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ABSTRACE

The purpose of this study was to investigate the effect of vitamin E and selenium on the an-
tioxidative defense mechanism in the liver of streptozotocin(STZ)-induced diabetic rats. Spra-
gue-Dawley male rats(120 £ 10gm) were randomly assigned to one control and five STZ-di-
abetic groups. Diabetic groups were classified to STZ-0E(vitamin E free diet), STZ-40E(40mg
vitamin E/kg of diet), STZ-400E(400mg vitamin E/kg of diet), STZ-S(0.5ppm Se/kg of diet)
and STZ-400ES(400mg vitamin E and 0.5ppm Se/kg of diet) according to the level of vitamin
E and selenium supplementation. Diabetes was experimentally induced by intravenous ad-
ministration of 55mg/kg of STZ in citrate buffer(pH 4.3) after 4-weeks feeding of six ex-
perimental diets. Animals were sacrificed at the 4th day of diabetic states. Activities of the
serum glutamic oxaloacetate transaminase(GOT) and the glutamic pyruvate transaminase(GPT)
in STZ-0E, STZ-40E and STZ-S rats were higher than those of control. Liver xanthine oxidase
activities were similar to serum GOT and GPT. Liver superoxide dismutase(SOD) activities
were higher in STZ-OE and STZ-40E groups than control. Liver glutathione peroxidase(GSH-
Px) activities were lower in the STZ-0E and STZ-40E groups by 33%, 22%, respectively than
that of control. Glutathione S-transferase(GST) activities of liver were similar to GSH-Px ac-
tivities. The contents of vitamin E in liver tissue were significaritly lower STZ-0E; STZ-40E
and STZ-S groups by 50%, 36%, 45% than that of control. Reduced glutathione(GSH) contents
of liver were lower STZ-0E, STZ-40E, STZ-400E, STZ-S and STZ-400ES groups by 57%,
51%, 19%, 18%, 12% than that of control. Lipid peroxide values(LPO) in liver were higher 5.6,
2.3 and 2.3 times in STZ-0E, STZ-40E and STZ-S groups than that of control. 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 accelerated by feeding the
low level of dietary vitamin E. In the coincident supplementation of high dietary vitamin E and
selenium antioxidative enzymes activities and physiolosical antioxidants were increased more
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than those of the separate supplementation of vitamin E or selenium. Therefore, dietary vi-
tamin E and selenium reduced peroxidative damage of tissue, promoting antioxidative defense
mechanism against lipid peroxidation by diabetes. (Korean J Nutrition 29(1) : 22~31, 1996)

KEY WORDS : diabetes mellitus - antioxidative defense system - vitamin E - selenium - perox-

idative damage.
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Table1. Classification of experimental groups

Vitamin E? Se

Groups (mg/Kg diet) (opm) STZ injection
Control 40 0 -
STZ"-0E 0 0 +
STZ-40E 40 0 +
STZ-400E 400 0 +
S1Z-S 0 0.5 +
STZ-400ES 400 0.5 +

1) Intravenous injection of streptozotocin(55mgkg BW)
in citrate buffer(pH 4.3) via tail vein

2) Vitamin E : dl-e-tocophery! acetate

3) Sodium selenite : Na, SeO,
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2. o Rg AMo|ME, MB S7iE % 4ol
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AHEES 54sl7] 4849 streptozotocin(STZ)

55mg/kg of body weightS A4 citrate buffer

pH 4.30] =olA 2] AWS F3le] FARE & 44
o] dako] 300mg/dl oAl FETF A8 Aaje] AL
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3. AlZxH%|2} blood glucose, #% insulin, €&
glutamic oxaloacetic transaminase(GOT)
3! glutamic pyruvic transaminase(GPT) &
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Table 2. Composition of basal diet

Ingredients Basal diet(g/kg diet)
Cormn starch” 668
Casein” 180
DL-Methionine” 2
Cormn oil” 50
Salt mix.” 40
Vitamin mix.” 10
Cellulose” 50
kcal/Kg 3850

1) Pung Jin Chem.Co.

2) Lactic Casein, 30 mesh, New Zealand Daily Board,
Wington, N.Z.

3) Sigma Chem.Co.

4) Dong Bang Oil Co.

