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ABSTRACT

Increased oxidative stress contributes to the progression of atherosclerosis. We measured serum antioxidant mineral
concentrations, capacities of serum antioxidant enzymes and fasting lipid profile in 97 male patients with coronary
artery disease (CAD) and 21 male controls. Nutrient intake was assessed by the semi-quantitative food frequency
method. CAD patients were divided into single-vessel disease (SVD, n=66) and multi-vessel disease (MVD, n=31)
groups on the coronary angiography. The ratio of serum LDL- to HDL-cholesterol elevated with an increasing number
of diseased vessels compared to the control (control <SVD <MVD, p<0.05). Patients with SVD and MVD had
higher levels of serum lipoprotein (a) than the control (p<0.05). The mean intake of carbohydrate, protein and
cholesterol was higher in MVD patients and the intakes of vitamins C and E were lower in MVD and SVD patients
than in the control (p <0.05). Serum copper (Cu) and zinc (Zn) levels were higher in MVD and SVD patients than
in the control (Cu: control 75.8 = 5.07, SVD 99.2 + 2,90, MVD 100.1 = 2.32 pg/dL, p<0.01; Zn: 76.8 = 5.36,
119.0 £ 5.95, 129.1 £ 2.70 pg/dL, p<0.01). And the ratio of Zn to Cu was higher in SVD and MVD patients than
in the control (control 0.78 = 0.06, SVD 0.88 = 0.05, MVD 0.99 & 0.04, p <0.05). The activity of glutathione
peroxidase (GSH-Px) was lower in MVD than in SVD and the control (control 35.13 + 1.34, SVD 35.30 = 1.01,
MVD 31.00 ' 1.04 U/mg protein, p <0.05). The ratio of the activities of superoxide dismutase (SOD) to GSH-Px
was higher in MVD than in control and SVD (p <0.05). In groups with CAD, serum Cu and Zn concentrations and
their ratio were changed compared to the control. GSH-Px activity was decreased and the ratio of SOD to GSH-Px
was increased in the patients with MVD. The balances between the activities of SOD and GSH-Px should also be
considered a risk factor in CAD patients. (Korean J Community Nutrition 12(4) : 396~404, 2007)
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Statistical Office 2006). Ad#23te] T2 Al =
AR TE de) A A= AgoEA ¥
(lesion) oA A|&tete] T A (atheroma) & A A
E A A (thrombotic) THFo] ©]27]% 3t} (Libby
2000). 53] /d5 733152 7iA)¢} 218 FPgollA low—
density lipoprotein(LDL)®] 4t8}=] T nitric oxide (NO)
2] o) g-Eo] sk & BF A T4 vhso] 4o
FoEA, o WML 75 ol 3w da 24 At
Aot HEZ AR F2lo] xeEY giaAxe] Azt
dag SRl sk ¥ opEt XA kst SX ==
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T 5RA QE0] dolvt, Ao g H3A Aslo] 2y
shA ok (Maytin 5 1999). o] 2E ool 4tsld &
E A (oxidative stress)7} TEEO] Q= R o7 AEA]
At} (Vassalle 5 2004).

27} ko) 291 AelF (selenium, Se), W+ (manganese,
Mn), 2] (copper, Cu), ©}< (zinc, Zn) 59 w34
glutathione peroxidase (GSH—-Px) 2} superoxide
dismutase (SOD) 8] 74445 =+ B ZQ1A} (cofactor) &
Al A} oA Al gt vl Aazke] 73 G
g A AU FAkE QA2 48 fA o BeAolH 1
ot AERAASS] AE A3A T urt s
RAo g HZtE ™ (Anderson 1996), o)1= &l 4ks}
FAEA v)F 7712 A AAs E 42 D #3389 A
27} 7325 (Ghayour—Mobarhan & 2005). 7-2]¢} o}
A 59 Y 71 s A 29y 5 S8 A
$E AeBtae o= AR IS AT F 7] Wil
A A7s wkdshe 7MY 2 A Ha= ohA)9H Leone
% 2006) AAFAIFHZE FRA 02 widst <= )} (Brown
1998; Failla 1999; Wood 2000).

