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Effects of Vitamin E Supplementation on Antioxidative
Enzyme Activities in Liver KK Mice

Hyun-Sook Ahn, So-Young Seo and Harriet Kim'

Dept. of Food and Nutrition, Seoul National University, Seoul 151-742, Korea

Abstract

The purpose of this study was to investigate the effects of vitamin E supplementation on the activities
of antioxidative enzymes in liver of KK mice of various ages and various duration of diabetes. Diabetes
was induced by feeding high fat diet containing 20% corn oil{wt/wt). Weaned KK mice were fed
high fat diet containing 51 IU or 2080 IU vitamin E per kg diet. Animals were sacrificed at 4, 6, and
9 months of age. In nondiabetic group, we found the decrease of antioxidative enzyme activities with
aging. In diabetic group, antioxidative enzyme activities were decreased, and the change of hepatic
vitamin E was related to glutathione peroxidase activity (r=0.71, p<0.001). Treatment with vitamin
E did not modify the level of fasting blood glucose. However, it was observered that glutathione reductase
and glutathione peroxidase activities as well as hepatic glutathione levels were increased by vitamin
E supplementation, whereas catalase activity did not changed. The present result suggests that high
vitamin E supplementation protects against lipid peroxidative damage in diabetic KK mice.
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el Al =2 Azbe] w i) gHarslA) o o &) A x| E 1A
BE AT IR B et AExae] ¢
z2} 715E 2% 244 5 gl7) die)th(1,2).
frelett] o] At 2 RE AN E HEs T8 Ak
3}A) ol = superoxide dismutase(SOD), catalase(CAT)
9 glutathione peroxidase(GPX), glutathione reductase
(GR)®%F #&-& 49 vl E, C % ¥el 712" 22
wlebul glutathione, selenium S-o] $JthH34).
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thione tjAte} wlelsl E =52 3}, XAl 24t g9
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S5 4] HAE 9 0w Y FollA vleby] E oo
AArel e} v MDA, lipofuscin &8e] & Ao
2 veldeh9). &, 3k 20579 FHellx A9 vleul
EE 49z, 2] vley Ex ZFAaFAvs 2
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< ol A4 Jept o, catalase 3412 v]etel E A
TollA f-2A4Ql babst ok shsid

2GR F FEA 4 At A=W
3= 3 24 ¢ w2} chekt A5E vehde] RaH
N, £& Fh 7] 70l i Wl g dF
2 FET AA ot weka] B AT Gt oA
o AstA 24 FAHSE elsla vElRl E X
A o]z} ol ol vl X = <3 3-& w3 WAt AP ot

ol A A 28 B FE 2d) KK "2 E
A&t wl, KK sh9-2e dBda4 S Ads
Japanese KK v}-$-29} o] & C57BL/6%F3 2§A12)
Toronto-KK(T-KK) A& »h-$-2~ o)ele] & 7}x] &
2 2 vprofalnh T-KK oh9-29] 3% A% Z717h 4
ehiriA a8 de] vhebur}, Japanese KK mh$-49)
745 BuH S #AA )] st e agze o]
9] Foi7} 25t KK vh9-22] ¥ A4 & 1t
2 AR = doH, AF oF YA 1 Alo]o)
e o2 BaEe] Qlrk(12).

2 AYL KK vhf-zo] mx Aol & AHAA &
2E U, Gl F 0714, 2709, 57 Ll 2
o] AMHA E 49 A Y glutathione?] W3S 3
A3ta, G el 3k Wy} vlelwl E9] £ 2 o)
se2 $stazt stk
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Aol ¥ g RE

AFE 474 KK vH-25 Aedidts 4y 55
AbS-A o g RE Fgulel 11Y7 Quk 1AL (4
SFANE Holw A ALg-slelr}. o1 F mAuk, A w)e}ul
EAo](o] 31 mA A o] F)u} A4}, 328 ebn] EA]
o] T (013} muletgl EA o] F) 22 o] 837k A%
32 s 245l e FrFos Yy
AL ARSstEA 470, 6704, 9Nd o 3 QA 31ch