5) Salt mix. : according to Haper's”
g per/100g of salt mixture ; CaCOs, 30.0g : CaHPO,,
7.5g : K;HPO,, 32.2g; KI,70mg ; CuCl,. 5H,0,

35mg : ZnCl,, 25mg ; CoCl.. 5H,O, 5mg : (NH.)sMo
/0. 4H,0, 5mg.
Vitamin E free mix.
per kg of diet ; thiamin-HCl, 20mg : riboflavin, 21mg
: pyridoxine, 20mg : nicotinic acid, 90mg : d-cal-
cium pantothenate, 60mg ; folic acid, 10mg : biotin,
1mg : menadione, 45mg : vitamin B,(0.1% triturate
in mannitol), 20mg : retinyl acetate, 2,0001U ; cho-
lecalciferol, 1,000lU ; choline, 1.5g ; inositol, 0.1g ;
vitamin C, 0.9g ; p-amino benzoic acid, 0.1g
7) Sigma Chem.Co.

CMC(Sodium carboxyl methyl cellulose, non-nutritive

fiber)
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Table 3. Body weight increase, liver weight, food intake and FER of experimental rats

Body weight increase(g/4wks) Food intake(g/4wks) FER Liver weight(g)
Before STZ injection
Control 120.0 + 10.21° 322.73 + 14.15™ 0.372 + 0.045°
STZ-OF 850+ 7.14" 369.75 + 17.25 0.230 + 0.032°
STZ-40E 115.0 = 9.52° 306.01 &+ 22.60 0.376 + 0.043°
. STZ-400E 1000+ 6.17° 330.81 + 19.35 0.302 + 0.039*
STZ-S 1050 = 6.83° 343.25 + 25.45 0.306 + 0.034®
STZ-400ES 112.0 + 10.46° 362.33 + 21.37 0.309 + 0.041
After STZ injection 4 days .
Control 200+ 1.15° 80.82 + 14.35° 0.248 £ 0.018° 11.25 + 0.94°
STZ-OF" -50.0 + —4.37° 3835 + 1.65° ~1.304 + -0.123° 541 + 0.25°
STZ-40E™ -65.0 + -524° 7146 £ 9.70° -0.910 + - 0.088° 8.57 + 0.47°
STZ-400E™ -35.0 £ —2.10° 72.30 £ 5.45° -0.484 + —0.050° 8.68 + 0.71°
STZ-8™ -50.0 + ~3.46° 63.80 + 7.63° -0.784 + —0.034° 7.98 & 0.67°
STZ-400ES™ -340 + -564° 7479 + 6.55° -0.455 + -0.072° 8.88 + 0.53°

All values are mean + SE(n=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
Experimetal and control groups were injected with or without 55mg STZ/kg B.W via tail vein.
1 STZ- OE group : STZ injection after vitamin E free diet
2 STZ- 40E group : STZ injection after vitamin E supplementation{(40mg/kg diet)
3 STZ-400E group : STZ injection after vitamin E supplementation(400mg/kg diet)
4 STZ- S group : STZ injection after Selenium supplementation(0.5ppm/kg diet)
5 STZ-400ES group : STZ injection after Vitamin E(400mg/kg diet)
+Selenium supplementation(0.5ppm/kg diet)
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Table 4. Effect of dietary vitamin E and selenium on
blood glucose evels and plasma insulin levels
in STZ-induced diabetic rats

&+

i

ZAH T US4 4 U
38 STZ-400E 7oA
T B9 XODZAo] ZaHth
FEol o

Blood glucose Insulin
Groups

(mg/dl) (pu/ml)
Control 133.91 + 4.70° 21.47 + 0.86°
STZ-OE 445.25 + 29.39° 14.90 + 0.96"
STZ-40E 443.72 + 37.60° 16.58 + 0.62°
STZ-400E 421.06 + 9.35° 14.88 + 161"
STZ-S 401.32 + 47.03° 1548 + 1.36°
STZ-400ES 407.17 + 20.73° 15.49 -+ 0.40°

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.

Xanthin Oxidase

nmol/mg protein/min

Control ~ STZ-0E  STZ-40E STZ400F  STZ-S STZ-400ES

Fig. 1. Effect of dietary vitamin E and selenium on xan-
thine oxidase activity in liver tissue of STZ-induced
diabetic rats.

Different letter on the top of the line indicates sig-
nificant difference between groups by Tukey's test
p < 0.05.

G379 BAEA | BA e G

STZ-400ESToN A dlzL % STZ-400ETH 22 7&
o|itt.

