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STZ- 3% AFANA 72 AH<Q Treadmill &5 0]
AT A 4 8 FFEEAd nxE 9

gaista o Foiet Y] grad

USY - Y - uae - AR - 0|4

MB

THH 52 AureS F4AE B o}
Y, F¥Ye AA 9] we, A §d % #F
AW E oWl 98 /A2 Yk (Carew 5,
1976; Castelli 5, 1986; Gordon %, 1986;
Bloemberg 5, 1991)i 4#A gt} o] Hid)
g3ta 5 FH wetk g2 2Aol7t Qe
it AU FL F4A9) vl F g 4
9] £&8% ML i A3z W%
E3 BT g I, S5 A o
& A4 we sl FolArtlE B (Zorano
%, 1986; Tan3} Bonen, 1987; Fushiki 5, 1989)7}
Jeom, ol EET NI A dF &
%29 2d&ed-FA Z&(insulin-like action)s} F<
%A (glucose transporter)2] F7}5(Rodnick 5,
1990; Ezaki g, 1992)°) 7]¢1%c}a o}

A&d AFYL Aegry #APeAM BHdFe]
Agdo] 7|HhA] oj3te) WELH whg& el
£ e = 71 EAE Jehr] A8 3EG
B2 ¥ dede] gag F$-E L3 (Kahn,
1986), ANl wal Qled &A1, FEA

2 FEAF 3y Agez QA% AYyez R
& & lth(Kahn, 1985). o] F A&d AL F
2 F8A FEdAMe ded 28-S el A
EE2 AHEER glen dad veee FEAF
HA o] Fg-o] ARZE ALEE 3 9TH(Olefsky,
1978).

Streptozotocin(STZ)2] FY ol 2|3 FxHe &
=A] 37 el AES] FF AR e 9 Ql
€W |9 zhh Mok ofel tlAbgeld] o3
B9 Rled AYY= wAYFIGn 3
U(Nishimura §, 1989; AFH &, 1991) &4
FEAAe Jded B4 i A7 #8419 4
gz o3 FFED 238 A&d FEAF
o] ZF7}slv (Nadeau 5, 1986; Garvey &, 1989),
FEAF HAe FdrEAe FABrH(Nishimura
S, 1989; Garvey &, 1989; AEd %, 19912 %t
t} o] 22EF Qded g vXe 9
2.2 = Nadeau 5(1986) % Tancrede 5(1982)0]
27179 g77] &%) BuidE AR
3t o, Cartee F(1985)> %] A& I
A3 242 FAAE /AR B STZ-
B BFNANE HAHF F(1992)0] 473t

% o] L 199404 % Jista e TN A 9@ A4
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treadmill&-go] EF2 GAHYG ded WS
SR WdEe AR REHa
B3 T

AAEL STZ-Hs @7l 242 A 43 7
FEAFI F R AAAY S BF T
A Ed = 50| ol8d vAe 9=
et et

e 3 U

A48 FEL EF57A 150gm )2l Sprague-
Dawley3 87 3 192]& A4 (0=5), D=-
HZ2F(0=7), FR-TET@=7)2E o] A§3}
Aok

Fo] FEE citrate buffer (pH 4.5)] =%
STZE 35mg/kg/d ¥ HAUZ 297 45308
Faojste] {23ttt

TEL EH=EE ol &dtd wd oA At
F 2NE o F 594 AN £%59
Azet AME AR Fe FAF 0=oA 20m/
min?| &EZ 3083 sden, THA D A
A F& 2m/ming] £E 8 2L A7td] 408%-&
st o mAe Fol ZAAF SEeA 22m/ming]
&z 1A FP3Ar).

APL AYFES AT F 4070 Fo
2t AAAZ oy oA 9A]q] AlAE e,
pentothal sodium (40mg/kg BW.)E BE7hi2 FA}L
glod Rl o B diEE FIA Adsan
AFRAART AHE Y2 4CAAN FA 94
gl 42 @ & v, Jd&Y, fd
Aat, FHAW, FEwE28E 3 HDL S¥x
B89 EAAAA -75°Coll WERHSY ).

