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Plasma Malondialdehyde, a-tocopherol and Erythrocyte Superoxide
Dismutase Activity with Blood Level of Heavy Metals in Welders

Won-Jin Lee*, Cheon-Hyun Hwang”*, Soung-Hoon Chang*
Byung-Chul Chun**, Hae-Joon Kim***

Department of Preventive Medicine, College of Medicine, Kon-Kuk University”*
Department of Preventive Medicine, College of Medicine, Konyang University ™"
Department of Preventive Medicine, College of Medicine, Korea University***

We investigated the association between the oxidative stress and the concentration of
heavy metals in blood among welders. The study subjects were male manual CO,
welders{N=127) exposed to several heavy metals. ‘The age distribution was from 20 to
63(GM=33.7) and the geometric mean(GM) of work duration was 4.2 years, We analyze
the level of blood lead, cadmium, managese and chromium which was related with the
oxidative stress in the animal studies. Blood selenuim, plasma malondialdehyde (MDA},
plasma a-tocopherol and erythrocyte superoxide dismutase(SOD) were analyzed as biologi-
cal markers of the oxidative stress.

The results of univariate analysis showed that the plasma MDA was significantly corre-
lated with e-tocopherol(r=0.327) and blood selenium (r=0.313) concentration. But we could
not find out any relationship between the erythrocyte SOD activities and those metal con-
centrations, Neither smoking nor alcohol consumption was related to the level of heavy
metals and the oxidative stress biomarkers. As the results of multiple regression analysis
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with stepwise selection method, 1) the change of MDA level were dependant with the

level of e-tocopherol and blood selenium concentration(R*19.7), 2) the plasma a-tocopherol

level was dependant with MDA and blood chromium concentration (R’=15.6), 3) in case of
~ erythrocyte SOD activity, only the duration of work was significantly selected.

Key Words : Heavy metals, MDA, SOD, a-tocopherol, Welders

M B

FTEEOE Q% A BA47ALe 283 WA
A @geyt B 44 T e AV A4
of 93t 7]He] FEAYEE FIA d7Hzn Ut
(Stohs®} Bagchi, 1995). ¥tgA Abi7)
(Reactive Oxygen Species, ROS)& superox-
ide anion{O,- -), perhydroxy radical(HO, ‘),
hydrogen peroxide (H,O,), hydroxyl radi-
cal(HO '), alkoxy radical(RO ‘), peroxy
radical (ROO - ), organic hydroperoxide
(ROOH) % Ak49] free radical AHS wal=
Ao 2M (Sie, 1991), FFES VIR §7184),
WA, FoF, 8, nith 7 S Q) BAE
£ Aoz d7iA vt (Kasprzak, 1991; Nelson,
1995).

H BHFAA =] HAL (EFIF T, 1996)
FIHE AlgolA ANERAIFETE VRS FAl
3 vx=g FAFNE FEATe AR &
At LaDou, 1997). B3] o|8d F3417
A EA71AL "%zte] dopamine?l A7FAakE}
(autooxidation) & %7HM|A free radical?] 24
< FHAAEL, olRAC) striatumWl @itz @
AXEPE FXAA7e ez Adysan g
(Donaldson %, 1982; Goyer &, 1995). 7l=§
9 EVIAE o3 FEAHNM oxidative stress
o pEgde Rer A4WHn v (Jamalld
Smith, 1985; Hussain %, 1987; Stohs%}
Bagchi, 1995). £% Stohs®t Bagchi(1995)& #
o Fl=EE AFA F 7 A¥Y malondi-
aldehyde(c]3l MDA), acetaldehyde, for-
maldehyde, acetone 5 AAMIHFEES FI=F
220 3t AA PG AEZA B bt Qo) =
WelM = A5 A3 (1990) & Ada 489S

Z3A Ft=Fe) 28l superoxide radical A4l
Z715) 1, olo] Wt superoxide dismutase (o}df
SOD) ¢ g =rF AAEE Byt +Euell
Al 7V &3] 2AEE % 59 49 23
de] BA7)ANd T HbgA ATt dedste AL
2 BEAYE B9 EA9UAT (Gerber F, 1978;
Ramstoeck &, 1980; Ali®} Bondy, 1989;
Rehman, 1984; Donaldson® Knowles, 1993).
d ZF2 2RAES YFeR F ATENMZE(Ito
%, 1985; Sugawara %, 1991; Jiun¥} Hsien,
1994) oxidative stress & YETH A FE0) ¥
F A Txol 9% wetin Zud vk Qlok 19

