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Abstract

The purpose of this study was to investigate the effect of vitamin E on the synthesis of the metallothionein in
the liver of streptozotocin (STZ)-induced diabetic rats. Sprague-Dawley male rats 220+ 10mg) were randomly
assigned to one control and three STZ-diabetic groups. Diabetic groups were classified to STZ-0E (vitamin E
free diet), STZ-40E (40mg vitamin E/ kg of diet) and STZ-400E (400mg vitamin E/kg of diet) according to the
level of vitamin E supplementation. Blood glucose levels of STZ-diabetic rats were three times higher than that
of control. The contents of vitamin E in liver were lower significantly STZ-0E, STZ-40E groups by 50%, 36%
compared with that of control. Lipid peroxide values (LPO) in liver were higer 5.6 and 2.5 times in STZ-0F and
$TZ-40E groups than that of control. Plasma cortisol levels were higher STZ-0% and STZ-40E groups compared
with those of control, but cortisol levels were lower significantly in $TZ-400E group compared with those of
the STZ-0F and the STZ-40E groups. The plasma insulin levels were lower in all three STZ-diabetic group com-
pared with that of control, but were not affected by the level of dietary vitamin E. The metatlothionein (MT)
contents in liver, kidney and small intestine were five times higher in STZ-0E, STZ-40F and STZ-400E compared
with that of control, but STZ-400E group was lower in the MT contents in tissues compared with that of STZ-
40E group. Zn-MT peak in STZ-diabetic rats fiver increased than that of control by Sephadex G-75, and Zn-MT
peak divided into MT1 and MT1t peaks by DEAE Sephadex A-25 column chromatography. The present results
indicate that STZ-induced diabetic rats are more sensitive to oxidative stress, leading to the acceleration of
lipid peroxidation process, which can be more promoted low level of dietary vitamin E. And the result may
that increase synthesis of MT induced in the liver of diabetic rats increased so it can be sure that the diabetes is
one of the MT induce factor by free radical generation. And high vitamin E supplementation reduced total MT
contents of liver, kidney and small intestine and the peak of purified Zn-MT. Through the results of these
experiments, we can cenclude that MT might be the free radical scavenger.
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Tabie 1. Classification of experimental groups
Yitamin E
Group R EeE— STZ injection
(mg/kg dien

Control 40

STZ*-GE 0 +
STZ*-40E 40 +
$TZ*-400E 400 +

*Intravenous injection of streptozotocin (55mg/kg BW) in cit-
rate buffer (pH 4.3) via tail vein
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Table 2. Composition of basal diet

Ingredients Basal diet{g/kg diet)
Corn starch” 668
Casein® 180
DL-Methionine” 2
Corn oil* 50
Salt mix.* 40
Vitamin mix.* 10
Cellulose™ 50
keal /kg 3850

"Pung fin Chem. Co,

?Lactic casein, 30 mesh, New Zealand Daily Board, Wington,
N.Z.

"Sigma chem. Co.

“Daong Bang il Co,

#Salt mix. : according to Haper's™
g per/100g of sait mixture ; CaCCs, 30.0g ; CaHPO4, 7.5g §
KzHPOa, 32.2g 5 NaCl, 16.7g ; MgSQu - 7H20, 10.2g ; ferric
citrate, 2.75g 3 MnSQa, 0.51g ; KI, 70mg ; CuClz - 5H2O, 35
mg : ZnCle, 25mg ; CoClz - 5H20, 5mg ;5 (NHasleMorOzs « 4
H20, 5mg

“Vitamin E free mix, :
per kg of diet ; thiamin-HCIl, 20mg ; riboflavin, 21mg ; pyrid-
oxine, 20mg ; nicotinic acid, 90mg ; d-calcium pantothenate,
60mg ; folic acid, 10mg ; biotin, 1mg ; menadione, 45mg ;
vitamin Bi2{0.1% triturate in mannitol), 20mg ; retinyl acetate,
2,0001U ; cholecalcifero!, 1,0001U ; choline, 1.5g ; inositol,
€.1g ; vitamin C, 0.9g ; p-amino benzoic acid, 0.1g