TES 48N F 7k S(soleus)Tt F3
Z(plantarisyE A E3l} FATL FA FAE F

R TE RS L DI SR SN P

FatRor siAude dRALwAd] HAG

+ A& AgH Al 4 g FedA dUFS
A (Bzaki 5, 1992)3}53t}.

Al 43 grdA Y] FH& A5 7k
Tl 2 150mg F=E S HAHAA R 2
A AE g 10mle] 59 (0.25M sucrose,
1mM EDTA, 10mM Tris-HClL, pH 7.5)3% &7
glass teflon homogenizer= 4}3} 303] o4 3}alo
60%-7+ 175,000g2 FLAEE ST AHqL
W AAREL 45009 #F(1mM EDTA and
10mM Tris-HCI, pH 7.5)] TA3 A7l g
50ule] 0.35M(10% wtfvol) SDSE o] solubilize
ANA ERsle ALoA 1083 WRAE vhe
Eppendorf tubes)] &7 o} 10,000 2 Y4EZ
slo] AR A& FHslo] dulFEE 2Hsm ) 4
FrEAE Ao @ AL Bradford
(Bradford, 1976y 0.2 3ttt A 4 § Fe$A)
el gre] BAe AL Laemli(Laemli, 1970)
&SEH(25% SDS, 75mM DTT, 1.7M(12.5% vol/
vol) glycerol, 361mM(0.025% wifvol) BPB, 12.
5mM Tris-HCl, pH 7.0)3} 37°C oA 105-3F ¥k-g
A7) % W] 60ugHE A Bl 0.56M(4%
wifvol) stacking gel¥} 1.4M(10% wt/vol) resolving
gelollX] SDS-PAGEE Al33A}. A719dFo] &
% gel2 Coomassie blue R-2502.%2 A3} 49,
000 ¥ XELZ 293} nitrocellulose
membraned]] transferA|Zl & blocking |%(5%
non-fat in TIBS with 0.5% tween 20)2.2 30&3It
A 2o A wjoFatnct P (5% non-fat milk in
TTBS with 0.5% tween 20)°] <] anti-GLUT4
protein 500pg3} 7] 24417t HiYA|Z] F 58
o= 3087 AHT g 4#CoA “Iprotein A7}
€ @293 Al 24713 WFAFT 2e 4%
doz 3083t AAF F autoradiography S 3Lt
<75 *Coll A A sttt
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H3E glucose oxidased o] strip YFEF
7)(Glucoscot, DIC, Japan)2 ZA3 3%t} 3 3]
9] Aoz A&, AW, S, 24
2HIEE, AUZRFAAA Y] Ao e dEde
2483t 84 2A&YL insulin-specific antibody7}
F3g AP H(Coat-A Count, DPC, USA)S ©]-&
T A SH ez s B KA
WFAkE acyl-synthetase$} acyl-coA oxidaseE ©]-&
3 AR Nissuiz|AlA|e] 7| E(V-NEFA)Z 733}
At ¥4 24X WL lipoprotein lipase, glycerol
kinase, peroxidase, L-a- glyceroinoxidase& ©]-&-%t
o}akA|¢ke] F)E(Cleantech TG-S)= A F3rt
¥4 22Y2EEL cholesterol esterasedh
cholesterol oxidaseE 01%311 opitAl kel F1EGF
Z28E BAaA)E FAIAT. Y HDL-Z3
2| & olibAgke] T4 JER s

444 e HFd wFeAE YEied,
EAEHR B0 ttestE AT

4

7 AP FY LFAFA | vEld 2F 4F ¥
9] AFEmZF7te B4TY 10928 T LRHE
23}, 018 FY)el Hlsle Fir-thETE 82242
woroy Yha-$%5Te 100252 B4
92% FF 2 NAHAHE 1).

B3 I=F(mgdh)e BT 103+6.490 H)
gl P-OREe 1431318479 139%)=
=gton PFn-$EFE 115+2.9(38 47 112%)
o2 ARFEIE %o Bh-tizzRue
ge e HArh whHe 8% Aded2 AT
9] 194.99] H|3l Pty € B-+E5T B
= z}z} 84205 9+2.12 @A) Wi
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Table 1. Effect of treadmill exercise on gain of body
weight in STZ-diabetic rats
Body weight
: B EY  Gain in BW(em)
Initial ~ After 4 weeks

Normal 145+ 21 254+34 109+ 2.8
@=5)
Diabetes 149+ 1.9 231132 82 + 24*
(@=7)
Diabetes 148 £ 1.8 248+ 26 100 + 2.5
+ Exercise
(=7)

Values are mean S.E.
*p<0.05 vs normal.