2 $F4E5d gt aF24 AFd 2 dg
free radicalel ¥tsbAol a3 ool 2t A
o2 A9s 3 gler (Shi¢t Dalal, 1991), Lund
F(199) & A¥EE 25 F2AN F AF2
2elA A AAsLEe] 718 #AFSLT oxidative
stress7t 222 Q13 AFEADE Al Fa3
Z1-elg . F4% bk gdth. E} Minotti}
Aust(1987) & el 93 A A9 i3t EX1E] 1
oL WA Hf3t % AHE YUY F Utkn
BEaaiglen], 1 7jde Hd 93 fxd At
2 2 free radicalel] &jall A|¥W Ar]Ey Axdt
o] &2tglo] Wl Aoz Awsln glvh(Bacon
3} Britton, 1990). Z=g AW A FZe Fvke
oxidative stressE Z#|dled o] 23 o WA
({iron-induced carcinogenesis) & &% 4 3k
2 434 dtH(Toyokuni, 1996), &g 4=z
A 47 ARe AHE QA S4% o}
Aol gdiHo] e He TR o AT Y
A3) #gdge] e Aoz Ends ok (Lundst
Aust, 1992; Adachi &, 1994). ¥ selenium
£ 24 B3] fr|eecs Qg HheA AAhv)e B
AL BHiste FHEE st Aoz 48A Ao
(Ganther %, 1972; Maines, 1988).
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a8y o] oxidative stressel w3 AT}
22 Y-S iAo s 3 Aiesty a3 g
A4E WY eR R st FHE dF
TE52 (Ito %, 1985; Sugawara 5, 1991;
Kamal %,1992; Jiun¥® Hsien, 1994; #7]1-%3}
<3k, 1995; 348k 5, 1995; Nadif %, 1996;
AR AYE, 1997 4, ZF, 72, 899, #
2

2o ol

& T2,

A G FAEATe AW A3 AFE
W, AU o8 $F4 F= oxidative stress
A& EFPHoz #r1e Afte A9 gich o
}A B AN g SE45 FE2Ha Ye
SHAY TEASS YR 8F FEE 559
AW oxidative stress HEIE Hrigozn S35
of 93t ukgA atarle] AgE whebstmzl &Y
th ol& AF ] 918+ oxidative stresse] A
Y HrHE A AETH AREA, ADItsE
9] 4bgel Iy MDAS A7 SODL $A4=
agln FakslEe-g e AR 4l dFF o
tocopheroldt 5 d#HllF F=& &% Plwatch

=

Lo O N O

d
A

It

ATk Y Y
1. odchet

CO, °ta8HF @8 T2A 84WE AR
2 AAsslen, oF 5 A3 AEERA o8
F AR, Tk, 1Y T HHe] IAY HA
71 Aol the A& HIRsle] FAA, H|E}
A HEREL At T1HE HF AT e
2 AR AP 19979 39 FE 49%F
o dAlskict.

2, AT

1) Sy dE =A

A% R AHE HEs] BY E3 4%E
7 de e AES, 434dE, dx,
wE9, g3 o AEHI vEA, d4A, @
F 5 o 589, a3 5 2 F E A

2) ozl
ZAF B APFE 22A; 71elA FAE 10
ni¥ % AH AT AF T e sFde] gzl

© vacutainer tubeo] W3 T Fo HAE 2 m
E T84 4 99 £esad ez 3,000
g= 5% 44 B 5 €49 F¥TE A4y B
gste] BAAAR 70 col R#siHY, H¥3
SOD A== AF A2 FE 2d ou &3
onm 1 9]e] #4e 33 oo HA S,

3) ALl Zt EF 24

(1) 8943 F34% £4

@ Matrix modifier £9el addition stan-
dard, blank, sample& 718 ¥ 7| (graphite
furnace) 7t F#€ AFHZZA (Varian
spectrAA - 800 GTA-100) < 10 4% AFFUA
A% @ AFH Wie FEEFH7PY (standard
addition) I HE& o83t FEE AEFIFALH o,
FIEE, e APFA S AdEE ¥4F
oA EM&drt, @ Ztze] FEHE MR &
= ZEaqe FYE g &4Ho] Y=g s,
A&4%e 7ge o sl Ede $Hv)sE s
Z gAY A3 exdA JlgeesE 2ET)
(Varian, 1988).

