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Abstract

The present study was carried out to investigate the effects of zinc and vitamin E on the antioxida—
tive defense mechanism in the liver of streptozotocin(STZ)-induced diabetic rats. Levels of blood
glucose of STZ-diabetic rats were higher than that of control, but ZDM(ZnSQ4 10mg/kg injection +
STZ) group was lower than those of DM(STZ injection) and EDM(vitamin E 400mg/kg diet+STZ)
group. Levels of plasma insulin were lower in all three STZ—-diabetic groups than those of control. Thiobar-
bituric acid reactive substances(TBARS) peroxide values(LPO) in liver were increased 2.3-fold in DM
group compared with those of control, while LPO in ZDM group was lower than that of DM group,
and EDM group had similar tendency compared with that of control. Reduced glutathione(GSH) contents
of liver were decreased in DM group compared with those of control, but increased 2.3, 1.7-fold in
ZDM and EDM groups, respectively, compared with those of DM group. Oxidized glutathione(GSSG)
was increased in DM group compared with control and GSSG in ZDM and EDM group were lower
than that of DM group. GSH/GSSG ratio had similar tendency compared with results of GSH. The activities
of free radical scavenging enzymes such as superoxide dismutase, glutathione peroxidase and glutathione
S-—transferase were significantly decreased in DM group compared to those of control, but higher
in ZDM and EDM groups than those of DM group. The metallothionein contents in liver and kidney
were increased in DM and EDM groups were remarkably increased 20, 5.3—fold in ZDM group, compared
with those of control.
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Table 1. Classification of experimental groups

Gron Vitamin E ZnS0s~ sTZY

Toups (mg/kg diet) (mg/kg B.W) injection

Control 40 -

DM 40 +

ZDM 40 10 +

EDM 400 +

7 Intravenous injection of streptozotocin(55mg/kg BW) in
_citrate buffer(pH 4.3) via tail vein
Intraperitonial injection of ZnSQy in a single dose

Table 2. Composition of basal diet

Ingredients Basal diet(g/kg diet)
Corn starch” 668
Casein® 180
DL -Methionine” 2
Corn oit” 50
Salt mix.” 40
Vitamin mix.? 10
Cellulose” 50
kcal/kg 3850

YPung Jin Chem. Co.

P actic Casein, 30 mesh, New Zealand Daily Board,
Wington, N. Z.

¥Sigma Chem. Co.

“Dong Bang Oil Co.

¥Salt mix.: according to Haper’s(16)

g per/100g of salt mixture; CaCOs, 30.0g; CaHPOq, 7.5g;
KsHPO,, 32.2g; NaCl, 16.7g; MgS0s - THx0, 10.2g; ferric
citrate, 2,75g; MnSQ,, 0.51g; KI, 70mg; CuClz + 5H0,
35mg; ZnCly, 25mg; CoCl; + 5H20, 5mg; (NHys - MorOx
- 4H20, 5mg

S¥itamin E free mix.:

per kg of diet; thiamin-HCI, 20mg; riboflavin, 21mg;
pyridoxine, 20mg; nicotinic acid, 90mg; d-calcium pan-
tothenate, 60mg; folic acid, 10mg; biotin, 1mg; mena-
dione, 45mg; vitamin Bi2(0.1% triturate in mannitol),
20mg; retinyl acetate, 2,000IU; cholecalciferol, 1,000IU;
choline, 1.5g; inositol, 0.1g; vitamin C, 0.9¢; p~amino
benzoic acid, 0.1g

"Sigma Chem. Co.

