AHEste % 253~ FEE
Yol g A}t insulinomimetic = & ¢ ¥y 4EA (vanadate) 02 Ao =y o=

2~
T 9l
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Zuckertt Wistar B9+ #F, 22 viable yellow mouse® 22 H|¥ FEAxE A
A AT Blate] Hste] GLUT-2 2d e F717F yEld),

FEE AEUY GLUT-2 @de 242 3 ARy dAdger|ngs /4
A ZHAbell 71 A= AFA gl A st A AR 2d e FF AT obA

9 T golA] FE o oA A ¢l N-acetylglycosamine’} ZF 3 2o 9&] &35
—/_\_
N

rle

GLUT-2 Wa< 7] wito] F2axe Q4ss 28

ne
il
ol
R
[>
lo
=

& b B fRaket dAlE w9 A9 GLUT-2 2o Sdel 77be #w
o wA EdzAAG A ZIAE AAET o] AgA FFAE= AR

(endogenous) GLUT-2 mRNA @&} v e oz vy x99 dds 7}
AN A o] 2F 329 HA 2HEE st 845+ GLUT-2 f3#
cis-regulatory 84252 AL Al A4 vlz AR e 338W wEULE =
Yol 9 x]3kc}. ol ol L-type pyruvate 7] vholA] # 4 =} x*

8499 sequence 2 o] wEUALEHE Yol A

e
mh
Mo
full
u
=
[»

2 Gy R A ke A sequence’t EATS A|AFSG AW FE O ZEAE o3

GLUT-1 &

m
b
(ot
ot
=

b=}

2L @A FE A FrtE R e FE R AW wd
(terminal hepatic venule) F=%¥ 2] A E o] X714 (additional rows of hepatocytes)
o Aol e Az dgFo WHIHTeE te ded

= 9 8ol t}(Brant et al., 2005).
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e

=
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o
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= 9l o™ (Laaksonen et al., 2002; Duncan
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el
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A2 3ol (impaired glucose tolerance)=

G|

al

b oA AR

5]
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et al, 2003), °] &

, 2004; A EA, 2005).
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[¢]
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9] insulin ¥4 7|5 #HA
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=
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(Mari et al., 2002) &3] ¢
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e

)l

ol Alzg o] EuUA (glucose intolerance)©] UEFL}
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=
o
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Njo

il

7, A Aere] A

7F(Olarinoye et al., 2004)
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B AdFE &% AE Aolo] whE F344 IFH o] siAbn|np AWz o] GLUT-4
mRNA9 GLUT-2 mRNA F$ &4 wglel Aststd 5A4& Fwstr] fste] &

¥ AEE 1277 A4 $E A

re
oT
=2
>
oo
it}
ofl
(e
rlo
Hl
L
o
rO
ofl
(e
j)_lul
ol
find
Y
fr
A
o
of
ol
-2
flo
o
o
]
N
ottt
it

LRGeS AFA AW E(5-8m/min, 50-60%V0:max) & H Hn=10), A+4 F
7 & (14-16m/min, 65-70%VOzmax) =% d©(n=10), A4 117 %=(22-25m/min,
80%VOomax) +F A (n=10)0. 2 EHFagon, Huaoz
AAA FARGEN=10)S Fol vlusdtt. A48 APFES A A7 T3t
Ao} Fa Y (korea purina)dl A A #E = 8 ALFE[Crude protein(15%), Crude fats(2.0%),
Crude fiber(15%), Crude ash(10%), Calcium(0.8%), Phosphorus(0.4%)]¢} &3 2%
AfragA AFHEES dgon], 25 22-24T, 5% 60%9 Ab&AoA A%

A 0] 2 (30cm*20cm) S o] &-3to] TAe Ao A A5 AT
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1. F-344 males, 753 (40v}tg]) : 29 Wyoe=z I 7
1) A= &5 & (n=10)

2) 4= +F3H9n=10)

1. AZ=E : speed 5-8my/min, grade 0. 30min/day, 4days/week, 12weeks
2. T74%  speed 14-16m/min, grade 0. 30min/day, 4days/week, 12weeks
3. 1% speed 22-25m/min, grade 0. 30min/day, 4days/week, 12weeks

