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Bure 2A e Gt dgrin]gS
A FxHes el A, A7 2 hgriAe] o
23 YAHess oif o]FAHQ] 4E HelA
ot A =R 2~3%7F " @Al A aga o
mrjo] TEAQ] A8/t BAEAE E7H5Ee, 44
T FHAe 24E 93E AL 1Y o ey
o 28t 1 7o B AFE oY A2AE A
A7 et @Az gy AEe 2 W)
Aol whe} lgadelE&d Gude] Ate AeAFA
M o2 ook 3, olgrlulolEAe] H4E
il 8, ATEEIARAE FAH R AL
3k, olel ¥kgo| @lv 7AF AeHA &I} i
ol o #a AAlelAlE FE 2 AFAlE i 2
o] 511 91‘4. Fuate] d9g ExHow
243 A 5 g, A, A3 ¥9=A
o] kA<l ﬁ"é%‘* dbsti A, Aol Hud
FFTFE M 7] wielch whebd &) AL
53 e HAlSlel "z favt e M2
GAE sk, 2 2EVIHE dFEe el ds
isd

z.

#

A 4019943 59 94
5 #1994 59 314

#H, o|#d o9 <Uge = phosphate ana-
loguesl vanadates} QlE@l# §A1%k A4-& iz
Ut deidez 4 o2 ZEo|AHo g A7)
s Agsn ek o} AMRA oo diFt AR A
HE5Eol Fatsle] gledl ol 1 HAol B3 |7
7} 5557 wielel, Ag5EolA vanadatew
el E AEE FuslAl o, strep-
tozotocine & wieE FUE FolME v E)x
ol "Gt ESNE ule] sy,

#A7A deiA vanadateo] #-87)AL, AuAE
o4 Exriel Algle}l ZTxole] 448 WAL,
ellM zeto e e Fejade 44 9 $4¢ F
471, 3 ATAE AAstzm, olesla-dAe
AL S Ao Fedjiche dAFAAE] RaFgeH,
Il Teog-iukde] Wrd, WAql s o &
Hhofl fedE Aoz Azslm Job'® mi Yyof
AE AelMe] T4 A AGER], AlL9
z}ig}_ qic 7,] oi i_l_—é_}',_l_ %141718)

olol M} & Fiw-Fut AYFENA vanadate
2] #gdelarge] 71HE AFEr) $48le], vana-
dateFod ¥ AlZ el ZTxtel o]F ol il i
e TEg-ibdel g ZFAstn, S 22
kAo fA A= E BASe] oA R o ohE
Ztx oA vanadate®] 2H&71AE QFstaz gk
Yo2 vanadater} WxwA g9 & okAlza

ol&
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A-gE sHeAde] oz, 4AE3 Br15d A Sl
vanadate®] Z&7|A4-S dAF¥o s gudels w©
Aol o] 71d & gl 7oy Aoz Azt

et W Yy

1. JHER

Aol YaAFel & 250g HEHE
male Sprague-Dawley rat-8 Fste] AA=F,
G AE, vanadatex] 8F 5 AFog o]
AL-g-519] o,

2. §n'Hol R % Vanadate £0of

|53l

A4} WMol streptozotocin 60 mg/kgs xe] A=
off FAlEle] m¥Gg FHAE, dFUFL DAY
F AYS Agsigch melPold Helg #3sled
Fastisios d9-g St gady R
Halatdn, 4TS HuAF(6ote]) o2 3hdch
2ol 7~104e] A%H WMol vanadated F&
o] sodium metavanadate (6u}2}) 8} FAL44 8 A
2|3 pervanadate(67}2]) & A4 1mi% 0.8mgH
HelA Al gor 857} Foisle] 7trte] W 7
SEFNE ZA5g

3. ¥E dsintgAl
Aol golg A3t YRR Yyule B

2]ste] =2EH47]2 blood urea nitrogen, creatini-
ne, SGOT 9 SGPT& &4sich.