*Sigma Chem.Co.
CMC (Sodium carboxyl methyl cellulose, non-nutritive fiber)
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Kayden 5} ¥l of] e} hexane 2 2 &3l 30°C
oA AartaZ AzAZ F o] s ABE Fo fer-
ric-chloride dipyridyl®j®'e]] @14 S sisict. LPOA B
£ thiobarbituric acid (TBA)S} u}-8-8Fe] B Al =3 malo-
ndialdehyded &4 3 Satoh ¥ & o3t ct. &
W2 Biuret®] W3 Lowry® & o] 88} A kel gt

7HE, AIE 8 2&xEH2| totaf metallothionein

Bt &3

7, Al B szl L] ol ekg 35l Polter-
Elvejhem homogenizerg ARE-8led 10mM tris/HCl (pH
8.2), 0.25M sucrose, 2mM 2-mercaptoethanol, 10mmM
sodium azide, 0.1mM phenylmethyl sulfonyl flucride
(PMSF)2] 50%8-<8 0 23 o}fs]led 105,000g°ﬁxﬁ 60
22F QAR st -2 cytosolelA] Hidalgo 52¢]
ur ol 2] 8led total MTE 23] 8¢},

MTS} 2

AME FEE|

A=kl s S 3 3led 20 9k} 10mM tris/ ace-
tate buffer{pH 7.4)8 A}4£-3}e] Potter-Elvejhem homo-
genizerZ whallgE Th& 100,000g4) 604 F-4F 2443
o] 3-8 cytosolE 100°CoY 287 712 & w8 oA mi-
crofuges]] 1087F Q4] Fe]sted o2 AF2d)-2 gel filt-
rationgd & AR R AREEl .

Sephadex G-75 gel fiitra_tionzs’

Sephadex G-75 columng] 33 2= 10mM tris/acet-
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Table 3. Body weight increase, liver weight, food intake and feed efficiency rate (FER) of experimental rats

Body weight increase _Food intake FER Liver weight
{g/ dwks) {g/ 4wks. (gl
Before STZ injection
Contro! 120.0x10.21 3227311405 0.372£0.045
STZ-OE 85.0+ 7.4 309.75+17.25 0.230+0.032°
STZ-4CE 115.0x 9.52° 306.07+22.60 0.376+0.043
STZ-400% 100.0+ 6.17° 330.81+19.35 0.302+0.039"
After STZ injection
Control 20,0 1.5 80.82£14.35 0.248+ 0.01g 11.25+£0.94°
STZ-0E - 5004+ - 437" 38.35+ 1.65° ~1.304+ - 0.123" 5.41+0.25
STZ-40E -65.0+ - 5.24 71.46+ 9.70 -.910% ~(.088° 8.57+0.47"
STZ-400E =350 - 210 72,30+ 5.45 -0.484% - 0.05¢ 8.68x0.71*

All values are meanzSEin=10)

Values within a column with different superscript letters are significantly different each other groups at p<0.05 by Tukey's test

NS : Not significant

Experimental and control groups were injected with or without 55mg STZ/kg B.W via tail vein

STZ-0E group : STZ injection after vitamin E free diet

STZ-40E group : STZ injection after vitamin E supplementation (40mg/ kg diet)
STZ-400E group : STZ injection after vitamin £ supplementation (400mg/kg diet)
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Fig. 1. Changes of body weight in rats during 4 weeks of
experimental diet.

Table 4. Effect of dietary vitamin E on blood glucose levels
in STZ-induced diabetic rats

Blood glucose
Groups ——————
(mg/dl)
Control 133.91+ 4700
STZ-0F 445.25+29.39°
STZ-40F 443.721£37.60°
STZ-400E 4271.06% 9.35

All values are mean £5E (n=8)
Values within a column with different superscripts are signifi-
canttly different at p< 0.05 by Tukey’s test
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Table 5. Effect of vitamin E on liver lipid peroxide value in
5TZ-induced diabetic rats

LPO Vitamin £
Groups
{MDA nmol/mg protein}  {ug/mg protein)
Contrel 1.49£0.8 5.641£0.42°
STZ-QE 8.37+1.68° 2.81£0.23°
STZ-40E 3.35x0.48 3.62x0.18°
STZ-400E 1.80+0.15° 4.89+0,28

All values are mean£SE (n=8)
Values within a column with different superscripts are signifi-
cantly different at p</0.05 by Tukey's test