Table 2. Effect of treadmill exercise on concentrations of
plasma glucose and insulin in STZ-diabetic rats

Glucose (mg/dl) Insulin (pU/ml)
Normal 103+6.4 19149
(n=5)
Diabetes 1434+3.1* 8+2.0%*
(n=7)
Diabetes 115+2.9" 9+2.1
+ Exercise
(@=7)

Values are mean S.E.
* p< 0.05, ** p< 0.01 vs normal; ™ p< 0.001 vs diabetes.

8% e AHEEg)E 3ol 469433
61T Fe-NEZTL 49116952 T #
ole gy Fu-2F TS 39819180 UL
g AFE 29 ¥F FAAES e
424419 ¥dle B-l2FE 58+£7.2(8 3T
138%)E Eem(p< 0.05) F-EB TS 47L5.
4ARTR 112%)2 B 23l dolxye
EAHQ FAAL ) 2 2ES(mg/d)2
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Table 3. Effect of treadmill exercise on concentrations of plasma lipids and HDL cholesterol in STZ-diabetic rats

Free fatty acid Triglyceride Total cholesterol HDL cholesterol

(zEq/) (mg/dl) (mg/dl) (mg/dl)
Normal 4691-33.6 43+4.1 54+39 22+038
@=5)
Diabetes 491+69.5 58+7.2* 64152 23+19
(n=7)
+Diabetes 398+91.8 47+54 43+32% 24+1.3
+Exercise
(n=7)

Values are mean S.E.
* p< 0.05 vs normal; ™ p< 0.01 vs diabetes.

48] 544399 H|dle] F-t]ZFTL 6415
208439 119%)E w2 48%E Eon Fik-
EETE 4313203479 80n)E FATH F
LY ZZRY 2gkthp< 0.01). HDL-Z3 A&
(mg/dlye: AAE, Fa-R2T L Fa-25T0|
Zyzh 22408, 23+1.9 R 2441322 ZAFE7e]
atelE PATHE 3).

Faet &5 W UL Fdrol 3.2+0.
22918 H)8le] Bhk-FFE 2510113329
BERE EgoY Fi-LF5FAA Fvke 4
(& 4).

Table 4. Effect of treadmill exercise on glycogen
concentration of plantaris in STZ-diabetic rats

Glycogen concentration
(mg/gm wet weight)
Normal 3.2+0.22
(n=5)
Diabetes 2.5+0.11*
®=7)

Diabetes 2.6+£0.12
+ Exercise
0=7)

Values are mean S.E.
* p < 0.05 vs normal,

AZd A7 7R 2] FA vl(x 104 B4
29 4580.139] ¥|3le] P ZFE 4.22-40.
13¢8749] N2%)= Bk ok(p< 0.01) F-E%
T 5.06:0.072 ZF7131tHp< 0.001) (X 5).

Table 5. Effect of treadmill exercise on SOL/BW in

STZ-diabetic rats
SOL/BW (x 10%)

Normal 4.58+0.13
(@=5)
Diabetes 4.22+0.13**
(n=7)
Diabetes 5.06+0.07"
+ Exercise
(n=7)

Values are mean S.E.
** p< 0.01 vs normal; # p< 0.001 vs diabetes.