4. ZX|HA}

Vanadatex| & 853 W& 3FAA7 714, A3
o A HEsle] slebde] AANF Axldled
hematoxylin-eosind 4% Fegn|rdoz HAsly
},

5. CRAZY ExEReh #MT
1) Al2t

£ @7l 2l 4j2ke.Z bovine serum albumin
(BSA), Tween 205 =& 4]ek2 Sigma+}(St. Louis,
MO)ellq a4 Al &g on,
blottinge]l 229l ECL (Enhanced chemiluminescen-

=3 western

ce)A]ek& X5 Amersham crop. (Arlington Heigh-
ts, USA)ell 4 Falshodet. =,
sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE)s #g] A]e}2 Bio-RadA}(Richmond, CA)
ol 4] Falslgicl, Primary antibody (#1842 %
Er-EuAl GLUT4o ol =19 2-284Q] primary
antibody IF8€ Liverstock Biologicalso)4], sec-
ondary antibody (4} 2 8+#]) 21 HRP (Horse radish
peroxidase) ot  anti-mouse IgG - Sigma A}(St.
Louis, MO) el 4 793}l ch,

2) 2RI e of chiRle| #a

AYAZ 5% A4 zF(6ute]), wuwiuiyg
(6vt2]), vanadatex| &7 (2%, 77 6vle)) Al 7}
7te] F8E 4ol AA 2tz n, 2422 20mge
0.2 M sucrose, 1 mM EDTA, 10 mM Tris-HCI (pH 7.
5)8] 2hF-8ok 9mle) ol F Ao Z o} FA
HAZ F, o|RAE 175,000 xgol4 4C 6087 <44
sl HAEE Al o YHELE ImM
EDTA, 10 mM Tris-HCl (pH 7.5)8t38- 450 ul&
7hsted AAEol A =2 wa vortexamulr|of
A A 412 B, od7el 0.3 M (109% wt./vol)
sodium dodecyl sulfate 50ul% A 7}8le] vortexm
7oA A 48 F ARolA 1087 x|t o
€% 1.5ml eppendorfell £A4 10,000 xg= 10
B3 WAREEe] ¥ g AHEL AAs Gt

olFA A & afekwAle ey ks zro)
THEA (GLUTY) A kol Al&319ict,

3) P Y

A == Lowry w-g o]g3sldm, od7]4
BFA &2 bovine serum albumin (BSA)& A1-8-3)
et

4) Immunoblotting0f| 2%t XTEMRUIY GLUT4

o ¥y

A 2] abebe] A (100 ug/lane) & 2.5% sodium
dodecyl sulfate, 75 mM dithiothreitol, 1.7 M (12.5%
vol./vol.) glycerol, 361 mM 0.025% we./vol.) bromo-
phenol blue, 12.5 mM Tris-HCI (pH 7.0)4] 8.9} o)
= ¥ #Bt Bold 387 #< ohg 14 M 10%
wt./vol)e] 27 (separating gel)?} 0.56 (49% wt./
vol)8] %47 (stacking gel) 2 Laemmli}g¥o)| u}
2b Al g3sd ol