(=]
= 1o

1. A 348 AAF Gl 8 AAE
2. RT-PCR : GLUT-4 mRNA(soleus muscle) &
GLUT-2 mRNA (brown adipose tissue)

!
A8 Ag
1 2 32" Ay TFAAE A A

oL
N

T AT AR AT
3. RM-ANOVA : A4+ 343 AA 23t

4. FAA 79 F£&p < 05 2 AA

ANOVA¢®} Duncan's post-hoc test : mRNA & &4

3t

i

Table 1. Experimental process
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Mo
1Y)
ol
¥

=
kv

=]

Al
= H T

ot

% 7909 8443 2 Ed=Y A% /10& AA Bedford ¥

ot
4N
Mo

(1979)9] ol wel A 74 A% = (5-8m/min, 50-60%V0O:max) & HH H(n=10), A
T4 S %(14-16m/min, 65-70%V0smax) &#dH @ (n=10), A 7+4 173 %=(22-25m/min,
80%VO.max) THAAF(n=10), FARAF(n=10)22 EF3don, FTHADRL 154
of 49, 13] 3027 1252 FA &Y tHTable 2). A5 &Fo] A7 ozt Aol
Al Fodstr] fete] AbS Al 29 wld AY 8Alel AF L of3 8AI(12hr:12hr)

of AFol A% Wy 4FS 2Pl AAIES FAHA FoEM FAL
¢

iRHeE & ¢ JEF FEHAL. 1em 2% F A9} d2 £ FUD
ol Edewe WE swe] 4AE 10voltse] A7) AFE FomM Aol

Table 2. Endurance training program

Duration Frequency Intensity Exercise time
Group N speed grade
(weeks)  (days/week) (m/min) (%) (min)
Con 10 12 * * * *
Low 10 12 4 5-8 0 30
Moderate 10 12 4 14-16 0 30
High 10 12 4 22-25 0 30

Con: control group, Low: low-intensity exercise group, Moderate: moderate—intensity exercise
group, High: high-intensity exercise group
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4 (RT-PCR)

ZbAv) 22 Ao 2 R E RNAE

(1) mRNA %39



TAE 243 T Bt o] & Easy-BLUE(Intron, Sungnam, Korea)< % il
245 vhde ¥ 15ml FEA Iml® EFe 9. 2 FHEel 100ule] chloroformS
Ha & 5o Fo] 5 v Aol AAANA SdWAS A ASATE samplesS

15,000rpmell A1 153 F<¢F dAEg st RNAE w88 § RNAZE 238 A5
Al FEO %7, isopropanolE 7l & dZolA 168 Fob AHAXAAT 4%A4,
15,000rpmeoll A 1538 s A e F 4TS AAL 5% &= RNAE Al
235le] 4= 4 8500rpmeol A 8% =

oA 10 Fe Ux=A7]1 fdx¥ RNAE DEPC waterell o] 270nmoll A &%

ZA o 28E mRNA 2ugs MMLV reverse transcriptase(Promega, Madison,
WD<9} random primer (Bioneer, Daejeon, Korea)s &&3lo] 37=A oA 1A+ 5
HES Al 7Yk, GLUT-4 2 GLUT-29 acting @olR 7] $38] 486bpet 811bpel
primerE ¢4t GLUT-49] forward primers (5'ACA GAA GGT GAT TGA
ACA GAC3)¢ GLUT-2&= (BTTA GCA ACT GGG TCT GCA AT3)o]i
reverse primer= (5’AAC CGT CCA AGA ATG AGT ATC3)¢ (5'GGT GTA

rO

GTC CTA CAC TCA TG3)olt}. T3 wdg o dA RNAE &Qlstr] AT
actin®] forward primeri= (5‘CAC ACT GTG CCC ATC TAT GA3')°] L, reverse
primer= (5TAC GGA TGT CAA CGT CAC AC3’)olt}. PCR2 94TColA 583+
pre—incubation, 95C oA 60% %t denaturation, 56 C ol 4] 60% 3} annealing, 72C ol A
60x 7t extensiong 253] WHE S} 72Tl A 5E7F post-incubationdle] G35}
w 15% agarose gelo]l A7iste] el & I-Solution software(Image & Microscope