2) Superoxide dismutase(SOD), glutathione
peroxidase(GSH-Px) glutathione S-trans-
ferase(GST)
it A8 E 43 A= Table 59 2t} 1F
ZA ol A2] SODEA-L izl vl STZH40E, STZ-
OET-2 foH oz F71531 o1t STZ400E, STZ-S %
STZ-400ES w7H X}°]7} Ptk GSH-Px&A2 o
zZuol vls} STZOE, STZ-40ETIXE 33%, 21%%
ZZy SRy STZ-400ETAME 13% 71
I, STZ-S, STZ-400ES+2 T7%. 121%% QA3 %
7} =3l

g3 GST 842 GSH-Pxl 2328 9A] STZ-
O0E, STZ-40EZAe xR 23.6%. 19.9% 7
2HA Y STZ400E, STZ-S ¥ STZ-400EST-l 4]
Eols Fart Z71Edn

Vitamin E

Hg/mg protein

Control ~ STZ-OE  STZ-40E STZ400E  STZ-S STZ-400ES

Fig. 2. Effect of dietary vitamin E and selenium on vitamin
E contents in liver tissue of STZ-induced diabetic
rats.Different letter on the top of the line indicates
significant difference between groups by Tukey's
test p < 0.05.

Table 5. Superoxide dismutase, glutathione peroxidase and glutathione S- transferase activities in liver tissue of STZ-in-

duced diabetic rats

{(nmolNADPH/min/mg protein)

GSH-Px GST
(nmolDNCB/mg protein/min)

Groups 50D
(Unit/mg protein)
Control 3.40 £+ 0.09°
STZ-OF 371 + 0.08°
STZ-40E 3.79 + 0.09°
STZ-400E 3.42 + 0.09°
STZ-S 3.47 + 0.16°
STZ-400ES 3.28 + 0.16°

27461 + 9.81°
184.41 + 10.19°
217.96 + 16.53°
311.90 + 14.25°
485.70 + 27.64°
607.60 + 29.35'

501.27 + 28.66°
38296 + 245°
401.75 + 8.43°
653.57 + 33.29°
508.55 + 15.70°
670.18 + 33.56"

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.



3) ZHEAZE2| vitamin E?:fak
Azo) weld E S Fig. 29} o] gz
H]3H STZ-0E 2 STZ-40E72 247} 50%, 36%% %
A¥Ach 28y STZ-400EZLS 2 HY i w8
Ak G2 A¢l 2ol g, STZ-ST& thzxatol H]
3 45% 24 "oy STZ-400ESw 2 =27 552
2 37hsin.

4) 2k=EHF 9| glutathione &2k

HlE AR Polr|FEe] B shdl 7teAF e g
98 glutathione(GSH) 342 (Table 6) tizoll H|
8 STZ-OE, STZ-40E, STZ-400E, STZ-S % STZ-
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Table 6. Effect of dietary vitamin E and selenium on liver glutathione contents in STZ-induced diabetic rats

(nmol/g wet tissue)

Groups GSH GSSG GSH/GSSG
Control 5.42 -+ 0.33° 0.17 + 0.01° 33.69 + 3.47°
STZ-0F 2.32 + 0.29° 0.27 + 0.02° 8.97 + 0.59"
STZ-40E 2.64 +0.42° 0.25 + 0.01° 10.00 + 1.74°
STZ-400F 438 + 0.29° 0.23 + 0.01° 19.04 + 1.81°
STZ-S 445 + 0.27° 0.16 + 0.02° 28.42 + 4.03°
STZ-400ES 4.75 + 0.43° 0.18 + 0.02° 29.71 + 5.31°

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.

H GOT GPT

100

1U/mt

STZ-0E STZ-40E STZ400E  STZ-S STZ-400ES

Control

Lipid peroxide value
b

107

MDA(nmol/mg protein)

Control ~ STZ-OE  STZ-40E STZ400E  STZ-S STZ-400ES

Fig. 3. Effect of dietary vitamin E and selenium on serum
GOT and GPT in STZ-induced diabetic rats. Dif-
ferent letter on the top of the line indicates sig-
nificant difference between groups by Tukey's test
p < 0.05.

Fig. 4. Effect of dietary vitamin E and selenium on lipid
peroxide values in liver tissue of STZ-induced di-
abetic rats. Different letter on the top of the line in-
dicates significant difference between groups by
Tukey's test p < 0.05.
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