Western bloto. 2 F-A5 FFAZ A 4 § F<¢
FAFL AT 2N STZ-FRfEd 93ld]
FaaPot EdEd 254 93] FYFE
o2 BHAHIH 1)
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Normal Diabetes Diabetes
+ Exercise

Fig. 1. Autoradiography of GLUT4 protein of soleus by
Western blot in STZ-diabetic rats.

o

TFE 22U AHE St Ahlborg
%, 1986; Mikines &, 1989)iL 3} ©]9] 7]H o
22X ded #FpAaH wex=e F7HZorano F,
1986; Tan3} Bonen, 1987; Fushiki %, 19898 &
3 v 1&d Aol YRz A )3
FE9 Q&Y FRIA ded A Y= A
Wale Aoz F2 #4845 ¥ A3 ¥}
olg] Ao HEHY. ded W=
supramaximal level®] <& Wi &340 H=
g I3y olg 7Ae 2 FEA-F FH 3
t}a Fc}(Olefsky, 1978). Vintend} Galbo(1983)&
5 gl Qed-dEd FEA ARl 37t
o} 8193, Nadeau S(1986) R Tancrede 5
(1982)& whiAel AAE, AHF 51992 &
Ao PAF7 Frteicka sl dedo] 2
AT F5Eo St viXe 9T FeeA T
vjiglgckn gch. A¥H o= 3-0-methylglucose)
7t ke EFIZAA GLUT4Y F7Pt Idct
(Tischler 5, 1990).

AQEE A5 F7t Te-d=TodN 33
o] Hsled e AL AFA F(1991)9] Hie}
AR sl Aoz ¥e tAl Folid % RAer
A5 EFo oM AFFIE 2 FF

o2 Foldl AL 59 A& AL Fee o
T G AMFEI 71AE A2 AlRET}

B Tego| Fa-dRToM YT Bt =
3 E8F dede] T € Ba-25TodN AT
9] 12 $#F02 FAE RE STZ T 93}
A7 e X sz Qg Qded By AF
Al el & Ao, L5l 2lsir o)
FABHA AT AL 5] ded AFAH B
HeEE F7AIIV] dEes  AGErhZorano
%, 1986; Tan¥} Bonen, 1987; Fushiki -, 1989).

g4 Ad 2 AAPJRAYEF AT
AT T, Fu-TFT BF AELY #9
g 2o)7t e Re Fiol o3t ¥ f{u
AHpado] AR FrtRTh ahy dajo] ol
Hlsle] 2-58] Z/}gcke Ha(Linder 5, 1976;
Dohm %, 1983; ©|A7} 5, 1986; Tischler 5,
1990))) ®]3o] Ko} A2 File] Fie] A7}
717 Anz gzt FAANL Fe-dEd
oA AATHL; #kon o= o|47 F(1992)
9] Ao} A= ot FEU2HEL
L zae] ARTRY £ AYE Hiou F
AR F98L sldoyt Fr-ETdMe B
-t 2T vEe] 343t HDL ¥ 26 E
2 Z+¢zte zole gllew o] Tan 5(1982)
o] B39} o) §%5o) Aol A = HDL-F8 2]
¢ 7M7Y 379 A4 ¥t glvke 2a
o} FARRE Aot

B4Z 34 FIH2H -zl A
Zd wsle] wgen ol FAIPELEAHE
9] 7ZHa @ FAHe Fid 78 AeZ A}
SR (Linder 5, 1976). 22} Bx-tl2F3 T
5-2BTe] F97 2ol g

&5 % FA2e RIAFE HY] 98
238 JHAR2HAF vl Fa-dzTe] 44T
B} td ¥e Agoiodt 25 sl 23
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B TR & g BYd. oA %9
oJ3te] siapu]2e] w|FE AR Algdrt

E42 Al 4 3 FE$As A2 G
frol 9l ZHadP ot L5 o] A
sEo g IEHYr). o]E exercise trainingo] 3
FEF A A 2e] MEEt 2] 4 Y FEeA
9 g FrlAZIvkn EHe Slentz $(1992), 2
Kemn 5(1992)9] Bsiele= FAREE Zolu} v
¥3}7} glthe Rodnick 5(1990)8] Huoe tha
ZRojrt.

o]4e] ddE nFo] Hol FHAQ EY=H
TEFL Tafd o3 ozt ¥ T3 &
AA, ZE¥2HEE NAAIE 4L 71X
o ¥ Tx9 M 1A FuEA %o
STZ-Fxfrzol 98 #Had 42 F54A9
*E& F7M e R Alsdr)

2 %

STZ- 3% #F M THZHQ  treadmillg-Fo]
F 2 AAUALSL FAZ A 4 Y FEgA 1)
Ae dFE AT B =89 AAE a<3d
=3 gt

THHA 5 473 £5F9) AT
7he 4T vl Badzde Fe
R2%TELR F7te FE7}t FAgtort $Fd o
3l el 2% TR JEHT.