(2) HEE MDA &4

35 MDA % £4& &3 #o] Chirico
(1994) 9] el ot @ ¥3 0.26 mE
0.2% BHT (butylated hydroytoluene) 25 ol
AL % 0.44 mol H,PO, 1.5 miE 99} @ 4
20X 10¥37F H¥g ¥ 0.6% TBA (thiobarbi-
turic acid) 0.5 mlE B3 90 C 4] 4587
HEAZAT, @ AEE 4SER YA
syringe filter (PTFE, 0.45 )& S3A171 3 20
#E HPLCY 8t A3t @ AMHgshe
n&AH AgvlEady (HPLC, Shimadzu LC-
10AD pump, SPD-10AV UV-VIS detector,
SIL-10AXL auto injector)d #4272 col-
umn: C18(D 3.9 mmx30 em stainless steel,
Waters), mobile phase: 50 mM KH,PO,-
KOH, pH: 7.0/methancl(65:35, v/v), flow
rate: 1.0 m//min, detector: UV 532 m=z 8}
th Aibe MDAV A|A9 ol 98 e AL B
A7) 93l enzymeH o E A 43 Zd
2HE g2 Yol A3
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(3) 387 30D 4= &4

AP SOD A=+ Sun 5(1988) 0] A%
Hhel ojste] SR8k @ 4 HET 0.1 mol
4CERS 0.9 wE J1E ¥ @ 283
chloroform 0.3 mi$} ethanol 0.5 mE ¥& ¥ 1
B2 vortex mixingste] #|RI &8 AAsAr)
® 9 |4E 5000 g2 2087 94 sl 4%
o4& g 3 25 FAetd 0,05 mE Fa BA
T AR AlRZ AMEch @ pH 10.22 9
2.45 ml SOD %9 (xanthine 0.1 mmol/!,
EDTA 0.1 mmol/!, bovine serum albumin 50
mg/!, nitroblue tetrazolium solution(NBT) 25
#mol/l, xanthine oxidase 9.9 nmol/!, Na,CO;,
40 mmol/!) o AAL A& 0.5 WS ¥R 25 ¢
Zof| A 3087t FolFitk ® 308 Fol xanthine
oxidase 50 4 Wi 2087 wHEAA ® 208
ZF WrgAIZ Foll CuCl, 0.8 mmol/t & 1 ml 37}
oo & FAANAT @ AHE N ES F
BBEAZE o3l 560 molH FFES A&
o} #FE2S human erythrocytelcat. no. S-
9636; Sigma)Z& AM&-3l¥er ©9e NBTY 4
&E8 50% AN we] Ao & 1 unitR
3l9tt, Ed+ cyanmethemoglobin Ho2 574
g oo FRIFRYY H29| unit® Yeh)Ach

{(4) 83%F e-tocopherol ¥4

Y733 e-tocopherol £412 Bui(1994) 7} A&
el F3ted 2438159 t), @ Vacutainer tubeol
100 4 tocopheryl acetate internal stan-
dard (50 we/ml) &k EF 200 4E €3 10 2T
vortex mix 3tATh @ 37]e] hexane 400 4E
€3 1 E2F AlA vortex mix stk @ 1500
rpmollA 587F A48 E STt @ Hexane &
& 3% 5 33 A hexanel & AF&3]
o] vacutainer tubecl 3Tl B Evaporation
& AzsAE AR 25 M diethyl ether ¢} 75
# methanol& ¥o] & 838)A171 & HPLCA 10
WE FHATE AHSdte &g IRetETYY
(HPLC ; Shimadzu LC-10AD pump, SPD-
10AV UV-VIS detector, SIL-10AXL Auto
Injector) 9] E4FAL column ; #Bondapak
C18 (id 3.9%300 mm stainless steel, Waters),