sodium dodecyl
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A7199%% A9 immunoblotting® ©&3} e
o g et &, A shdg transfer bu-
fferol} 4] nitrocellulose® (Hybond-ECL, Amersham
corp)eol =71 ¥ xlujale] B2 nitrocellulose?t2]
v|Eo|Ag-g whx|Elr] sl TBS-tween (Tris-
buffered-saline, Tween 20)o} 2% (wt./vol.) bovine
serum albumin (BSA)E =< 58 4eog |
A 7ol 7Rl olm) A tweend] FEE A
o] whe} clekslxul 0.1% (vol./vol) Tween 209]
ECL western blotting workel] 7} =Hdlsic} 2%
TBSE nitrocellulosest& 15#7) 14, 583 2 A
% AL obg A1l Teghdubdl GLUT4d o
g el Z23hA] IF8 (1/6000 dilutionyg 1417k &<t
Aol wjoFaigict, o] HAFEAQ] IF8L &
ke sl dqetdes s, GLUTY
AzAdchiAe gl C-EetisE A, ohgel
£ TBS-tweenc2 1582 1, 587 29 A=
nitrocellulose?h-% Al A3l )& HRP (Horse radish
peroxidase)”} Z&tE A 2 &4 (1/3000 84)E 14
2 Bat Agold websigich 2L v TBS
tweeno 2 1547k 14, 587 4% 7l%e] nitro-
cellulose®}t-g 4-2 r}-& ECL detection reagent A}
BE 1:12 42 & 187 gl FUch o1&
Hyperfilm ECL (autoradiography film)eol] 5~10%
Zb 2&AF F, REab (GLUTY) & 27
Al 7} densitometer scanning2 o} &%t A uFalg]
ot

6. WEDRAZY E-WRPUH SHX} =H

1) Ale

RNASE &Z3&}l+=o] 483 guanidine isothiocya-
natet BRLAle] 2FxFE& 2835191, cesium
chloridet= ICNAHICN Biomedicals, Inc.) 2] optical
grade® ARE319ch [@-32P]dCTP% nylon mem-
brane, multiprime DNA labeling system-& Amersh-
mas} AEFg o]&slgls, sephadex G-50 spun col-
umn IBIAef 4], wiAbAd I E-2 KodakAle] AF&
123199t} Probe& AAI5l7] % Algha4, Sall
2 Phamaciatl2] 7-2, Geneclean Kit+ Bio 1014}
o] AFEL A83l¢lel,  Formaladehyde, absolute

alcohol, no-butanol, chloroforme MerckAle] A&

%, formamide, phenol, MOPS+ BRLALY 4%
F& AH83tgel, 2 el northern blot#-4-8 43
shedl Bagk =& Aok 7lel 7jz2A]9kE€ BRL,
Sigma, Merck 52| 3|AlollA 2xAESEe 5FF
WA dFEE A8l

2) RNA £§

Vanadatesod 853F # 9] 3icie] 4] 2224
£ wlojle] FAE MF, phosphate-buffered saline
(PBS)ollA] A& of-2, AA #e}l homogenization
bufferel Jol FA] AMgslAY, Awhe] B 4ol
ol ARRRAR —70Ce] @Yt A oA 2%
Z7%-g guanidinium thiocyanate homogenization
buffer (4 M guanidinium thiocyanate, 0.1 M Tris
HCI (pH 7.5), 1% B-mercaptoethanol) 10 volumese]
Y& ¥ Polytronf571& A3l #digder ]
~2%7 FAZAA, FASF HFFEs) 0.5%7
E]A] 20% sodium lauryl sarcosinate® A7}sli
HEbAl A 5,000 xgoll Al 1087 WA F) 3ok
Ultracentrifuge tubeol] CsCI/EDTA (5.7 M CsCl,
0.01 M EDTA, pH 7.5)84% 20m]l 93 aig ¥
& S AA3 &% FEvl Swinging-bucket
rotor (SW 28, Beckman Instruments) & A} -8 3} o
20CollM 25,000 rpmo.2 244]7} Fob 2YAF-23)
At YR gradientr} £ 45§ 2AAHA
A4ENg Fol AAF F 75% ethanol2 AFF
CsClE Aol RNA pelletd Aol 2gich
RNA pellet-g 0.1% SDS7} 2% TE buffer (pH
7.6) A3k ke g %9ch, o] RNA £4& 1.5m]
microfuge tubeoll £zl ¥ <of7]o] %3ke]l phenol/
chloroform& A7}8tn & 41 YAFAF F 48
obZal FZ&8}m, %%9 chloroform3} n-butanol
(@:D2 g Wz 43 o F&3%ch AAY
RNA &0 1/10 volume2] 3 M sodium acetate
(pH 5.2)2} 2W=] 2,59} volumes?] ice-cold ethanol
& A2 AT F 2 Hold —20CelA 3030]4
X giel, oeja, 4CelAM 1087F 12,000 xg2 U4
#2jsted RNAE AAA7] ob4] 75% ethanolZ
ARl 94 ¥ ¥ AHY RNAS 37] Fol
#glct, RNAF oh4] 489 DEPC A5 FF/4o
=2l ¥ ¥5% &48l3 FulE northern transfer
AAISHAY, AR 7EA] 3v volume®] ethanolg A
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7bsted —70Col A watgich, RNA®] H X+ spectro-
photometer2 FAg o] 260 nmol4 OD.7} 1)
40ug/ml2 AlArsteict,