VY T=(mg/dl) & AFT2] 103+6.40) H]
Bl Fh-tj2Te 1434312 Frhsigond &
Bl 93l 1154298 wolA )

4 A&d@EUmD)E FgTe] 1914.99) u3}
o F-fET ¥ Fe-25TdA 42t 81207
9+2.1%2 it}

3 FAGEE)S F4Te 469433

~EQ MY - e - UL o8 —

69 Hlgly -z ¥ Fe-2E5TL 44
491+69.59} 398+91.8 & z}z7ke] Rojg H}o)
7} ek 84 2AA Y mg/d)2 thxFe 42+
4.19] H)3l] PR FL 584722 Eghow
Fr-2FTL 471542 5 93lq AMEE
FE2 HAth B FEY2HEmyd)e B3
o} 544399 H|Fl FL-ZTL 641522
O ke BAAY fode ey &%
o o3l 431328 FFERTE 238 FAEH
t}. HDL-Z# 28| E(mgd)e B339 22408
o H3le Fh-jxF ¥ Fu-2FTe 47
23419 R 2441322 zlo|7} it

IAT YYmggm wet weight)e 3 oA
A4 3240460 sl FRa-WETFLE 2.6+
0393 A2l 81%), Fi-SE TS 2.4+047(H A
T 75%)2 27 @gich. AFd A sk
FA ¥ 10% F4T9 4.58+0.2590) u]dq
FrOE2TE 422403018379 92%)E @
oy PR-gEFE 5.06+0.153(84F9] 110%)
o2 FFFRIE 238 Esiv)

EAZ A 43 F5eA Gl sixu 2
Aol Hsle Gz dgey &%
o gate] FAFELRE HEHU

o]’del Azt mFo] Kol 732 EH=Y
TS Thfzd o3 43E B 2=TdH F
AW, FEH2HES NI E FE8E 71X
o Y 2= A 7o sRA 50 9
EfEd o8 Aad FF2 FrdAy & F
7H7le o2 Alggr.
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— Abstract —

Effects of Regular Treadmill Running on GLUT4 Protein of
Skeletal Muscle in STZ-diabetic Rats

Jong Yeon Kim, Hyung Il Bae, So Young Park,
"Yong Woon Kim, Suck Kang Lee

Department of Physiology
College of Medicine, Yeungnam University

Taegu, Korea

The purpose of this study was to investigate the effects of regular treadmill running on GLUT4 protein of
skeletal muscle in STZ-diabetic rats. I used 19 male Sprague-Dawley rats weighing 140 to 160 grams. Rats
were randomly assigned into normal, diabetes(DM) and DE(DE) groups. The exercise was loaded with
treadmill running for 5 days per week during 4 weeks. All experimental procedures were carried out following
overnight fasting 48 hours after last exercise.

Gain(gm) in body weight in DM rats(822.4) was lowered compared to normal rats(1092.8), and decreased
by exercise.

Plasma glucose concentration(mg/dl) in DM rats was 1433.1 which is higher than that of normal group of
1036.4. The concentration of DE group was lower than that of DM rats.

Plasma insulin concentration(pU/ml) of DM and DE rats was significantly lowerd compared to normal rats.

There was no diffecrence of plasma concentrations of FFA and HDL cholesterol among noraml, DM and
DE groups. Plasma triglyceride concentration(mg/dl) was significantly highered in DM group compared to
those of DM group, the concentration of DE group was lower.

Glycogen concentration(mg/gm wet weight) of the plantaris muscle in DM and DE groups was significantly
reduced compared to normal group. )

Glucose transporter 4(GLUT4) protein of soleus was analyzed by Western blot. In DM group, the GLUT4
protein level was markdly decreased compared to normal group, but the level was recovered to the level of
normal group by 4 weeks treadmill running.

In conclusion, the insulin resistance induced by STZ administration was partially improved by 4 weeks

physical training in rats,

Key Words: STZ-diabetic, Treadmill running, GLUT4