Technology)E ©] &3} 4% 3}31 9
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B Ago|a Ad& 28 E SPSS package(version 14. 0)5 o] &35Fo] Hi 2

F
N

HAAE A= v &5 Zxol e 7FAn 9 GLUT-4 mRNAS 242wz 4]

9] GLUT-2 mRNA Z&de] ezt i x] zto]& Hlwal7] 93] one way-ANOVA

g, YU HAAE repeated ANOVA(RHEZ7 EAHEA)E A AIG AT Fo 3 Ao

of el A+= AT WH S E Duncan? ©s R wH I} pairwise comparisons A&
=

sgon HAke] fo FES p< B5FEO

_21_



V. 4723

1. % 9% 7}An 2 GLUT-4 mRNA ‘%4

ZhAE 2ol A W H = GLUT-4 mRNA &=k thsk A4 28+ <Fig. 1>
oAl B wpe} o] A ZtH o R TFzke] F3e AolE HOTE ol e AHA
A A2 E <Table 3>, <Fig. 2>} o] A2 18149.10 + 956.86 (volume), A7
T EETS 2313600 + 80956 (volume), FTHE FETS 4231940 + 119475

(volume), L7} % %52 6446.70 + 469.15 (volume)® YElRTH Aok 7Fxin &

= .000]. olglst fFrejAte] Uist ALEH S5 S =24 Duncan's post hoc testE A A g 2
I ZpAE] o) A 9] GLUT-4 mRNA 2@ HFL SAlwd v& AFE 53 T4
T v =2 BHEFS HYoy AR EETolAe FATREY GLUTH4

mRNA T& o] SAH ez Fost Fast= Aoz Yeputh

Treadmill

Con Low Moderate High

GLUT—4 486bp

Fig. 1. RT-PCR on GLUT-4 mRNA expression in skeletal muscle of rats
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Table 3. GLUT-4 mRNA expression in soleus muscle of rats
(unit : optical density)

Groups N GLUT-4 mRNA Relatived density(%)
Con 10 18149.10+956.86° 100+0.00
Low 10 23136.00+809.56° 127.82+8.63
Moderate 10 42319.40+1194.75° 233.79114.54
High 10 6446.70469.15° 35.61+3.21

Al values are mean#standard deviations(S.D).2**% Different superscripts in the
same column indicate significant difference by the Duncan's post hoc(p< .05), Con:
control group, Low: low-intensity exercise, Moderate: moderate-intensity exercise,
High: high-intensity exercise

Relatived density (%)

Modergate
Groups

Fig. 2. Quantitative analysis on GLUT-4 mRNA expression
in skeletal muscle of rats
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Table 4. The results of one-way ANOVA and Duncan's post-hoc test on the
GLUT-4 mRNA expression in soleus muscle of rats

Sum of of Mean F-value
Squares Square b
Between Groups  6.7E+009 3 2.2E+009 2774974 .000

Within Groups 28966811 36 804633.7

Total 6.7E+009 39

2. 59 9

=

M Av GLUT-2 mRNA 23&

2ol A dd s = GLUT-2 mRNA 2@ el digh 444 2As+e <Fig. 3>
oA B mpel o] A|ZA o g TaFitel T3 zto]lE HGTh o]o] tfdk A
A 5= <Table 5>, <Fig. 4>} #o] SAla"2 16438.70 + 1086.975 (volume), # 7
+ET 2 1564890 + 76854 (volume), FTHE F > 43566.10 + 1322.196 (volume),
DT FFTL 2746110 £ 808.02 (volume)Z YEFGT 3 2wy GLUT-2
mRNA 2o Ao]Z Lolr 7] Y3 one-way ANOVAZS 2 A& Z3} <Table

6> ol ezt Fo3 Aolrt 9= AOoE BN Y[ Aa = 1626.448, p = .000].