188 HEgA - oleA

Alo] Z ulwbyl £ FFFE vl el oA ghastad
2} wlee] BE B ot TS HEF LR F
= ¢iv}. Behrense} Madere™7} STZ 2. 2§03 G
W o) A ufelyl e85} C8) Fo] Zhaslein
HEhwl £ CE T E0E2R 23 F §9e] St
BHoicka B udt Ao} dAstdcth ol G u
% free radicale] 2718 3 o) & Q& zx) 2] 3}AbElA]
EAlke] 2y Heof uhe} 24 &4 EAn 9l v
T Erh A2 olle shars e el Aol 3
AH A2 AL8EH] g Aol FAFC

HE insulin®t cortisol &

A insuling} cortisol §aFg 248 Ao} Table 6
= ek EA insulind gt i Sy T
B 31,23, 31%4 2zt 2k astg o, g fuy
Alol )iz $-2] & ql 2lolrt glglvh

Y2k contisol EF o} vl#l STZ-0F, STZ-40EF-2
oF 50%, STZ-400EF-& 17% A& =rlslad ond, STZ-
400EF-E STZ-0F, STZ-40EF o ®]a] ¢F 22% A= 7F
Ale 2P FF ] gich

FuAAAE AFass] plre 4oz U
insuling] #wl7} 7}A 3} adrenal =B Fu]Abe]r}
a] A Abo] Pkt Faillagh Kiser®e] Rxre} o) =] shed s,
w33 o A= adrenal hyperirophyell 9l&] "3 cortico-
sterone levele] S71¥elE Nicola 548 B w2l% o
= Bhedc),

ZEE AE B AXE 2| metallothionein BHet

STZE F =8 2wsd slolA 73, A4 2ela
Az A A 8] metallothionein 1%k W8 =2 4
= Table 79 2ok,

ZhA o A1 8] metallothionein k-2 dl 3524 ©] 4
STZ-0F, STZ-40E, STZ-400F%-2 22} 5.6, 5.3, 3.3u}
# 2 Ee k. Fa it APETL] Ao ni

Table 6. Effect of dietary vitamin E on plasma cortisol and
insulin jevels in $TZ-induced diabetic rats

Groups insulbin Cortisol
(U / mb) (ug/ 100mb
Cantrol 21.47 +0.86" 1.02+0.14"
STZ-0E 14.90+0.96" 1.53£0.08"
STZ-40E 16.5820.620 1.57 =011
STZ-400E 14.88£1.61" 1.19+0.23

All values are mean - SE {(n=8)
Values within 2 column with different superscripts are signifi-
cantly different at p<<0.05 by Tukey’s test
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XODe] Fe(l)e] Zgtsle redox cydlingd wha] ez
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Tabie 7. Effect of dietary vitamin £ on liver, kidney and smatl
intestine metailothionein levels in $TZ-induced dia-

betic rais
{ug MT /g of wet tissue)
Liver Kidney Small intestine
Control 71520400 8.76+0.55¢ 167037
STZ-0E 40.00£6.45" 25.5411.52 28.34+2.28°
5TZ~40E 38.09+6.12° 24231+1.63* 26068+1.73°
STZ-400E  23.86x2.47: 19.32+0.54°

18.09+1.73

All values are mean +SE (n=8)
Values within a column with different superscripts are signifi-
cantly different at p<<0.05 by Tukey’s test
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o A5t 24} Aojat & 4= sirh

STZ % s o] Alah, Az A 8] MT §haF Wl
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aHE ozl AYTAA 249 MT ko] 2713
718 zinc®) FUF4rt ~E#H A2 glucocorticoide]
old g8 W= Bonewitz 52} B 3ol AE
oA} 324 7S T endotoxemias $Zng] Fpl F7)a)
Z1thE Starcher -8 BRIV W) 2e] STZ2.2 Q1% ¢
¥ HAA zincFrh SrhE 238 MTEA] o)
74 Zlolet 4y 4 gt

Cd-MT ge! filtration % Cd-MT DEAE Sephadex
A-25 column chromatography

E2MTE ¥7] 9ste faelA Cdl2.5mg/kg of
body wt.r& B2 28] FApste] 244]3F el A&
HAXAA tmA) g F&ehe] L Cd-MTE Sepha-
dex G-75 gel filtrationgt 2 b= Fig. 2 (A)2} zhel 38
35~458 B4 Cd-MT7} &-&F gl o] 283
BE 2ot o714 & H3 S DEAE Sephadex A-25
cotumnel} F2] EALA] 7] 32 tris/ acetate buffers] F= 9
pH finear gradient® chromatographydt 2t 28 25~
34Wa B8 71~808 el Cd-mT1 I} Cd-MTIR A
2 € 5704 peakzh 455 st (Fig. 2 (B).