3) Northern Transfer

3ol agarose: %o 60C74z A8l ¥ 5x
formaldehyde gel-running buffer (0.1 M MOPS, pH
7.0, 40 mM sodium acetate, 5 mM EDTA, pH 8.0)&
1Me] A, formaldehyde§ 2.2Msi#| z2h 37}
3 HolF F, gel§ 31 Holx 3047 4L
ol A Wk ek 30ug o]4te] RNA 4.5 ul, 5X formal-
dehyde gel-running buffer 2.0 ul, formaldehyde 3.5
ul, formamide 10.0 ul¥ 4{o] sample® =FE9ch
°] sampleg 65Col4 1587 #A3le) RNAE
denaturationA]7] ¥, ] A& Lolld AFPc
Sample$- loading3}7] Ae) gelg 5V/cmZ prerun
sla, DEPC A2j3 ¥ =#% formaldehyde gel-
loading buffer (50% glycerol, 1 mM EDTA, pH 8.0,
0.2% bromophenol blue, 0.25% xylene cyanol FF)&
sampleo| 2ul 7}4F ¥, sample-$ gelo) loading3l
t}, Gelgd 1xformaldehyde gel-running bufferei 4]
3-4V/em= At o 247 Ax A7) 58
bromophenol bluez} ¢f 8cm A E. o] WL u A7
%4ES ¥, DEPCHEY FFH4o] @7} formal
dehydes geloil*] 2] ¥ marker lanen}t =ehy)
o] ethidium bromide® <431 photographgic},
x| geld Whatman 3 MM paper® 93 %elz)
el &2 FEch o) a, o] fajal ol 20xSSC
£ ¢ AAE ¥32 3 MM paper} 2§ 4 Q&
papers] %F¥-& bufferdol} 714 &k  Nitrocel-
lulose filter®& A }3t z7]2 =g} deionized water
of 243 HA F 20XSSColl Aol 537 s} &
et 9 geld 3 MM paperslof 7|27} A71#] ¢
=5 F3 gel FHE parafilmg Egch 2 fo =
AA nitrocellulose paperg 7| %7} Al7]A] 95 &
¥3 2%xSSCZ HAl 3 MM paper 24 9k o
Hell FolelY g Het 5~8cm ¥ol2 43 FEAL
HE ¥ 500g Jeo A2 g Fod s Re
Foleld-g ZHolFala 6~16417 A5 blottingslel
& filter& 6XSSCell 54 Ax ©3icdsl Aol
3MM Fo] flof ¥ 30% A= w8 Fch o
filter 3 MM paper Ale]oll 7% 80°CollA] 3030l 4]

2417} A E bakingd}od blotting® RNAE filtero]
cross-linkingA] #] ¢},

4) Probe Preparation

PGEM4Z o] Sal 1siteo] clonings o] 9l &
GLUT49| cDNAE Ecoliojd o} ZZs1d
plasmid& HA% %, Sal 122 whgAlA s A
gl %, agarose gelo|4] #¢]slx chloroformeo &
48 AAgrch, o]ZAE c}A preparated gelol
loadingslei As|A17) ¥ GLUT4 ¢cDNA banduh$&-
Zehl 3 elutiondled HAE AL g, HFAo)
F25% 43E HAAA 73, DEPCHER QAF=%
Fol %ol $EE 238 F ABsch