-

Duncan's post hoc testE AA| g Az} 241

e @ folatel T AT HF oA
Aol e GLUT-2 mRNA #@%e A0l vel 4% £529 12% &
o
@3 wlaste] GLUT-2 mRNA @] BAHOR folstd ge& Aoz ey

ot

TwolA FAAOE Foet =& THEY

o
f
>O
2
o
kil
Mo
offt
=
=
>
rir
offt
N
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Treadmill

Con Low Moderate  High

GLUT-2 811bp

Fig. 3. RT-PCR on GLUT-2 mRNA expression in brown adipose tissue of rats

Table 5. GLUT-2 mRNA expression in brown adipose tissue muscle of rats
(unit : optical density)

Groups N GLUT-2 mRNA Relatived density(%)
Con 10 16438.70+1086.975° 100+0.00
Low 10 15648.90+768.54° 95.51+7.06
Moderate 10 43566.10+1322.196" 265.98£17.74
High 10 27461.10+808.02° 167.79£13.54

All values are mean+standard deviations(S.D).***“Different superscripts in the same
column indicate significant difference by the Duncan's post hoc(p< .05), Con: control group,
Low: low-intensity exercise, Moderate: moderate-intensity exercise, High: high-intensity exercise
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[ ]

=]

L]
1
[

[l
o
[=1

Relatived density{%)
P
[ ]

100
50
0
Con L ow Moderate High
Groups

Fig. 4. Quantitative analysis on GLUT-2 mRNA expression
in brown adipose tissue of rats

Table 6. The results of one-way ANOVA and Duncan's post-hoc test on the
GLUT-2 mRNA expression in brown adipose tissue of rats

Sum of o Mean Fvalue
Squares Square P

Between Groups 5.1E+009 3 1.7E+009 1626.448 .000

Within Groups 37559534 36 1043320

Total 5.1E+009 39
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3. T AA

AEW 1273k $Eol Fulgel WEe mAE e Bass] 99 AF 9

25t HALE AAE A3} <Table 7>, <Fig. 5>ol A =

rir
=)
fo
M
)
4
bl
R
oN.
1)
>

Ae Aoz YEPSTH Ao 1 =
9.936, p = .000]. o]o] wigF AFZ A= AF <Table 7> e B} o] oFAA]
of S F 32 AF 308 FolAes 2FTA Foe Aolrt fle Ao YERETE 60

w o] FHH 1202 7HA = A 25 EF AL A HE Rl F
3

o] AT HF FostA He AES How FFIUAAE 60E7MA %

Zed Aol7b gle Aoz Yegoy AAH 90w, 1208004 A, FAE SF

o] 1A% ol vlE fFoA Fade Aoz YERETH

Table 7. Glucose tolerance test (unit = mg/dl)
Groups N start 30(min) 60(min) 90(min) 120(min)

Con 10 81.20% 2.04° 150.30+1.70° 171.40+4.74° 141.30+2.75° 121.60+3.74°
Low 10 81.90+ 2.28° 150.90+1.44° 162.40+2.79° 135.80+3.58" 107.70+4.21°
Moderate 10 82.10% 2.80° 151.10+3.31° 162.30+3.56° 134.10+3.84" 108.90+3.54°

High 10 8340+ .69° 151.20+2.48% 167.60+4.03° 139.90+3.14° 117.60+3.68"

All values are mean#standard deviations(S.D). abed, Different superscripts in the same column

indicate significant difference by the Fisher's pairwise comparisons(p< .05), Con: control group,
Low: low-intensity exercise, Moderate: moderate—intensity exercise, High: high—-intensity exercise
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a0
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——Con —8—Low

Woderate

Hiah

i -
o

a0

Al

RAZHE)

a0

120

Fig. 5. Glucose tolerance test

Table 8. The results of RM-ANOVA on glucose tolerance test in rats

Sum of df Mean Square F-value o)
Squares
group 934.095 3 311.365 23.725 .000
error 472.460 36 13.124
time 164562.1 4 41140.533 4396.661 .000
group*time  1115.630 12 92.969 9.936 .000
error 1347.440 144 9.357
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A<l GLUT-4 mRNA
L

FUA 593 GLUT-4 mRNA

A
&
[¢]

A =

Fadck 2 A3 A, =

)

Al

e
=

|

o

il
N
Njo
B

o)
oF

I~ I~
T%

K3

urE w3

=

el el A b el

L

T

GLUT-4

whe} 2ol

1
(glucose transport)¥ @
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=
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!
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o] & (translocation)
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=