A ¥ A] o] (fat 20 weight % , 39 cal %)2] 24L&
Table 13} zt}. o] 3R|H}Alol ] ulg}el E 252 51
IU/kg dieto]t}. o] &= S-44 7] 8ol £ 9+ a-toco-
pheryl acetate }2 238 7]1% Zolu, ulelul E
S E§3HA] o= vlekl EFE-2 ICNUCN Bioche-
micals, USA).2. 2 %] 795} A}-g3gd). = 3n]
e}ql EA]o}ell= dl-a-tocopheryl acetate(Sigma Chem
ical, USA)E #7}ste] »]eidl E9] 452 2,080 IU/kg
diet®. 3tsict. AYP77F B AMS #4 L& £ 20~
BCE fAY o $EE60%2, F4F7)= 124
2 A2 {Aslgr).

Table 1. Composition of experimental diet

Ingredient (g/kg diet)
Corn starch 544
Casein 150
Corn oil 200
a-Cellulose 50
Mineral mixture' 40
Vitamin mixture? 10
pL-Methionine 5
Choline chloride 1

YComposition of mineral mixture(/kg mixture)

CaHPO4 500g, NaCl 74g, K2SO4 52g, potassium citrate
monohydrate 220g, manganous carbonate 3.5g, ferric
citrate 6.0g, zinc carbonate 1.6g, cupric carbonate 0.3g,
KIO; 0.01g, KCr(SOs)2 - 2Hz0 0.55g, Na:SeOs - 5H20 0.01
g, sucrose, finely powdered 1189g
Vitamin E free mixture, ICN Biochemicals(Cleveland,
Ohio)(/kg mixture)
Vitamin A acetate(500,000 IU/g) 1.8 g, vitamin D»(850,000
IU/g) 0.125g, ascorbic acid 45g, inositol 5g, choline chloride
75g, menadione 2.25g, p-aminobenzoic acid 5.00g, niacin
4.25g, riboflavine 1.00g, pyridoxine hydrochloride 1.0g,
thiamine 1.00g, calcium pantothenate 3.00g, biotin 0.02g,
folic acid 0.09g, vitamin B2 0.00135g, sucrose, finely pow-
dered to lkg

S 2y

A A o]l 2 AMSREA] 1Y F4E s 24
317} AlAbstedch A 23] o)A 9:00~10: 00 Abe)ol &
2] Aol A FFg A 31e] 200mg/dl o14ded

2.2 A sl ti(13). ¥ g 241 7](Blood glu-
cose sensor, Medisense, Inc., Waltham, MA, U.S.A.)
2 s e, Yol v ad g dur o2 e
o)A Ztz} 97 A 7hA) AFS-st o) 47 D el = A Aol 9l
AT 5% Guo EAAE AL %‘h:vLﬂlH
AN AL, 4Nl s} %AEH Kl s _°.i
PS5 F Al o] g3y o 46711«;4 %“
A F N, Fed IRYS ‘%A—L ubA) £ 57 Y o] Ht

24 Alge| Wzl

AFFTELS YA 7)7] A 18417 5 FAE A
o APFES AF 404, 6704, 970 Y <l decapita-
tion W 2.2 Aol n YA 7]7] A 3} A%
= S48 7 22& HE3o] Arhe AefAd
ol AHF F, FFA2 €718 AAst JAAx2

SYFAR F BF LA 246 g3k

Glutathione peroxidase(GPX), glutathione re-
ductase(GR), catalase(CAT)2| &4 53

7+& A ©}21 & homogenizing media(154mM KCl,
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50mM Tris-HCl, 1mM EDTA buffer, pH 7.4)5 2
4°CoHAl A TR 3 L, 4°C, 1,000 X goll 4] 1087
Fejshodch A2 2o} 4°C, 10,000 X goll A 20%7¢
Al &8s}, pellety 10mM potassium phosphate
buffer(pH 7.4) 2 AF-FAIA JAAL2 F5IF
WER sl ok A2 Y-S RolA 4°C, 100000><g°“*1
6087 thA] 1Al 22l 3o cytosolZ(AFE=Y) 3} micro-
someZ(pellet) 22 #2381 L cytosolES JAA L
2 F5YE o WEsr#ssich
GPX2] 24 X = Tappel(14)8] W& o] 43t &
A3t el 71 2 cumene-hydroperoxide E7FA glu-
tathione peroxidase =&l 2]l A= Ak33 gluta-
thioneo] Z}8¥2] glutathione reductase®} YA gk2] N-
ADPH®] £A13}e]] A 8= $25 A
GR 24 == Carlberg$} Mannervick(15)¢] v o
2, catalase@A] S Aebi(16)9] WM o2 A3 g
A ge) oA Aeke Smith 5(17)9] g ol F3ld
3l3, TFF . 2= bovine serum albuming AF&-3}

k.