5) Prehybridization & Hybridization

RNA>} transfer¥)l membrane& prehybridization
(50% formamide, 5XSSC, 5xDenhardt’s Solution,
50 mM sodium phosphate, pH 6.8, 0.1% SDS, 100 ug/
ml denatured salmon sperm DNA) solutionol] 4
42°C, 2417bol 4 whgAl7leh, AAE GLUT4 cDNA
probe® random hexamer®-& o]-8-3}ed radiolabel-
ingAlzlck, % hybridizationih-g&-d ol 5ng/ml A=
& oF¢| probef denaturedl7|n [o-32P]dCTPZ
37°Cell41 3~44]7} radiolabledt ¥, sephadex G-50
spun columng %34]# radiolabel=lx] 9%& [¢-32
PJdCTP& A A%}, Hybridization& o (50%
formamide, 5x SSC, 1 X denhardt’s soulution, 20 mM
sodium phosphate, pH 6.8, 100 ug/m! denatured
salmon sperm DNA, 0.1 g/ml dextran sulfate)ol] o]
radiolabel® probeE #7lsled 427Col4, 16~244]
734 £ hybridizationA] 7] c},

6) Washing & Autoradiography

A|2o) 1(2xSSC, 0.1% SDS) 2 Ar-&oll4] 20871
EEo] Fo AAst:, MM 2(2xSSC, 0.1%
SDS) & 55C, 20%7} 33 AlA3ch Membraned
2XSSC &dell 4t# rinsedt F7)FeolA A=AIZ)
F X-ray filmoll x&A17ch —70ColA 24~484)7F
&<l autoradiographydt ¥ film& #HAgch o
autoradiogram-$- densitometer (Hoefer instrument-
s}E o|&3le] scanning densitometrysjo] Alujuke
2433,
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Table 1. Changes of Body Weight in Three Groups of Rats

Tx. Groups
STZ-DM Metavanadate Pervanadate
(n=6) (n=6) (n=6}
(®) () (g)
Before STZ 23710 238+15 234+13
Before Tx. 210+ 14 219+15 218+19
Week 1 198+ 17 200+20 200+6
Week 2 189+19 193+27 200+18
Week 3 182417 209+34 215+ 14*
Week 4 179+16 222+31°* 219+12*
Week 6 175+13 229+31° 236+30*
Week 8 172+6 236+30° 244+11"
Values are mane+Sh.
STZ: Streptozotocin. Tx.: treatment.
STZ-DM: streptozotocin induced diabetic control group.
*p<0.05 compared with STZ-DM.
Weight (g)
850
a m [*"‘oomvol —4= —¥- por d. :I
1. VanadateSol# HZE W fus ooy
«pC0.08
Vanadate?ol & Al#s F 25F7x= § Au¢ 2801
o oGl BEAM AFR4LE Bglon),
200}
vanadate7o] 2, 3FALE AT EFM AFF
% wol7l AFse] 4FuolE HrdEol vl | ST
ool9lA AFe] FrFENH(p<0.05, Table 1, Fig.
1). 100 v T v T T r g T !
Betors BTZ Bators ™x 1 2 8 4

il 2] F3} metavanadatex} 8+ % pervana-
datex| 7ol A8 ¥ge 77 445mg/dl, 417
mg/dl, 418mg/dlo|g i, A& 23 Folx zt7} 453
mg/dl, 159mg/dl, 109 mg/dl2 =& Fol Hrlo)
o) yA 7sh=l e (p<0.05, Table 2, Fig. 2),

2. Vanadate £0{ & FX{H8|

Vanadate®o] 85 st wWAFal A BFelA
74, AR 9 A3E FEEieez #ARe o,
b o Al 2o E Foldt £7¢ AT £
glglont Aatel £xd%s shxiso] gigirH(Fig. 3
~5).