=
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1987; Richter et al.,, 1987), A X 9o| el GLUT-4 g aFo] 15-3uf7t# &7}3th+=
AL a3t tH(Douen et al., 1990; Goodyear et al., 1998; Marette et al., 1992).
Ao AgA ol wezm AA L (in vitro)ol A wjYgd & Al EolH GLUT-4

waol Axel EART $Eol dF = FH3 Asdd o MEUEow

o] Fo] Fr7lettt XM ardtal tH(Lund et al, 1995, Wilson et al., 1994). o] &]3gt

o
T
e ndd ole® A4 FE $¥ O e wEA £He G 25

HRehs @de] BdS 2 ¥y oyl oy A5 E 7 Z(signalling pathway)

g ZAFA7]17] "ol
TAZNA EFo o3 FFA~ 7Y (glucose uptake)> oA Ao nlE thokdk

EAAESH 71do] 7t&st o] A3 AW AZAAMY SFIL Fgo] G
At o]elgr A4S ¥ A9 (plasma membrane)¥} t-A| T (transverse tubule)2] #
Faitel ®ol 9= GLUT-47F RAEH #7Y F7kek Al o5 T2 (membrane
transport capacity)©] S 7Fgto 2 2Al ¥t (Ploug et al., 1998). 18] 22 7}Apw] o
A EEd 2 el YT B a5 dude] e wste "ge Bdo] 9l

% FAHA T FE B 24 VNHE AA F A AZE AW ¥ rH(lhlemann
et al, 1999b). AWA 71 &% A4 A& AFel & =+ AXY Ca’ ¥
Lo Wslo|t}, ol AR
protein kinase C(PKC)¢] &4 3stE w3l ol Fofxo, FHA 7]dL & 550 dof
s woh ZAEe] AEHQ dAbRE e Wstolth o 5ol og tiAAA S o]
23 & (jon balance), pH 2#]a 7]& <] oo wzg} W3star, 5 AMP-activated

= Ca%/calmodulin*dependent protein kinase(CaMK)$}

protein kinase (AMPK)2] &4 3}lo] o &S W=t}
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g e F7A AEY Ca¥Y e wnd AAATE wy GegHow
FEE = AZW Ca¥ BEE FANL 4% B £l FA51 AT s
gol A7) AL At & £5 FET A9lE F FFo] F/hAGL was

31 A (Holloszy & Narahara, 1967; Youn et al, 1991). Thlemann % (2000)2 #
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Lo
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N
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Hv
ol\

7EAL G FEe FS 2 F5o] HAHE MRV S
2 2532 Yol HATT L B skl

4 7ot BEE Ca'Y SYEA A AR YA 4E
A RuE A= A9 CaMKII(Ca®'/calmodulin-dependent protein kinase 2)<]
#HAgS AT drk AETW Ca¥'e] F7te e AE 9w Es} 374 calmodulin
o Az A8s =24 Z(Yokokura et al., 1997). &0l A calmodulin® 54
AAE Aestd <5 & 5 v&3% GLUT @94 2o At
(Youn et al.,, 1991). Ihlemann % (1999a)< calmodulin G A A ¢ 9 F% AGAZE

szl A b ddE FAst=d 24 A3, calmodulin®] M &AL & F ol

2
v
ot
28
rir
12

[Care] L N

H A7 E CaMKI JAAQ KN62& AT 4§ 2AZolA 2 FHof
A fFrse T FEo] o 50%°]7d sl (Wright et al, 2004), CaMKI 2%
AL EEE FRT FA AR TAZAA Frhgttal Rasta Yrth(Rose &

Hargreaves, 2003). L&Al &5 A &4 LA calmodulin®l Y calmodulin-dependent
kinase?] F71= 9 43 GLUT-4 @y do] v & 34701}

Cao ® vt shelEAR ez wulde PKColth FAdd PKC w@ulde
ol 9 F FHA AEAEZFY AT F (particulate fraction)F & 9] o] F S
g g A 2ivka e A oh(Richter et al, 1987). =8 & 52 PKC @435 &4
o] o}l A = g Al = (diacylglycerol) ] 25 Z7FA| 7] 2 (Cleland et al., 1989), PKC =}
@A) 91 calphostin C& &% Fd3 &80 FY3te] PKC &5AHES AT AF &
S 25322 9% GLUT @9 d e 43S A . (Wojtaszewski et al.,, 1998;

Thlemann et al., 1999a).