al
A)
o

7+ =2 wiEtel E R

7t 22 vl ebel E 32 Furr 5-(18)8] v o=
Aestgoh SRS AAYL FH o2 7k 2454 300
2] anhydrous sodium sulfateS- 7}sle] =} 3 o}
HPLC4- dichloromethane-& 718} 1,500rpmell 4] 10
#7b A Feste] AE A5 Aslgh o)A &
-r] ol dichloromethane-g 7}3le] Fdgr wiy o g &
3] wrE-stgich #HE A& YL pore size 0.45um<]
membrane filter(Hamilton, USA)Z o #A17] o5, &
A 7FA3 el A s A Z ok 3 E A & diethylether-
methanol €3 A 7} & HPLColl 4 A%t} Column
£ yu-Bondapak Cis& AH-31] 32 detector UV 280
nm, intergrator= Waters 746 Ab &3t} 43592
methanol : HoO(95 : 5)& A}-8-3t1 ov] -2 09 3 5
£ %= 15ml/min, sample injection®- 30u 2 3} ).

Glutathione2| Xzt

Glutathione®] A 22 Griffith(19)2] vl & W ¥ 3]
o] A stgiet 214N 0.1mlell 1% picric acid 0.1
mlg 2 F 3000gel A 1027t A F2lsfe] A5
£ 93, Iml2} ¥H-&-A4(0.2mM NADPH, 0.6mM DTNB,
5mM EDTA, 200U glutathione reductase, 5l sample,
100mM potassium phosphate, pH 7.5)9l 2] 412nm
ol A FF = o] W& 7| Esl ok vk 30°Cell 4] A

o FASA B4 BAEA vHe Y 151

Fatct AHEY A8 Imle w2 #3te] 20ule] 2-vi-
nyl pyridines A 7Fsle] AA EE oh§ ALellA 14
7F Eot AS)E F A7k o 2 glutathione-2 34 3}
At ow 2-vinyl pyridinec] $= Al Bl A A glu-
tathione<, 2-vinyl pyridinee] ¢l& Al ZellA+ GSSG
(oxidized glutathione)Z &34 819 22, A Al glutathione
N 4] GSSGE Al 9] & vk #] glutathioned GSHZ 4k

Zstadot.

EAXz2

Zr B e AFERFAAE AASG 7 A
HZ7el 9% &2 Tukey's HSD testell 2]}
p<0.05 ol A A A8k, 7+ A £7ke] o4& o
o} 17) YA HETH T-testd A Al81d 2, 7]
HelR E ¥ 5 9 348 A4 S E S AR A=
Pearson’s correlation coefficient@ %ro}rgtcl.

e

Zot o TFE

A 2] W sh= Fig. 134 o), mx]pa]e] A& 4], A
9 Zrhe= g ol vig kT gl o SAA
225 B A TH(p<0.05). BT HLA 41Y
7R 9] AFE Frlekel A o o FRE FUbEk]
AA Zhastdo) R e dad B A Fo] A9k
3, 4 Frtbeks v oh BTl s et
fEEHE A7) 204 FE 40 Aboldl 6go] FU1E
Aot 22U A7) el BTl A E 25g0] S7HE
35
30 I
25t

Body weight(g)
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Fig. 1. Effects of vitamin E supplementation on body
weight of KK mice.
8 KK mice for each point. Values are mean*SD.
Low VE: High fat, low VE diet{comn oil 20%6, 511U
VE/kg diet).
High VE: High fat, high VE diet(corn oil 20%, 2080
U VE/kg diet).
—@— Low VE nondiabetic, --@--: Low VE diabetic
--0--: High VE diabetic, —O—: High VE nondiabetic
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k. anl ekl EAJolol el AF FrtolA $-2A
al ol wbA = A] edghr), TR 0] A A] P
Toll A A2 A7} F71E 982 #ReTHE97E
0.61 vs 3.31£0.38, p<0.05). M E}ul EAjo] & A3 &
2% Nl A FA O Q1A FuFoe] v G T
oA Aol & vheb iR & gk, A A o]
S AAY FuTY AA FAV G ET R $-204
22 Zd A J=2g vyt