mobile phase ; methanol : DW=95:5(v/v),

flow rate; 2.5 mi/min, column oven(CTO-
10A); 40 ¢, detector; 292 nm, sample cooling;
4 T2 393, evaporation system (Model;
RapidVap Eva-poration system, Labconco)2]
Z& Temp; 60 C, vortex; 20 rpm, Time;
25 min, Vacuum; 10 inch Hge.& &t} olw
a-tocopherol®] Z#zk2 ¥y FXA FExo 9
e ¢ 9lesmz (Combs, 1992) A 3+ 2
Y2 E groz BT F THsHY

4) A7 Ame| 24

Ao 4L SAS(version 6.12) % AHE3sld
Zk 2YF}EY EXE ARG, FHAEEE A
%e 8% FE4EY 3% MDA ¥ a-toco-
pherol =¥ 3% (log transformation) &t
BYsoy. 2 2H@ENde FBASE T3
on], 4% MDA ¥ e-tocopherol 283 H¥
T SOD BAEE FHHUSFE 3m olEd foF
AN S B HFES SYUFE 3 FIAE
g HAAEILE oW AY W] MY dAF
A (stepwise selection) & AR&3slgen, =
E BAA ARL 5% FA¢FdAM B

ZARAAE S BF @PeEA AREXE 19-
494019, BF dole 33 TANTE G o
g 2RAFE RTERLE 3 Ao, 715
T 4.2d°1U0%. FD Bde A4 FIA%
66.2%, PIEFAR7E 12.7%, FAFAA 21. 1%°]
on, FFAUEA FF 13] ol FFAp7 40.8%,
13] w9t &5A17} 59, 2% & JEbTHTable 1).

2. =AM CHAALES] HE B85 sk

LHFEY FEFS Z2HEE dodstux 2T
83 94, =g, 93, 3§, dYFY Hoves
22X 22 6,17 ug/dl, 0.04 we/l, 1.58 ue/
[, 0.54 wg/l, 19.44 ug/dlo.2X AHF It
Z7kso] A UeA] FE4EL BF A0
el Ak &, 7=F, 42, 2E 59 F F
& e UYSEXE SuR Y ageE &
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Table 1, General characteristics in welders
Welders (N=71)

33.7+6.73(19.0-49.0)
4.2+2.03( 1.0-16.1)

Characteristics

Age(years)’
Work Duration (years)”
SMOKING STATUS*

Smoker 47(66.2%)

Non-smoker 9(12.7%)

Ex-smoker 15(21. 1%)
ALCOHOL (times) *

less than 1/wk
more than 1/wk

42(59.2%)
29(40.8%)

" Values are arithmetic meanztstandard devia-
tion (range)

" Values are geometric meantgeometric standard
deviation {(range)

* Number (%)

Table 2, Blood concentration of lead, cadmium,
chromium, manganese and selenium in
welders

Welders (N=71)

6.17(1.71-22.26)
0.04(0.01- 0.19)
1.58(0.47- 5.37)
0.54(0.09- 3.21)
19.44(2.03-36. 86)

Heavy metals

Lead (ug/dl)"
Cadmium (ug/ )"
Manganese (ug/!1 )"
Chromium (ug/!)"
Selenium (ug/dl)’

" Values are arithmetic mean(95% of distribution)
" Values are geometric mean(95% of distribution)

Table 3, Plasma MDA, a-tocopherol and erythro-
cyte SOD activity in welders

Oxidative biomarkers Welders(N=71)

MDA (und/g cholesterol)” 1.58( 0.76-3.29)
a-tpcopherol (ug/g cholesterol)” 4. 38( 2.95-6.51)
SOD activity (U/g Hb)* 38.94(22, 28-55. 60)

" Values are arithmetic mean(95% of distribution)
" Values are geometric mean(95% of distribution)

Algtglen, AFRES 3t v 8F Advw ¥
T Alegd ez HAEACH (Table 2).