N

(o]

8
Dura!!on(wegc)

Fig. 1. Changes of body weight in three groups.

e _—
0 Blood glucose {mg/at) - s 0.08
600 l 1
400
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100 ¥ ¥
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botors T 1 2 8 4 8 Durationiwaens)

Fig. 2. Changes of fed-state blood glucose in three
groups.
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Table 2. Changes of Fed-state Blood Glucose in Three Groups of Rats

Tx. Groups
STZ-DM Metavanadate Pervanadate
(n=6) (n=86) (n=6)

(mg/dl) (mg/dl) (mg/dl)
Before Tx. 445150 417165 418+ 75
Week 1 - 2451106 110+20*
Week 2 453+53 159+:55* 109+20*
Week 3 - 225+73 118+19*
Week 4 502162 205+52* 105+18**
Week 6 511+49 211 +41* 104-+12**
Week 8 511+42 217+ 44" 105-+13**
Values are mean+SD. Tx.. Treatment.
STZ-DM: streptozotocin induced diabetic control group.
*p<0.05 compared with STZ-DM. *p<0.05 compared with metavanadate treated group.

Fig. 3. Light microscopic morphology of rat liver. The Fig. 5. Light microscopic morphology of rat pancreas.
hepatocytes were normal in configuration. The pancreatic islets were normal in configu-
ration.

3. Vanadate®0o{ % B8

A" 7heal g At AlsiRlE gste
o] A3t A3t @3 BUN 9l creatininex|
+ WxuwaFo] vwid vanadateFo] T & }ols}
iz HA SGOT % SGPT3E vanadatex]| 5.7-of]
Al efzk Abg3lsicH Table 3),

4. BHaHMAM A VanadatePo{HE I TE
U2 WM

Fig. 4. Light microscopic morphology of rat kidney. i .
The glomeruli and tubules were normal in Feld gAhAE 45kD Tk wE

configuration. BAs v (Fig. 6~8) Adohzgol vls) wag
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Table 3. Serum Biochemical Tests after 8 Weeks in Three Groups of Rats

STZ-DM Metavanadate Pervanadate
(n=6) (n=86) (n=6)
BUN (mg/d}) 18+0.3 24+8.3 29+5.3
Creatinine (mg/d}) 0.6+0.1 0.5+0.1 0.5+0.1
SGOT (Iu/L) 117+9 113+31 148+68
SGPT (IU/L) 54+22 17+8 80+25
Values are mane+SD.
BUN: blood urea nitrogen.
SGOT: serum glutamic oxaloacetic transaminase.
SGPT: serum glutamic pyruvic transaminase.
STZ-DM: streptozotocin induced diabetic control group.
C v D ci1 Cz2 C3 vt V2 v3 D1 D2

A5K-

Fig. 6. Quantitation of glucose transporter (GLUT4)
protein in rat skeletal muscle from control,
diabetic, and vanadate-treated rat using anti-
bodies specific for the GLUT4 glucose trans-
porters. Representative western blot of muscle
of control (C), diabetic (D), and vanadate-
treated rat (V). For rat skeletal muscle, 100 ug
protein was applied to each lane.

Aol ZEGFibe A EE 50~55%2 BA 3
ZA3tg ey, vanadateFolF TE-EubAle] A
BE 0~75%% o7t 318=E A% 29 (Fig
9, 10),

5. Vanadate£o{f X SERuid mRNAYQ
s}

% RNA¥E CsCl density gradient® o] &3l &
3}gich(Table 4), Fig. 1104 B wliel 3lo] 2858}
18S2] band2# mRNA7} sijg)=x] ¢tz & wEsH
ol gle A¢ WY & el HaxIHzAo=H
B #2383 # RNAL nothern blot-g Ag3ldw, o

