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ABSTRACT

test group IM(aquatic exercise;

The purpose of this study is to discuss and analyze the change of GLUT-4
and muscle fiber type of streptozotocin(STZ)-diabetic rats over a period of 6
weeks. We divided into four groups; test group I (aquatic exercise and feeding
of Cordyceps militaris; n=6), test group II(feeding of Cordyceps miliaris; n=6),

- 73 -

n=6), control group I[V(non-treatment;



After experimenting we measured the blood glucose, body weight, muscle

fiber type and GLUT-4 protein content.
The change of glucose levels decreased greater in group 1 than the other
group. The body weight gain was lower in the all groups. The change of
biceps femoris muscle fiber type, the size of muscle fiber Typell lessened more
than the one of Type 1 in group IV. Decrease of muscle fiber size more
diminishment in group I than the other group. GLUT-4 protein quantity
decreased in group IV compared to normal group. It was significantly increased
in group I, I compared to group IV. But there was more increase in group
I (p<.001).

These results suggest that GLUT-4 and muscle fiber type II decreased in
STZ-diabetic rats and that when we apply aquatic exercise and feeding of
Cordyceps militaris in diabetic rats over a period 6 weeks, it is increase
GLUT-4 and the increase of insulin sensitivity of peripheral tissue. So it is
considered to be helpful in improvement of glucose homeostasis and in prevent
from muscle atrophy resulted from complication.

Key words : Aquatic exercise, Cordyceps Miltaris, Muscle, GLUT-4.

.M 2 ZA73N 4G Fol 2 AFE BN
7 wol BRel o] AE Wolxg
£ 474% ¥8< ob7] A2 rH(Thomas

42 nAs AFge HolsWA 2 ¢t Tomlinson, 1992).
AA A% 2 G457 %4‘172-’?}2 7} Fugo EAod n¥IYGL TRZF3F
An QEd gxge Wge) ge 4 o) WEW AF AYHom s
Ht AN&EgQe o dsdeds dk A &} o (Nishimura 5, 1989) 243 g9l
NAEAE Ao A8 1A w9 o weg Jed FEAH, £&A 2L F
of gAY 17 FuY4 AFgze A F o= £ + e
o

o

%
(Kahn, 1985), §3] d&€d &4 %
Ago U 2TxF FFA(glucose
transporter: GLUT)®] o]de] ded

- 74 -



Ao F8% VMR FEE P
A tH(Chomezynski®t Sacchi, 1987). ©]

GLUT-4& EZ3<d A%zxd 5
€d & xHd FE FExdA
sdd w§ uAsA Agsy, de

Az ARG Az Zadi(Ziel
, 1988), TA&# &4 o9& 2 5%
of T3 GLUT-49 4 8<lo #
t}(Dombrowski %5, 1998).

oX ol i O o ofy

et B dA3E STZ-43 Sy
Mo FAZNAN GLUT-49 A F2
Wglo] vHAE FES B FFLF
I FE3x HolaWe 657 AAg
o GLUT-49 A4FH FHF2=Z <
i3 AF e vxE ZHd o

1. 495

Ao Agd FEEZE 12599
Sprague DawleyAdl A% 241+19 g ¢
FA WAE A3 Ad¥EH 2=
23t1TC, &% 55t5% & HA s
STZ-fred WA 24vt8 & 739
2 Midstd 6vtgE & 2FoE 4y
[& #5E5FH TF3x 2ol
O %38z Holag, 4
F, 2 gzt NV

o2 FRIYY. I+ IF+L TF
A3 FTFG2E BFEEZ UHEIA
150 mg/kg Bl &2 dASA Aoleol A
7betel FEEI Iodd V& 22
At 9+E ad libitume 2 373 &
AfFEA 958 AT AF-2 20029
49 229 % H 6573 AAssArh
R. Ay

) gepy

Citrate  buffer(pH 459d =<

STZ(Sigma-aldrich, S-0130, USA) 35
mg/kgs EZ Ul 13 FAstY 3d %
of ZEAEHAA HAH FHE St
g A A 200 mg/dl o] EIFFA
MAESE Feddoez F

349 REFE oo

e Z 2 ZFF7Z(Roche
Diagno-stics GmbH, Germany)& A}-&
st AEFES EW AN g F
R fEygoez ¥go WHIE A

dhon, HAHLES o&3d AT
was wF A4,

3 FELS

AYTEY FFT2EL stg £
& 29:1C= A 8t eFE
(80x50x50cm) & Alg3tdq AF7| 7t
A% AFY 5% FA ¢ ZLE o]

{3t me R FFE AFIIA
3 (Leichtweise %, 1997), Pattengale$}



Holloszy(1967)9] X +8 T2 3% Hy
S FA, Hadld FFEFS AAs4
1=

4) =3 M= Y AM
7}2Hu] Z(soleus muscle) S & &3l
GLUT-4 protein AF S ZAH3}A2,
t) § o] = Z (biceps femoris muscle) &

E FESE HEd9 2AHF9 wsEs
#HFAT. AF F 10% T4 T=2T
"R & AFstd A AHE T
A F -75TCH HFERA . 1
Ad zJEL FAY AFHFR

(Sakura, Tissue-Tek®, Japan)Z A}&
3o 2 59 92 ARHAAHS HAA3
Rom, = ) 3 v A & (Sakura,
Tissue-Tek®, Japan)& Al43t g}
A E5Y ARE A g "a
d HAEHLS A mAeA7
(Sakura 2040, Japan)E 4/mZzZ HHE&
AAth. 2R WstE B4 9
39 periodic acid schiff(PAS) 94 &
A A Aot