CMC(Sodium carboxyl methyl cellulose, non—nutritive
fiber)

T332 2 ZnS04(10mg/kg)E Foi% ¥+
(ZDM), ¥leiv]l EE ©heF F9% T(400mg/kg diet)
2og FEDMYS 7 10024 4722 o] 45
7t AbS-st e, 718 A 2ol 24 L Table 29 2t}

SRy

AYEEE 3 A387] 493 ol streptozotocin(STZ,
55mg/kg B.W.)& 21413 citrate buffer(pH 4.3)o) &
A w2 HWg F3le FARE F 184)7ke] A
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Table 3. Effect of zinc pretreatment on blood glucose
levels and plasma insulin levels in STZ-
induced diabetic rats

Blood glucose Insulin
Groups
(mg/dl) (uU/ml)
Control 13391 4.70° 23.73£1.02°
DM 443.72+3760° 16.58+0.62°
ZDM 336.15138.99° 1856+097°
EDM 421.06+ 9.35° 17.88+1.61°

All values are mean=® SE(n=8)
‘Values within a column with different superscripts are
significantly different at p<0.05 by Tukey's test
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Table 4. Effect of zinc pretreatment on liver lipid
peroxide value in STZ-induced diabetic rats

TBARS
Groups ]
MDA (nmol/mg protein)
Control 346+0.31%
DM 8554093
ZDM 5.300.41°
EDM 252+0.19*

All values are mean+SE(n=8)
Values within a column with different superscripts are
significantly different at p<0.05 by Tukey's test

Table 5. Effect of zinc pretreatment on liver gluta-
thione contents in STZ-induced diabetic

rats (umol/g wet tissue)
Groups GSH GSSG GSH/GSSG
Control ~ 542%+033% 017%001° 3432+3.25°
DM 2644042 0321003° 9.95+1.95°
7ZDM 613+021° 022+002° 31.01+352°

EDM 438+029° 022+001° 1993+064°

All values are mean+ SE(n=8)
Values within a column with different superscripts are
significantly different at p<0.05 by Tukey's test

2t==AZ9| glutathione &2

u| &4 wel 7] 5 = o sl k22 F
2913 glutathione(GSH) ¥#-2(Table 5) W&l
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o) 46.9% Z7}, DMT-oll vl3 ZDMT 3 EDMT
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4| B8] DM, ZDM ¥ EDM7e| 47 71%, 9.7%, 41.
9964 7+ 2Flg)ch STZ R o4 GSH ¥3ke] 34
3] o AL A AR 7 AR AlEs
ol STZ Rk oliA =A 9 FasiddlE R2d
Thompson 5(28)¢] A7}2} 4284, v]etdl E Fof
B} 238)2] zinc Fo] 2 Q8 GSH Fao] 715t AL
zinc7b 748 g Fasd e /g @ 5 o

Superoxide dismutase(SOD), glutathione per-
oxidase(GSH-Px) and glutathione S-transfer-
ase(GST)

A A 2844 54T 2 Table
63} 2tk SODEA L P =74l vlsl DMT 2 #2143
o2 7t 9l 2} ZDM, EDMT 2 DMl 1] 3 o
27 $F02 27159k GSH-PxZA L 2T
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Table 6. Superoxide dismutase, glutathione peroxidase and glutathione S-transferase activities in liver tissue

of STZ-induced diabetic rats

Groups SOD GSH-Px GST
(Unit/mg protein) (nmol NADPH/min/mg protein) (nmol DNCB/mg protein/min)
Control 3.56%0.05° 27461+ 9.81° 501.27+28.66°
DM 3.20+0.06" 188.03%+15.61° 40175+ 843°
ZDM 352+0.10° 264.18£20.52* 561.82+1598°
EDM 3.48+0.09° 311.90+14.25° 653.57+£33.29°

All values are mean*SE(n=8)