3] W3l Fig. 29 2l A u4lo] A3 4, 2
EA P97 g2 agdu el Yee] 2rhsld e
W] A9z, BuTAME 414, 6704, 91l
P FHA 8932 27 180, 156, 127(mg/100ml)<
vebfie] G KKoH-28 Bl A g8 o]
ol = AgE el £ 97 AgE KK-91$-
29 318G FAE 2R] FA8A] gon AE 4)
Yol veh} 9~ 12719 71A] fA " b2 8 ¥.51(20)
2} A=}, Camerini-Davalos S(21)el] 2 s} 7}3¢
¥ A E 2~67019" KK vh$-26 4] A g
I, 8 Yol & mtf-2ola = el o] At gicta
LSA=0

gusl 34 BTl ws)

Zhell A} gatsta o] S S £33 A& Fig.
3~5¢ R}, mA A o] A H A v F T oA Yol
F74stel W} GRS A4 27} 4sts 9 del A
47049 68%% hellisich Fizell a4 GR 4
B ey, durt AP AA ozt FohE
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Fig. 2. Effects of vitamin E supplementation on fasting
blood glucose in nondiabetic and diabetic KK mice.
8 KK mice for each point. Values are mean*SD.
Low VE: High fat, low VE diet(corn oil 20%, 51U
VE/kg diet).

High VE: High fat, high VE diet(corn oil 209, 2080
IU VE/kg diet).

Means with the same alphabets are not significantly
different at p<0.05 by Tukey's test.

--@--: Low VE diabetic, --00--: High VE diabetic,
—{1— High VE nondiabetic, —@— Low VE nondiabetic
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Fig. 3. Effects of vitamin E supplementation on hepatic
GR activities in nondiabetic and diabetic KK mice.
Low VE: High fat, low VE diet(corn oil 20%, 511U
VE/kg diet).

High VE: High fat, high VE diet{corn oil 20%, 2080
IU VE/kgdiet).

Means with the same alphabets are not significantly
different at p<0.05 by Tukey's test.

Values are mean*SD, n=5~9

£3: Low VE diabetic, (I High VE diabetic, 8: High
VE nondiabetic, ll: Low VE nondiabetic

200
180 +
160
40
120

GPX(nmole NADPH/min/mg protein}
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Fig. 4. Effects of vitamin E supplementation on hepatic
GPX activities in nondiabetic and diabetic KK
mice.

Low VE: High fat, low VE diet(corn oil 20%, 511U
VE/kg diet).

High VE: High fat, high VE diet(corn oil 2095, 2080
IU VE/kg diet).

Means with the same alphabets are not significantly
different at p<0.05 by Tukey's test.

Valués are mean*SD, n=5~9

f3: Low VE diabetic, [J: High VE diabetic, 8: High
VE nondiabetic, ll: Low VE nondiabetic

GPX9 A== v 9L F43) 4
= o] 47092 75%3k-& R leh el 94 GPX
2 = AT, 6/0Y 0l 343 FasHgen
A& 2 Fo] A=t CAT BHEE vG T
A 670 Lol A=, 47 o] FrlHo % o o4
ZaF A otk Fxel & CATY FAEE 314
Hdov} Bnrt APHAE AL 1 +528 FA8A
o}, x Zbe) Ak}l A4 & GPX7) vl ebul E9F of7ke]
A3 3A(r=0.71, p<0.001) & et} FkFol 4] &
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. Effects of vitamin E supplementation on hepatic
CAT activities in nondiabetic and diabetic KK
mice.

Low VE: High fat, low VE diet(corn cil 20%, 511U VE/
kg diet).

High VE: High fat, high VE diet(corn oil 209, 2080
TU VE/kg diet).

Means with the same alphabets are not significantly
different at p<0.05 by Tukey's test.