3 EAN oidxEe ®AZ MDASLE a-toco-
pherol 12|10 H&T SOD 4T

Oxidative stressol] Wizt AEEH ANBEA A}

431 Y43 MDA, «-tocopherol, A8 SOD &
Axe] < Table 339 Zty, A5 MDAY a-
tocopherolghe AZAE dAF F FU2HER
wystgen], HEy SOD =T RIFEY]
oz BAste Jetligith oW FHEEE s
AYT SOD EAHEE Aeddos vehon,
282 %2 B33 MDA 2 a-tocopherolft2 7]
sl Tes XA (Table 3).

4, FA defet SFEMF Ol mE 2t gk Hw

Table 49 5= &9 2 SFAHsT oxidative
stress® ZEIUAEAE DolRr] Yote] FA3H
o} 3ol wE 7z ZFFES vud Ade]
th 8% 4, ¥ 2 MDAYEE FAAYFE Z
Z¥eta den, 8% AE FEE ¥FAA A
38 Egod, BF Rdd Aoy ot
(Table 4). % a- tocopherol &=/} F% 13
o]} FF& she oA feldtAl FrkElol T
(P=0.0116). 9] 8% 4, ¥ % MDA =%
255 37 13 o|4sle oA FriEl UARL
w27 793 &ole oA tH(Table 5).

b. BZEE MDA, a-tocopherol, H&T SOD &

ME, o Y §F S35 ST7tel ATt

R 62 ZAIAAAE slolA ZF A3t dad
AE A Avelt), ¥3FF MDAE ¥F de¥
F%=9 0.313(P=0.0078), %% e-tocopherol %
=9 0.327(P=0.0011) 2} #2)g & A#AAE Y
Bgler, g FEHE%e o3 AAEE B
o1x  gkskrt. A¥ (r=0.636, P-=
0.000D), 8% 9 ¥%(r=0.322, P=0.0061), B¥
T SOD A E(r=0.238, P=0,046)%} H3% &
AL JeERRICE 19 4% MDASH AT
SOD A=t /9% RS HolA] akgle.
o, A¥3 SOD &9} e FFEENNE &
ogh Ad@de] vehtA] stk (Table 6).

8. €Z&ZE MDA, a-tocopherol 2| HEF
SOD #ATol] ¥EE n|xE ol

2easE

dAE MDA %%, a-tocopherol 18|31 HEF
SOD #A el e nlAe A5 %S Ay
H7] 93k Table 6914 frofdh Fode Bl W
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Table 4, Comparisons of some variables by smoking status in welders

Smoking Status

Variables

Smoker
(N=47)

Ex-smoker
(N=9)

Non smoker
(N=15)

Age(years)’
Duration (years)”
Lead (ug/dl)"
Cadmium (ug/1 )"

33.45(21.08-43.82)
4.40( 1.05-18.42)
6.18( 1.81-21.08)

37.22(28.29-46. 15)
5.35( 1.44-19.90)
6.26( 1.23-31.90)
0.05( 0.02- 0.13)

32.53(14. 66-50. 40)
3.23( 0.82-12.70)
6.11( 1.62-23.00)
0.04( 0.01- 0.19)

Manganese (ug/! )"
Chromium (us/! )*
Selenium (ue/d!)"
MDA (undl/g chol)”

S0D{(U/g Hb)'

a-tocopherol (ug/g chol)+

0.04( 0.01- 0.21)
1.65( 0.56- 4,83)

19.63

23.59-55.15)
2.95- 6.49 4.41

39.37

0.49( 0.08- 2.89) 0.57
1.99-37.27) 18.47
0.84- 3.16) 1.61

1.63( 0.42- 6.34)

43.30(28,13-58.47)

1.37( 0.28- 6.65)
0.70( 0.10- 5.07)
1.84-37.05)
0.54- 3.82)
34.98(17. 11-52. 84)

( 2.99- 6.46)

19.44

(
1. 44(

4.40

" Values are arithmetic mean(95% of distribution)
" Values are geometric mean (95% of distribution)

Table 5, Comparisons of some variables by alcohol intake in welders

Variables

Alcohol intake

less than 1/wk
{N=42)

more than 1/wk
(N=29)

Age(years)*
Duration (years) "
Lead (ug/di)"
Cadmium (ug/1)"

Manganese (ug/! )"