HETE MT gel filtration & AEFL MT DE-
AE Sephadex A-25 column chromatography

2T ¥ ZAEFY a6 28 coytosol
gel filrration¥t A3 Fig. 35 75 pattern 2.2 Zn-MT,
Cu-MT E1} 279 8 22 835 9lch Z2efuf 25~39
u YL B A uEA | Z MTE AFREE
40~49W B8-& wgit)

7|4 & F8-& ZHzF DEAE Sephadex A-25
columnel] &#] F2 A1 713 tris/ acetate buffers] Fx 9
pH linear gradient= chromatography®t 2 3 Zn-MTIa}
Zn-MTIZ A 2tE = B 8e] L4257 Cu-MT= A4
&R @gheFig. 4.
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Fig, 2. A) Gel filtration chromatography of Cd-MT in liver
cytosol on Sephadex G-75 after single dose of Cd (2.5
my/ kg B.W.) via intraperitoneal injection into rat.
Column size, 2.5 X&0cm ; fraction vol., 5mi/tube ;
flow rate, 17ml/hr. ; elution buffer, 10mM tris/ace-
tate (pH 7.4
B} Elution pattern of Cd-mTi and Cd-MTIl on DEAE
Sephadex A-25 column chromatography from Cd-MT.
Column size, 1.5 % 30cm ; fraction vol., 5ml/tube ;
flow rate, 30ml/hr. Linear gradient elution :

Fraction No. 15~55, 10mM tris/Ac. pH 7.4-100mM
tris/Ac. pH 8.6 5

Fraction No. 56~953, 100mM tris/ Ac. pi 8.6-200mM
tris/ Ac. pH 8.6 '
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BIIGE 2% Zn-MT}, Zn-MTI12| el 9] EAE ok3l pel filtration®} anion exchange colu-

shefia] 33k @) AAAA L AH Zn-MTI, Zn- mn chromatographyZ 3 A Gxd & F7}st
MTIE $29 ¢ DA 7195 gag An MG SREES F2 cnc AYR Zn-Miclsl,
= Fig. 55 2tk 2 BT sandard 24 BAD zoommy, AT WH Fig apdwel sleid @AstA Zn-
Zn-MTiS] whelwl e el wlms) Boke  control e A MT7} 2718 A8 23T + 9 EH), Zn-MT2) e
o] WpelulR] eFgba STZ-OF, STZ-40EFoll 4 EaI7) <) A 7152 v 5 A g A ofA = A7k zing AAfed
Aol e HAE & itk 2 Ay ROV dnct &FEE Ras 2 elgARTe 24

5
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Fig. 3. Gel filtration chromatography of Zn-MT and Cu-MT in rat liver cytosol on Sephadex G-75.
Control group 3 without STZ injection after vitamin E 40mg/kg diet. $TZ-OE group 3 $TZ injection after vitamin E free diet.
STZ-40F group ; STZ injection after vitamin E 40mg/kg diet. STZ-400E group ; STZ injection after vitamin E 400mg /kg diet,
Symbols : Zn-MT ; @—e Cu-MT ; OO
Other experimental conditions were same as Fig. 2.
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Fig. 4. Elution pattern of Zn/Cu-MTI and Zn / Cu-MTIt on DEAE Sephadex A-25 column chromatography.

Symbols @ Zn-MT ; &—e Cu-MT ; OO
Other experimental conditions were same as Fig. 2, 3.
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Fig. 5. ldentification of MT-1 and MT-1l by SDS polyacryl-
amide Electrophoresis,

5 ; Standard (Zn-MT), C ; Control group without STZ
injection after vitamin £ 40mg/kg diet ; STZ-0F, STZ
injection after vitamin E free diet ; STZ-40E, 5TZ inje-
ction after vitamin E 40mg/kg diet. 15% SDS polyacry-
larnide gel ; Traking dye, bromophenol blue (BPB) ;
Staining soln., coomassie brilliant blue R-250 ; Desta-
ining soln., 10% acetic acid-7% methanol.
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