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Effects of Different Exercise Intensities on GRP-78 and GLUTH4 Expression in Soleus Muscle of
Streptozotocin-Induced Diabetic Rats. Yang—Hee Kim' and Jin-Hwan Yoon*. Department of Sports
Science, Hannam University, Daejon 133, Korea, 'Department of Physical Education, Korea University, Seoul
136-701, Korea - This study investigated the response of GLUT-4 and GRP-78 expression in soleus
muscle of streptozotocin-induced diabetic rats by imposing different exercise intensities. F344 rats
were randomly divided into 4 groups (n=15 in each group): Control (Control), diabetes-operation (DO),
diabetes with low intensity exercise (DLE) and diabetes with high intensity exercise (DHE). The rats
in DLE and DHE groups were exercised for 8 weeks by treadmill running. Blood glucose levels in
DO were significantly higher compared to that in NORMAL whereas DLE showed the most lowest
level in blood glucose among diabetic groups. Diabetic groups exhibited significantly lower level in
insulin change and DLE showed significantly higher insulin level among diabetic groups. GRP-78 in
DO was significantly (167.05%) higher than that in Control. GRP-78 in DLE was 139.41% which is
significantly higher compared to Control but when compared to DO and DHE, it was significant low.
GRP-78 in DHE was 194.64% which doubled the protein level in Control and showed the most highest
level in all groups. GLUT-4 in DO was significantly (33.58%) higher compared to Control. GLUT-4
in DLE showed 124.58% which was significant high compared to Control, DO and DHE. GLUT-4 in DHE
showed 26.91% compared to Control and was the most lowest level among all groups. It seems clear
that chiefly low intensity exercise benefits diabetic patients in controlling blood glucose. It was
concluded that low intensity exercise induces translocation of GLUT-4 which results in increased
blood inflow, thus GRP-78 expression is decreased.

Key words — glucose, insulin, GLUT-4, GRP-78,

Ao g BN Est o F49 Frletn 3ol 7 #o] obese Zucker rate] ¥ AFYE NdAIEH &
=W A#E Tl T A2 AR dFH 9 F7b v & 5 3ok
O +5% B B8 ArdA ARF[1e 1HAH FEe A5 #Yde A F99 9 FE Y,
TEol A Wt @7 diAbel FHEHA L FoEHN BT Holay, &F 5ol e, 4AHd 3= Asdys &
T Y ed adoztn Wit 38 F2L &% B del sEH A7 $5E BHYstd 242U
of B Edl HA AF FAZFAA Y BARZY 53 2RIL AHE Adske Bgol wEAd Aoz IR
9 2 HEe FHE ALFDL ST £F, 717 2 Atk &% Type I 3ol vxe S a3 A+
TEe g UAAE FMIA ded AREE AUA € X4 Eisenbarth[10]& Type I 3= &9 SlojX &
7l A7t due Ao| Atz R dolgon o T 5 92 gojMe Wt QAT 22 Asd 25
oA T A7l st FFH we} spAe] AL S0 e, Lernmark F[16]& Type 1 %
B FAH29 GLUT4 @l de 7487 433 2 viud =9 82 127 5/ 23 3 dokaze Aota
ol wla) 7 24 E8E Ao vehd sl 24 BHFE
T 2RI HHTEHY ded NHEE PIAA 8 F7FtAA T 324, Hemoglobin Al (HbgAl) s =, <1
FFR2L JEed FE G2 P GLUT4 o] 2 28 =9 oM e AdEA gttt Buddch £,
S /MR Aog Busty Yo 242 FeiE GLUT- THAL 2E2 T2EHY ERFS S7MAA 28F A
493 2de Frhe £502 2 42 dsd HAEY ded UBEE TIANA FUHoE HE ¥
Aol g FEI 4HTHY FE Aristd 255 Jedozk AYAESY 2527 W GLUTA #4319 3
A ZFAL 0] EES ¥ SFIL FES 2EG F »l‘"

*Corresponding author - _
Tel : +82-42-629-7990, Fax : +82-42-629-8402 shube] &
E-mail : yoonjh@hannam.ac.kr 93 P



88 BBUARIX] 2005, Vol. 15. No. 1

2

GLUT-4 7} GRP-789) #d® = %1419401]*1 %h, vl gk,
B2 BES Eok FollA et o] FRA 1z Qo) AT
oA e GLUT-4 ¢} GRP-78 H8& B $5FES
Hest 835 A AL 4G dAo|r

getM B dfoAE Streptozotocm— i 2 HAE O
o2 F B fE ¥3, 44, GLUT4 9 GRP-78
uhgokel WislE BAste] HE U8 &F 459 Bort 3
5 Ade njXe 4TS Fristed 1 £3o] o

i
w

kY
=2
=
R
=~
ox
ot
~J
N
S RSOy o do ae e R

o 1R >
@ 4y g B

L, ol

s
o
o
offt
i

lo

>
Qs

offt
e r
>

mtn?‘;m—UE
>
nimdrﬂ,‘
o AN
oX M o
>
oo
o
e

bs)
2 »
eowa i o

A 4
gy dAFEE g o,
50+10%7F FrAEEE &3, 2P AHEEY

1B 3o} YRR (1247 F/oh7t 288e 4
AM AASSHES g 438 El
29 BRFE) o3
Z(157He), FafE AZE LE2(157E), Bufd
AE LT RS9 ) Zog 7t 15t A BFe 3
olejE ARgstR -