5 GLUT-4 protein M &

GLUT-4 protein A ZF & 437 9
 ZtAEZ 150 mg BEE SFHA
AoAA 7192 ZA A& ©F 025 M
1 mM EDTA, 10 mM¢
349 buffer(pH 7.5)9
o5E 919 v &2 EFIHH glass
homogenizer& ©o|&3te T A3 A
o ARG 4TCAA 60&3F 175,000 g

sucrose,
Tris-HCLo9]

ML

2 AN F FE uide JAE
€ F¥A%49 1 mM EDTA, 10 mM
Tris-HCLo] 3% ¥ buffer(pH 7.5) 490
MmE EFT F AHEo] ¢HdE Ho
=z g wW7tA vortex mixerZ 73HA
AT, ¥ &9 035
M(10% wt/vol) SDS 10 wE 713
T oA £t o 1083 A2 v
284 k. Microcentrifuge $Ho &30
T H&HY EFE AAFNZ A
10,000 goll A 1583 A EEd & A
Zd2 F=Aso GLUT-4 protein A %
of AM&3t¥ Y. GLUT-4 protein &3
& 98 4F4E 25% SDS, 75 mM
DTT, 1.7 M125% vol/vol) glycerol,
361 mM(0.025% wt/vol) BPB, 125
mM Tris-HCLe] &#% buffer(pH
700014 37C, 1083 @8 ¥ 056
M(4% wt/vol) stacking A3} 14
M(10% wt/vol)) resolving ZAolA
SDS-PAGEE 4AA&dAr. A F9
protein& buffertiell A poly
vinylidene difluoride sheetol] transfer
3lo], anti-GLUT4E o] &3l 4TolA
20/ A2FAN £ A I-protein
AE o]&std 24A1F wlFstH . -70
TolA 8-12413t autoradiographyE A
A% % glucose transporters A %3}
71 918 GLUT-4 proteino] &f¥ ¥
E& A2 ¥ v-counterE o] &3 =

3t AT &5 GLUT-4 protein
Aol HWF 372 cpm/pgR U g3 o
Ag 100%2 Adsq Z 1F9

trans

- 76 -



GLUT-4 protein A &g A A3}

3. Ay

SAS 81 Window Z23#& o] 43}
o @33 AF FAANE &4 T

Y € ZFAXRY xolE A&7
23t g9l B AR A (one-way
ANOVA)# AlFHAHSZ  Duncan’s

multiple range test® d AP o, Z+
7o Ao wE W3E AAs] ¢
o] NEE ZAHEH o]agl A
(repeated two-way ANOVA)S A A3t
Atk GLUT-4 protein 3F ZAX &
student-t testZ A glsto /KA A
AR ew +4 A RE FAFH
FAFFL a=0052 HAsP}

400 r
350
300
250
200
180

Glucose (mg/d

100
50

PRE 1 2

m. 2

1. 839 ¥g

A4 65 B¢ 8T Wge x4
HlE I FAME 17.19%7hA 28 %
on, OTAME 714 H& 156%
Z7ret At wde] MM E /93
A Bastd 271820 b8 10.72%
7HA ARG, Nedde A&3e
2 2616% Ztste BFE EAH
(Fig. 1).

ol Wgle e 48 AR
AME ZFAAZH we ¥Wsrt FA 3
Hoz wfg ffF Aolg YEUNL
H (p<.001), AHFEA RN NI o

ol g Ao

o 1<, O, Mol

Weeks

EIETETTT

Fig. 1. Change of glucose levels in each groups.
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I: Aquatic exercise and feeding of Cordyceps militaris

II: Feeding of Cordyceps militaris
I: Aquatic exercise

IV: Non-treatment

300
250 r
200

150

Weight (g)

100

50

PRE 1 2

Weeks

@ ® B m|

Fig. 2. Change of body weight in each groups.

I: Aquatic exercise and feeding of Cordyceps militaris

I0: Feeding of Cordyceps militaris
IMI: Aquatic exercise

IV: Non-treatment
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I: Aquatic exercise and feeding of Cordyceps militaris

[I: Feeding of Cordyceps militaris
II: Aquatic exercise
IV: Non-treatment
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Fig 4. Biceps femoris of 12-weeks rat with Fig 5. Biceps femoris of 12-weeks rat with
aquatic  exercise axd feeding of feeding of Cordyceps militaris. Noted
Cordyceps miitaris Noted increasing of increasing of type II muscle fiber diameter
type IO muscle fiber diameter compared with non-treatment group but not
compared with nortreatrent grop (PAS stain, increased corpared with Fig. 3 and 5 (PAS stain,
x100). x100).

Fig 6. Biceps femoris of 12-weeks rat with Fig 7. Biceps femoris of 12-weeks rat
aquatic exercise. Noted increasing of type I
muscle fiber  diameter compared with
non-treatment group (PAS stain, x100).

with non-treatment group.

Noted type IO muscle fiber was small
compared with type I and Fig. 3, 4, 5 (PAS
stain, x100).
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