Values are mean*SD, n=5~9

E: Low VE diabetic, [I: High VE diabetic, &: High
VE nondiabetic, #l: Low VE nondiabetic

ARSHA BaEe) B4 ZhasE e, ol dAS
ol A EE3A AL fhako] & A Tte] 4ts}
A stressell o sl w17Feste] A2 AL dejriA 5
3, 0|2 & EAgA A d8d Ax AR5 F
AbstA Eabo] ZHE g o 2 AL A o] A3 A
o2 galt}

¥ ebel EAlo) & A A A v T2
o] Z74d wff A Aol E AT vigLTol vl
GR A =7} 7 E %3, B T A o = 22|04
o] & A FuTol vl GR FA =7} F7h=E %

GPX9 FA = uigdunTdide ZX44el & A
A G Fo vls] F1E A, Gl AgACdE 2
Aalo]l & A H I DT w8 F7HE ek CAT
2 A == maegl EA o]l 23] =2 o 35 A
S&otet.

B Ao o8] gAakEA &2 Ao] FhaE
vlelg] EE vlgF 3332 dol= dAsA] 24 g4
o] Z7 =gl el ol wielul E7F A A 2ol oheFE Al 5}
+ HE2F 38X Aol disl] chain-breaking antioxi-
dant®A] 2H4-3te] AMEEe] 27| HES HAIEES
B Rsgoszs a8 A 728 FAAA F
=8 71937 dEo2 AZHEcH22).

o] A Hler) g o] 3 Wi u) ¥ }ed
Aedcls o] BaEe] glov), ik o)t u}
£ #H3lo] g d7E2 93] ¢l § 523 ¥
W 3x1o) oA FAakE G E ) W E 2 g
Age AF M= G e o]y 2ol - AP T

< 4

SODY] A E & e 0|87 7ko] 100 o] Akl T
Azl vl EAHCRE Fo3 FAaFE BT,
GPX9 #A4 &&= v, 54 °l3e 2 54 ~1049+
o vl s} i o] o] &r| 7ol 104 oAbl Fell A K4
AHal 714Z Belrh 22} catalased] BAE9} F
glutathione®-= -2} g+ Wisl& Bo]z] ¢sheta jict,
i, & glutathione® 3 GPX9 @A 57} A Al
Zo] gl Toll vste] G AFo] sl TolA
23 #AA2E 2ok s

A X Foll A3t ulels] Eof A=A I 832 151U/kg
diet® WA= 40IU/kg dieto]TH24,25). vl eld]l EE
2k B WL of Aol Ao Fogo] AstE L L
2 g2 ool v u, FASA R Aol 35|
Z vlelel Ex 3=k ol Aol x 542 ) vk
A 2740mg/kg diet BZA & FAdo] FAE =] &gk
th(26.27). HlE}?) ER Q13 A1 &9 9 dor]5 A
32 Vel =] (28) WA o] 4] 10,000IU/kg dietS 1671
Az AHA A AL FA o] etz fshohe Bt gl
3(24), B A AA % 77197 1w el E(2,0801U/kg
diet)Z A A 7L o vlelel EZ Q18 54 o] ity
= ekgket.

Zhe| BIERl E ¥ glutathione &2t uis}

Fig. 6o141 viebd upe} zto] mAbA]o] 4# 4], v]
BraeMe el Frtstd = uienl B9 g A
e fodch B A o8 viERl E #%E 2ka
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Fig. 6. Effects of vitamin E supplementation on hepatic
vitamin E in nondiabetic and diabetic KK mice.
Low VE: High fat, low VE diet(corn oil 20%, 511U
VE/kg diet).

High VE: High fat, high VE diet(corn oil 20%, 2080
1U VE/kg diet).

Means with the same alphabets are not significantly
different at p<0.05 by Tukey's test.

Values are mean®SD, n=5~9

E3: Low VE diabetic, [1I: High VE diabetic, &: High
VE nondiabetic, ll- Low VE nondiabetic
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Table 2. Effects of vitamin E supplementation on he-
patic glutathione contents of 9 month old KK

mice
(umole/g wet tissue)
Groups GSH GSSG GSH/GSSG
Low VE 450+084% 020+004° 225 +163°
nondiabetic
High VE 4532051 017+001° 26.64+277°
nondiabetic
Low VE 270057 039+0.15° 7.34+1.91°
diabetic
High VE 382+061° 026+0.05° 14.69+222°
diabetic

Mice with the diabetic period for 5 months were used
Low VE: High fat, low VE diet(corn oil 20%, 51 IU VE/
kg diet)

High VE: High fat, high VE diet(corn oil 20%, 2080 IU
VE/kg diet).