>
o
N
N
N,
o

‘QL
0 &
ol =4
B &
2
o &
& oy 2 gy o M

1128
M o ox M1 Mo a9t N

gt

B Az
T

2
oX
ox
£
W o
d
=
1
k)
&
of
Jo o2

o

o

T

Fe A¥FES 4417 4 A 7] & Streptozotocin

C C 0.1 M sodium citrate solution (pH

§do &A1z F 50 mg/kg ¥ SHEF A FAlsle] 7

S AT B 3 Qe Streptozotocin Z

BN F FRAY)N DY PRORPE ABse]

R5E0l 300 mg/dl ol W Bl f2d Ao 3
o

Bedford{7]9] 413}

e T

i e

e g

BE HFEH £F £9L A
o

|
M%}&‘lt}. @%%‘—3} —%%#iﬁh AT +F AL <Fig
>3 2ol EHEDY AAE 0 %ol A A|&ete] 27] 5871
5

2 m/min® £EZ &% sttt 58
m/min, 10858 308 7}2] 20
2 338 F0h 12E &

= 0% A AlFste £7] 5
8} sty SEEE 108
208742 24 m/minE o}
F91Th A £ §Y
o|

—|—’_‘
_‘

—{m

E
£ AAdeA &F FF8d

A 10 £74A= 5
8 m/minZ F+FIT
<Fig. 2>¢} o] A}
6 m/ming] £ 3 ¥
min, 105-8 308274

18] % 3087 $ES 352 &
Egc=d
dedd FHE7EE BEY

7 E%"ﬂ ol&d o
A A7 RRH oz
&27} BAHER

-{5}
=8 Ed=ddN &
23

A 308 & 837

B A U By w
e 3
43RS 8N AAE 8309 254AL BY H A
AZE S AL 1047 013 35S RAT RN B9
ARtk 1 AL ¥4 34402 5§7) oA s
o

3 Chloroform®. 8 3E7]% E3l n}

HE N F AES

SH4) e Aol A AYAES B AAZ TN A U
%10 ml (21 gage) FA712 A%e] 2440l HAh ohof o

5ml o ds) Hol g 32 shd ol83islc e e &

Al 83 FE 9o 3000 rpmoil A 3%
e st T00)5el M ¥FE £

g2 24

4 4

24 Bl @
zd 77 BReAT

AEL BE FAA 438 A&7 a4 233 & H73

—
[ 2 m/min (0%) 5 m/min (0%)

8 mimin (0%}

5 min = 5 min

Fig. 1. Low intensity exercise protocol
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Fig. 2. High intensity exercise protocol
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Table 1. The change of blood glucose in each group post 8

weeks (mg/dl)
Groups N blood glucose
Control 15 86.33 + 5.08
DO 15 549,84 + 14.69°
DLE 15 47786 + 14.27°"
DHE 15 54390 + 7.44

All values are means + standard deviations. ab,cd : Different
superscripts in the same column indicate significant difference by
the Duncan’s post hoc(p<.05), O : diabetes-operation, DLE : dia-
betes+low-intensity exercise, DHE : diabetes+high-intensity
exercise

*Compared to Control
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Table 2. The change of insulin in each group post 8 weeks

(uU/ml)
Groups N serum insulin
Control 15 375 + 0.03%
DO 15 256 + 0.01°
DLE 15 353 + 0.02°
DHE 15 277 + 0184

All values are means + standard deviations. ab,c,d : Different
superscripts in the same column indicate significant difference by
the Duncan’s post hoc(p<.05), DO : diabetes-operation, DLE :
diabetes+low-intensityexercise, DHE : diabetes+high-intensity
exercise

*compared to Control
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Fig. 3. GRP-78 expression in soleus muscle of rats.
DO : diabetes-operation, DLE : diabetes+low-intensity
exercise, DHE : diabetes+high-intensity exercise

Table 3. GRP-78 expression in soleus muscle of rats
(unit : optical density)

Groups N GRP-78 protein(%)
Control 15 741333 + 557.76* (100%)
DO 15 1238493 + 528.68°" (167.05%)
DLE 15 10359.67 + 380.06°" (139.41%)
DHE 15 1442920 + 37015 (194.64%)

All values are means * standard deviations. a,b,c,d : Differ-
ent superscripts in the same column indicate significant differ-
ence by the Duncan’sposthoc (p<<.05), DO : diabetes-operation,
DLE : diabetes+low-intensityexercise, DHE : diabetes+high-in-
tensity exercise

*Compared to Control
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ACTIN

Fig. 4. GLUT-4 expression in soleus muscle of rats.
DO : diabetes-operation, DLE : diabetes+ low-intensity
exercise, DHE : diabetes+high-intensity exercise

Table 4. GLUT4 expression in soleus muscle of rats
(unit - optical density)

Groups N GLUT-4 protein(%)
Control 15 847893 + 398.19° (100%)
DO 15 2847.66 £ 85727 (33.58%)
DLE 15 10562.93 £ 462.04°" (124.58%)
DHE 15 228226 + 193.40°° (26.91%)

All values are means ¥ standard deviations. ab,c,d : Different
superscripts in the same column indicate significant difference by
the Duncan’sposthoc(p<.05), DO : diabetes-operation, DLE : dia-
betes+low-intensityexercise, DHE : diabetes+high-intensity
exercise

*Compared to Control
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