Chromium (ug/! )"
Selenium (ug/dl)*
MDA (umd/g chol) ™
SOD(U/g Hb)*

33.98(19.98-47.97)
4.09( 1.06-15.74)
5.73( 1.56-21.07)
0.04( 0.01- 0.19)
1.47( 0.41- 5,293
0.59( 0.10- 3.48
20.28( 1,58-38,97)
1.57( 0.77- 3.20)
39, 16(24, 38-53. 95)

33.38(20. 51-46. 25)
4.44( 0.96-20.57)
6.87( 1.98-23.88)
0.05( 0.01- 0.20)
1.77( 0.58- 5.46)
0.48( 0.08- 2.85)

18.24( 2.86-33.62)
1.61( 0.75- 3.46)

38.62(19. 30-57.93)

a-tocopherol (ug/g chol)”

4.18( 2.79- 6.24)

4.70( 3.33- 6.65)*

' Values are arithmetic mean(95% of distribution)
" Values are geometric mean(95% of distribution)

*P < 0.05 by Student t-test

TEE GAE AFAEHE A8l FIARNE
AA BT A5 MDA (und/g cholesterol) &
FETE NS a-tocopherol xS 5 A
HE % 5ol fo AFE MUEdn oy R
< 0.197°19ck. za8la A5 e-tocopherolE® F
H£ALE e E4F MDA =9 €5 2
FE7 98T (R=0.156). ®tA HIF
SOD 4% (U/g Hb) & SFdFge] folgh ws
2 AR EAY o Aol u)$- HJcH(Table 7).

i

al

ik

£ A ¥8F £3% $=7) oxidative stress
o} o8 A #AE ] UeA golR7] sk 7139
A 4HEL dAer B2 2E4 5, 94%
MDA, F¥FY SOD A% 3 a-tocopherold
29 8% TS AAUEEEe T
A ol ZxHn dvin A o (Sigren,
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Table 6, Correlation matrix of plasma MDA, a-tocopherol, erythrocyte SOD activity, age, work dura-

tion and blood heavy metals concentration,

Variables ‘Cd ‘Mn ‘Cr Se 'MDA  SOD ‘a-tocopherol Age  Dur
‘Lead (ug/dl) 0.091 -0.037 -0.066 -0.137 0.104 0.143 0.164 0.230 0.322**
‘Cadmium (ug/! ) 0.097 -0.101 -0.023 0.121 -0.035 0.204 0.149 0.117
‘Manganese (ve/! ) 0.113 0.089 -0.019 -0.029 -0.151 0.045 -0.008
‘Chromium (ug/!) 0.013 0.08 -0.061 -0.193 -0.030 -0.026
Selenium (ug/dl) 0.313** 0.083 0.042  -0.032 -0.097
"MDA (und/g cholesterol) 0.084 0.327** 0.158 0.195
SOD(U/g Hb) 0.070 0.130 0.238*
‘a-tocopherol (ug/g cholesterol) 0.169 0.178
Age(years) 0.636**
*PL0. 05, **P{0.01 by Pearson correlation
'Values are log-transformated
Table 7, Stepwise multiple regression of oxidative biomarkers with selected variables

Variables Regression Standard

L P -

Dependant Independant Step coefficient error value R-square
log MDA Intercept -0. 6460 0.3097 0.0407

(umol/g cholesterol) a-tocopherol 1 0.5817 0.2015 0. 0052 0.1068

Blood selenium 2 0.0013 0.0046 0.0074 0.1967

log SOD Intercept 34,9128 2.2022 0. 0001

(U/g Hb) Duration 1 2.7949 1.3728 0. 0456 0. 0567
log a-tocopherol Intercept 1.3616 0.0394 0.0001

(us/g cholesterol) MDA 1 0.1868 0.0604 0. 0029 0.1068

Blood chromium 2 -0. 0495 0.0248 0.0502 0.1561

1988; Guidotti &, 1992) BS54 W34
Ml BEE ZoR Badm e €3 d, o
, 3E, Jl=F 5 dlAEE e 3o
auid "3 duFes siwct, H32EY Adw
Fre A1t F7HE AR UHA FEEELS
25 Aol &8 AATHTable 2). HE &4
TES HALR F olFY F(1997) 9 At o8t
g5 A Hdol 4.2 wg/dl, Ft=F°] 0.40 we/
FEo] 1.2 w/l 522 Vet B Ao
A oh2A el ol FEE5EY ¥F %
Aot AgEFel wet 2A FEH7
0 2 ¥