All vlaues are mean*SD(n=6~7)

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

Hod 1, Y ell= v e 34% 2717 =
oA 7he] wlelwl E R0} foA e g zhad
A2 7k o9l e] 22 o2 vlely] B9 {71 F7hs o
At A7) of 7] A9 7t o]l xH o2 HA
A Paw YT 55 E e, 53] g
Hagel A9 veldl E S F=2iAvty R
91 H(29,30). Higuchi(10)7} Wistar ratel] streptozotocin
22 35E S5 F g T 1F 25 205 T FA
A AA AYE 519S o, 7H] a-tocopherol -2 i
TollA A2 ga, du 205l vdeTe 81%
F&o] ke gt

Trostler 5(25)°l 2J3}lw 15 ¢] 7l & viElU E
A3 2ko) wle} vl A o 2 ujewl E 2] Aako] Z7}3}
v A kAl o)l £ vl A ]l S71E RelA] fghtin
3ted ¥} ZGNE Zhol v]erl BV} A9 o2 Sy
= B3Egiv) e B Ao A= ZtolA vlelw]l E g3
< FAsg

anjetal EAle} A# A vl el A e x4 e
E A AR vG s Tl v] 5o vlelnl E ko] 715
ded 2 23 60Tl A S8 el Aakskgd
o} anlebgl EAo) & A H e A 2 A=
vlell E ke 343 raEA] gt gy &
W2 fejeit]gde] Zrls 3 ol 2 18] 249 2ats)
A ko] ARl ube} 22 4o A3t Y& v
et=l EZF AW o o]a)qt #Absha] W=l o) Ald
A 24] Al4-5 o] 22 vkl E7) ZHAE A
olgtx A Ach(5). rlelgl Xl 5 2Lt Hal

N

29 - 3343

ANLFR} TLZE Q) 9D Foll A 7k wlERl E
oFo] <F 1.68] =gkr}. 97l Fell A 2uelwl E Ao]g]
AlolY] v]elgl E gL mA|dbAlo) 9] u|e}ul E §=k
9] 37 o} 7ke) ulebul E gk 1.7 gt} o] &=
vlelnl B9 Fojgke] 1= g ot Fgo] ZH4= gl
7] qEez ALgEck(32).

Table 261 4+ 749} GSH &8 243t AL A
Alstgel. Aol A A A FuFelAE vd e
o vl & k&3 52| GSH #8332 725 31 GSSG &%
< Z7 =9 A GSH/GSSG vl 7} A= gl o} el
9l EAo) & A 33 A $olle BTl GSH 3 ¥
GSH/GSSG7 371+ Axg Jelyed o] 24, 4
et9l E7} GSH 228 74478 & 5 4t

Krahl(33)2 %x7 9] 7oA & glutathione®ko] %}
Z2¢E 238l 1, Gandi®t Chowdhury(34)& Ab%
9] A ¥ T ZFglutathione®e] *] FRHA| -2 o
A AR A4 Aeg pustgd. =g £ 5
(23)9] A= HPTF £ glutathione®ko] 7H4%
AL o EAA fae gt

olate] A3t KK wh-2oll A 93 271 2 Fieel] 9
8 7ko] 3}4k3A EAFAE veld] E 55 ¥ gluta-
thione®} ZF4E #Asl 3, 2relgl EAle]& o] W
35 gAY FULES FAsch

[e] ok
a3 =

A 28 Bx 2] KKrH-28 o] &3te] 3} 9
F iAol 23 ghabkstA o] WistE gl sla, e
"l E B7}4]0](2080IU/kg diet)7} ool P& 382
93] B wat gl Al 28 92k 22w o]
(corn oil 20%, wt/ wt)2 2%/} +59 KK °F$2&
ARg-steich AF Y, 67049, 9709 (22 07114, 271
o, 5/ d)ell B AAIA 7he] g4akstA AA(GR, GPX,
CAT)Y 4= ¢ 719 vel]l E =& SH 39t
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