«GLUT4

Fig. 7. Immunoblot showing relative abundance of
GLUT4 protein in rat skeletal muscle of con-
trol (C), diabetic (D), and vanadate-treated rats
(V). Muscle membrane preparation, gel elec-
trophoresis, immunoblotting (ECL) and
densitometric scanning were performed as
described in materials and methods. Equal
amounts of membrane protein (100 ug) were
resolved by SDS-PAGE, transfered to nitrocel-
lulose, and reacted with antibodies specific for
the COOH-terminal portion of the GLUT4 glu-
cose transporter.

wj A48 A 224+ Chicagothshe] Bellw4-z4-
Bl 71Z0ke 2 E -3k (GLUT4) cDNAE <83
ot} BAE GLUT4 mRNAe] B2 zslE o 3.2
kb #Axo|v, streptozotocin® g gt wdirsdufA
FollA Zxhgural mRNA7 HAzFol u)s)4
o} 50% AER ¥A 3| 7145l g, vanadateF
o] £ o 0% Ax2 sAs+ F%E ¥ioH(Fig
12, 14),
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Fig. 8. Immunological identification of GLUT4 glu-
cose transporter in rat skeletal muscles. The
total membrane fractions were prepared by
ultracentrifugation and indicated quantities of
membrane protein were subjected to western
blot analysis as described for materials and
methods.

0.64

o
&

o
N

GLUT4(relative units/mg membrane prot.)

Control STZ-OM  Vanadate-trated

Fig. 9. Effects of diabetic rats and vanadate-treated
rats on GLLUT4 content in rat skeletal muscles.
Total membrane fractions were prepared from
rat skeletal muscle and subjected to immuno-
blot analysis with GLUT4-specific antibodies
as described for materials and methods. rela-
tive numbers of GLUT4 transporters per
miligram membrane protein were quantitated
on ECL by scanning densitometry, and
expressed in each individual as a fraction of
the mean value in control subjects. Datas are
mean-+SD in each subgroups.

il ot

Streptozotocin® 2 F L5l thu el o4 thyy

300
(]
*
5 250f
5
&
g > .
jog—4
05
27 150l
82
=R
=«
U)—d 100+
-
-~ [
5 i
GRS *
] L 1 ]
0 100 200 300

membrane protein (ug)

Fig. 10. Quantitation of GLUT4 protein in skeletal
muscle of rats. Crude total membranes were
prepared from total skeletal muscle of three
different rats. Open circle: control (C); closed
circle: vanadate-treated rat (V); triangle: dia-
betic rat (D).

CDhyv

4 28S TrRNA

<« 18S TIRNA

Fig. 11. Total RNA isolation from rat skeletal muscle
using the guandinium thiocyanate/CsCl density
gradient ultracentrifugation. Equal amount of
total RNA preparation from each subgroup
was subjected to 19 formaldehyde gel
electrophoresis.

o] frtslof #Fol ztAsct vanadateFol E Wt}
Adell 71gA "ol wa} A Fo) Fotslr] Aztsigde
dl o]& Madson 59 w19} A8 ANE ng
o}, Vanadate%o] 85% AJg3l AAskald 7 Alol| A
Ag715e 4 #Ekrl 919l o) pervanadatex| 870l
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Table 4. Relative RNA Content of Skeletal Muscle from Control, STZ-DM, and Vanadate-treated Rats

Control STZ-DM vanadate-treated
(n=6) (n=6) (n=12)
Total RNA/g tissue 1.00+0.32 0.35+0.05 0.67+0.05
(U/g)
GLUT4 mRNA/total RNA 1.00+0.03 0.56+0.05 0.84+0.06
(U/100 ug)
Overall GLUT mRNA 1.00+0.01 0.2140.002 0.56+0.003

expression (U/g tissue)

Values are means+ SE.

Muscle tissue was weighed, homogenized, and subjected to CsCl density gradient ultracentrifugation to obtain a
total RNA fraction. Total tissue content of RNA was measured by spectrophotometry. The value in each group
was expressed as a fraction of the mean value for that RNA in control.