H AFoAe Eded 287l E £33 #A(Chen et al, 2002)% AdAE ®
Al (Beeson et al.,, 2003; Nielsen et al., 2003)¢] =74 Zo|A PKCe 2do] Z7}3}
i, GdEAe] FXHo F 5 Fedvds As TR (Perrini et al, 2004).

= WA 7171 o
o]t} (Cleland et al, 1989). 28 =& PKCx +%° 93 9 %3 GLUT4 ©

o|N

PKC &4 3+ phosphatidic acid7} £% 02 Q&) 59 < F£3

Wz o F Q3 oS sk},
AMPKE &2 oA 5-aminoimidazole-4-carboxamide-riboside(AICAR)o] 2] 3}

A st 1, AICARS dsddtes 5930w & F55 FHUAZIHMerrill et al,
1997; Hayashi et al, 1998). AMPKE &5 & 3te &< F 9 Ald BE59 =429
A GBS wEel] GLUT-4 @iz 2y #ddo] i +Ju =

S Z7FA 21 H(Wojtaszewski et al., 2003). £ %o 9a) Hx3d

AMPK Z5 Ao ABAL McArdle's A3 (g zA ZHAAEHNETA A9)S

o
4
g zda: 8e 99, McArdle’s BA50] $52 a1 B F7E Aol

532 o]l AMPK &54 % {8 acetyl-CoA carboxylase-Ser221 phosphorylation

rl

=
o

>
—

=
15

n

o
_|>i
il
o
Mo
offl
o
n
o2,
=
rlr
S

E F9oF F7}3 3 (Nielsen et al., 2002).

2 fd¥ GLUT-4 #do] AMPKS}

e #-de] dvs AS vt a2y 2E2 AdgAdTelMeE Fel s

Td & 7% 579 AMPKZE A3A4d o] =535t BHiaE%E Y th(Derave et al.,
2000; Fujii et al., 2008).

Derave 5(2000)2 A7[A o= < 5 A AMPKS & 539 #HA o]

BZ£311, McArdle’'s 32159 4= AMPK &%54 5719 25

Aol gt AFdE i Ygrl(Nielsen et al., 2002). o2 &3 ZFZA LA &

A

MPKse}e] #7l= AA7AA ofgbe] =) oA 7F EAsAw g A

O~ 2= 5
3T ¥

PATES w2 FBAS nudm Yvh 55 FAH0E 249 At cel lined
ol gats 4Ye =gel Hn At AAEL AdAA T 4+ dE 49 AR
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EEF3 ¥ 4 9t Mu 5(2001)2> F <o &4l AMPK® dominant negative form
S #Bud AZF A4S AICARe og 2232~ £Fo] aAdEnta skt o7 e
A= AICAR 98 A 85+ AMPKZF 242U T 42 34771 96
ELASA e

HFH 02 GLUT-4 Bude) Wz olfd Fa8 93 @vh

3
© AE BojFa

¥
)
i
P
(L
2
oft
Ho
of
>
¥
o
2
x
rlr
o
o,
kY
[
il
lo,
i
oft

£ 4 A (sodium-dependent
glucose transporter, SGLT-1)oll 9l 219 714A& Ea) AXHel =€t} o)g

@ B FEAE St 32 2571 A 29 BEF o] &2 A BrHHediger

A Froer BEyEE Aot (Goodyear & Kahn, 1998). SGLT-1& %z o g9
F4E w70 f8 Axwtoez o]F gt SGLT-19] +ao AHAHOR Hofdt=

[

A5 7] 93l glucose/galatose &40
o Ay AxE Bd, SGLT-10] &F5A4S dx
et al, 1996), A4 4 Fol= SGLT-19 &5l 93] GLUT-2¢9 Tdeo] F7}
St AlEH o g9 o]Fo] =R H I (Thorens et al., 1990; Cheeseman, 1993). %] wt

g Eel BT o] e Ao e GLUT-2¢ #dd Hise GLUT-4 o

o AFNM = FFo] AAMAd A GLUT-2 mRNAS @A F7HA7]=dH 579
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