Values within a column with different superscripts are significantly different at p<0.05 by Tukey's test

v)E DMT2 31.5% 4.2 ZDM, EDMT&
DMl vl 8] 7t 405%, 65.9%% 27893 GST
AL GSH-Px9| 254 % DMES & Fe vl
19.9% 4= %2 ZDM, EDMTS DMZ<) H] 3l
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%29t} cytoplasmic SODE Zns} Cu 2] &40 o] )&
#o]BE STZF Aol 93 SODE FA s Znvt &
Z3A] Hl B2 2 Ao 2T AL ArEe, o]
9 & Ade o8 476,7,28)004 Zold 4 gl
w2l Znrt SOD2] Mz =M A43tng 7n &
o7} SODEA & F71A ZHhx £} 22 2 hydrogen
peroxideo] th3] SolH o= wigsl: A} ELQ
GSH-Px¢} HelA B4, EXHEA 59 tAM4tE 2
A2 WA FAE oA 1A B4 Tl #4939
glutathione$ £33l glutathione thioester(R-S-G)
£ Y435k & S8l GSTYA STZE %k
§ FisEEA Aol o e, ol A
FxAd o e BEIHX A ko] H-& Ao
st 229 26 dis) gigteld A A Basr) 99
olZ Qd] A28 YRF A TR ES A
314 &4e] FM&3H gy E2A40) MY AL
2 Br}(26,29). o] A2 copperE APA1%! STZ F x5
2] GSTEA S 23§ McDermott S(30)2 7o} o1 x]
sl9l o zincE BuF A AT Edsigd e o FAl
3548 o] Z713) Faure $(6)2 39} g5k

ZHE T AMIEFE S| metallothionein &2

STZZ #=d Fxudd SleiA 18, g 24
A1 9] metallothionein ¥k B3t 2A A= Table 7
9} #r},

714 o) 412 metallothionein ¥3F-& 2 Fl v]3j
DM, EDM-& 717} 354, 3.3 713t gz, ZDMT

L 2000 2 A 3] Zr)std ok AR MT a2
234 ¥]& DM, ZDM, EDMT 2.08], 5.34], 2.2
w4 Z71= i) G arke] 735 metallothionein 3
2k-2- 1] 2319 -& 9 DMT o ¥ 3] EDMT-< 8 3le) &
Rolx] sk o) ZDMF AT A3 Fri=lgich
STZ 379 7t3t A4 Zn-MT o]
Z710chE T 29 XI1EGLRE K] MT
o] AAAtsle}l #Ho] glekm B 4 9l F,
F A e o A & cytosolic Zn-MT $Eo] 571 =4
(7810,12) oA BFxafiz YA FHUMLES
AAste Fis9g=A JH5AE AAsA R 34
3 71AL ot w ¥ u HoiQlr(7). A4S mi-
tochondria®] A EA 9} #9E NADP oxidase?]
uk-g-o )3 AR 2eht 9456 9% 23
o) &AL dols) F& AR WelAst ded 7
7t Bol A o2 243k kst v) sl F, supero-
xide¥ SOD, hydrogen peroxide+ catalase$} GSH-
Px Seolch 29x% AL EFANA A&
7}A o ¥ o] & hydroxyl radicalsell =& HeolA al
o A= 9 eH(7). Thornally 5-(14)0] A A18}7] & xan-
thine~xanthine oxidase ¥+2-¢) 2} 3} A4 5 hydroxy!
radical® superoxide radical€ MT7} scavenge’tc}
2 8}l 31, =]} superoxide radical Y.t} hydroxyl ra~
dicalel] =H-4-3 MTo] €4 o] Yoz e o
Table 7. Effect of dietary vitamin E on liver and ki-
dney metallothionein levels in STZ-induced

diabetic rats
(ug MT/g of wet tissue)
Liver Kidney
Control 7.15+0.40° 876+0.55°
DM 25.32+2.23° 17.70+1.05°
ZDM 14270+ 5.66° 4595+599°
EDM 2386247 19.32+254°

All values are mean* SE(n=8)
Values within a column with different superscripts are
significantly different at p<0.05 by Tukey’s test
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FHFL vlzFo vl DME-S 239 ¥t ZDM
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SOD, GSH-Px, GST#4-& 25 dl2Fo] u]4 DM
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i, ZDMT-&- 200, 530 2 A48 Frlstgc.
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