Fig. 12. A. Effects of vanadate of GLUT4 mRNA level of skeletal muscle in
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STZ-induced diobetic rats. Diabetic rats were induced and then treated
with vanadate as described in methods. Northern blot analysis of
skeletal muscle total RNA (100 ug/lane) from individual rats was
performed as under methods. jotal RNA, size-frationated (100 ug/lane)
on 1% formaldehyde gels was transfered to nylon membranes, and
hybridized under high-stringency conditions with %P.labeled cDNAs
encoding GLUT4, The arrow indicated GLUT4 mRNA species. B.
Northern blot of total RNA from STZ-induced diabetic rat skeletal
muscle actin probe. Total RNA was prepared as described above. The
blot was hybridized to a chicken B-actin ¢cDNA probe, which had
been *P-labeled by megaprime DNA labeling. The blot was quantified
by scanning densitometry.
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Fig. 13. Determination of molecular size of GLUT4
mRNA detected in the autoradiograms.
GLUT4 cDNA hybridized with a single 3.24 kb
mRNA species in each subgroups. Standard
RNA marker bands (BRL) are 9.5 kb, 7.5 kb,

4.4 kb, 2.4 kb, and 1.4 kb.
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GLUTA Glucose Transporter mRNA Contents

o

Control STZ.DM Vanadate-reated

. Comparison of the relative content of glucose
transporter mRNA in skeletal muscle from
control, STZ-induced DM, vanadate-treated
DM rats. Relative amounts of the GLUTY4
mRNA wer quantitated by subjecting total
RNA fractions to northern blot analysis fol-
lowed by scanning densitometry of autoradio-
grams. The values in each subgroups were
expressed as a fraction of the mean value for
the mRNA in control subjects. Values are
mean+SE of relative units per 100 ug total
mRNA in each subgroups.
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The Change of Blood Glucose and
the Activity and Gene Regulation of
Glucose Transporters in the Peripheral
Muscle on Vanadate Treatment
in Diabetic Rats
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Objectives: Vanadate is known to mimic several
effect of insulin including the stimulation of glucose
uptake and oxidation, glycogen synthesis as well as the
anti-lipolytic effect. But mechanisms for these effects of
vanadate are still not completely understood. The aim
of this study was to elucidate the effects of vanadate on
intrinsic activity of the glucose transporter and the
regulation of the glucose transporter mRNA.

Methods: Using age and weight-matched male
Sprague-Dawley rats (average weight 250 g), the exper-
imental groups were divided into nondiabetic rats (n=
6), streptozotocin (8TZ)-induced diabetic rats (n=6),
metavanadate and pervanadate treated diabetic rats (n
=12). We measured weight, blood glucose, glucose
transporter activity, and glucose transporter 4 (GLUT4)
mRNA change.

Results:

1) STZ-induced diabetic rats became catabolic and
they lost their weight, but after 3 to 4 weeks of
treatment with metavanadate or pervanadate, body
levels in

weights were increased. Blood glucose

metavanadate or pervanadate treated rats were signifi-
cantly lower than STZ-induced diabetic rats after 1
week treatment.

2) There was no significant toxicity in vanadates
treated rats, compared with STZ-induced diabetic rats
and there was no abnormal change in kidney and liver
of rats under light microscope 8 weeks after vanadates
treatment.

3) The glucose transporter activity of diabetic rats
was significantly decreased, compared with that of
normal control rats, and increased after vanadates
treatment.

4) The glucose transporter mRNA of diabetic rats
was markedly decreased, compared with that of normal
control rats, and increased after vanadates treatment.

Conclusion: In STZ-induced diabetic rats, vanadates
treatment may improve insulin sensitivity through in-
creased expression of GLUT4 gene.

Key Words: Streptozotocin-induced Diabetic Rat,
Vanadate, GLUT4
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