AFoNA oxidative stesse] X HE AT ¥
MDA} ¥ SOD, e-tocopherol® 23
- S0OD EAZTlE o’ AdEAdo]l #FAEX
Fstet, o ¥F Adwd 3F MDA FEl

FE LA O

o)

JENrEOEP

2 i
off rfz oz 3L YT

ozt

52

0.3139] 484 & KA L WolUH(Table 6). =7
BAENAT 7 AdE v=v 3% MDAE,
3 A8 $5E+ e-tocopherol FEE YR Agsl
Ack(Table 7). 1AW B AN F5% 559
% oxidative stress X FE3te] A@Ade] ore 4

TASERTD AL olfe 7 AT FEPE

7 ©27 gEQ Rez dddHt, AA=
Sugawara %(1991)9 dTFdAe HIE Y

lipoperoxide®t 8% 4 x| ABAPL 0.656°]
Aem, olw ZAMNFAIES] W dF A T=t
57.1 wg/di°]R}, Jiun® Hsien(1994) = 85 4
F57t 35 wg/diolEt A$-E MDASHe] ##Adol
eFabH (r=0. 361), MDAE ¢ E&d 93 A
dglel ARE AMHEEY) YEide ¥8F A sxrt
40 wg/dlo)d Ao (r=0.879) 7hesichar 4%
Atk Jiundt Hsien(1994) & €F Ao] 40 wg/dl
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o] 449l ZEAFA MDA7ZF 2.38 #mol/ | B4,
g% ol 35 wg/dio)3t 2EAE] 1.02 #mol/
Lol W& fEA FVHEAEES BHustiA e
IFER E3E A4S €3F MDA #d% A
Qg AT/ € F U Hag v g Tto
(1985) 8¢ Sugawara E(1991)& 3 4 Z7}d
we} SODe ZAAE, Nadif 5(1996) & & &
F7t wel SOD9 F7H8 Radigiev & A
qX e 3ARA AH(Table 7) SOD BAE &
T AL Fog dFS FA X A2E Yyt
3 5 MDA & S0DS 22 glgss
o o} ZAHE ALE 44 UAH(Demopoulos
5, 1982), ¥ AIME ¥FF MDAS AT
W SOD #AE7E 0.0849] wi$ @& AABAES
HolF9ley}, Kamal €(1992) 9 |72} ol
W AHEEAN 45 MDAV €95 SOD &
Axel 0.3219] Fo3 & /NS A AeE B
& vl g W 1t0(1985) ¢ Sugawara %
(1991) 2 & EZAA MDASH SOD E4=«
o Fagol & Aoz Hud] ¥F Ho g2 &
ZAES YAeR 8AF MDAS A¥3 SOD
A EE AN "art sidn dddd,
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=7} ovigAl A2E93E Bag v, Ognja-
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1aF vk gk H £ 2AIANE 83 Flege
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w3 HFa gk, 5 W R A AgE
I & AUB/AE Hole Aoz HuHmn Ut
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ez # Yiin 5(1996)2 |7l osa €3
%3t F71e] whel @3 MDA 2 SOD A%/} F
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0.199] #o&A & FH#Al Ut g &
ZAAME 85 P3to] tE AEFH AREHR 9
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TABEE VeI on IAEN AR dFF
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Ay AGET & Aolg KA. wFA FF Fr
e 283 e Z2FPxe] A diE A7
7} A Eojor & Aee wadd, F3 AdE
o] g Aoz & 42y F7 Kashin AJFRE&
oz AN Aol odtd F A#HlEH glu-
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g JAANFE Aoz RuIHc, B AFdAe
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Qg WA g Aoy ®HnF v i)

B 2z Agdeze £HAJAEANA oxi-
dative stress® FEA7= B #FlaQE F &
Z 334 $%d dsMT BrEcke Helth
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2 E
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