A7k A Z (free radicals) 2HE AAE B 53]
Azt Rl FHaksl WolAlAI S wbd Az}, o] ol Ao
A B4 S AEHAREEH IS Bske 554
A& TYsh=tl SOD+ superoxide anion(0,)S &
0 2 331 hydrogen peroxide (H,0,) & A g}
&A%k hydrogen peroxide SA] & Atst @48 A|Y1
7] Wl At A Aol o] EFL ZA] GSH-Px
9} catalaseol 2J3le] *HsH B2 £ (H,0) 2 A=)
wZbA free radicals AA #olA hydrogen peroxide?)
P o] A& HElE 13 SOD2F GSH-Px 7+
P 540 8RBT F.3 ouE 71 gtk
(Ceballospicot 5 1992). F44 A2|@AN = ol F
AL HEE 0]FT 3o, ouj st o]f-Z SODe] 0]
Ax} F7FEAY GSH—-Px 8430] 74481 = SODej 2
3 849 hydrogen peroxide’} A23] x| =x] &al1
2= A s Aol TV Hi AE
o) gl S do F U Berr 5 2004).

£ A 8= B WA Ate] ksl J)A <)
F 212 dele]] isf Lotr uzt Y F2HE, THA
1, lipoprotein(a) & 8% Ad%, 83 A&\, 9xt, +
g, ol 5 kst 7714 w5 % €4 SODe GSH-Px
T A 54 B4, AR R ¥ malondial—
dehyde (MDA) & £73}3 v, ¥A3}5it}. A3

ot BEH A ¢ o] 29 (Castanho F

35
A8} Al Aol zloizt itk (Vassalle 5 2007) = H1E
o] glo Bz AT UR= FH o2 AL

TN 2 WY

—

Oy

ATE YA HAgo] gilEo] Yoo Ut
T, QA HolE g Al ol o] I U]
50% o) o] ERlsjo] FtsMAS o 7 kS 40
~ 694 FAF 978 o & it} o] 52 ThA], 3k A B
ARl Fzo] Sl YRS (single—vessel
disease, SVD, 66%)3 F 7} o)/l 2ol e tHd
A8 (multi—vessel disease, MVD, 31%) 08 BH7x
At @ AAAAE B8 FolA B Sl A
3 ZEq EE FAFI e 52 Y 3
oAz T Aled o 94, HadAMTE B dAg 4
ALQRE AAEE Ho] Sl A ATl A Qs
o} FUE 713t B S8 AA o] i) MEEle
U AT daxged A34a0E Bo|1 golv 1
g} Ad A g FA Ao skAgo] glon 40~69
Al A Heel Qe g 21WE R T o BHEITH
T AT WA 1289 F FUIAtel 38 AV 25 80
Bk (2T 16, SVDT 42%, MVDT 22%). 8%
714 =9 X st A 82 dEEA 4L B
WAE o 2 Ak 979 (SVDT 66, MVDT 31%)¢ll
oA AAEHIT

(e

2.%4

1) NN S

A3 A5 4340 AAFA S (body mass index,
BMD+= Al (kg)& A7 (m) & AT 02 Ve gk ARES)

3%
AFAH RE A AFH P st 2EE X838
HZ 19dz7He BAAHF did wEFE REzA
(semiquantitative food frequency method) & 2 A &}
Rt R A MIExARE AL o] vl E Zhdste] o
A A AAFH 9 FE A B4o] Zhssta 18] &
Aory AT TN WIS AFAFl wet 2
MY Fog EFY = 7] wiEel, A En B e
AAL 2Q1& FohllE 93 AellA dE] AREEH T it}
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(Caan 5 1998). 2471zt el &t 712 A5 3 &
3l g1 4824 517KRE gl ZALRE T4
S AH HIEE <F HAY afe- EFollA ol 23] o]
7HA] F 8708 HMFEE TS ZF 24 T A
gk A3 &= 200 mL HE 710 3l o] A
HTFZE RSt A28} sileh. 7 g AAFHAHE AEA
£-% (Rural Development Administration 2001) & <&

A= ARz,

3) HNY 29

ol TE ol A FNE & IF APt 1A
olule] E3& gaEelsnt. 28 A8 —70°CollA
WER At

4)84¥ NA Ay 5= 7Y

84 % Z2AHE, LDL-ZH2HEF 908 =+
E 8- 7] (Autoanalyzer Hitachi 7150, Hitachi Ltd,
Tokyo, Japan)E o]83lq 4% o2 £4%311, high~
density lipoprotein (HDL) —Z# 28 &2 A4 0%
3} {929 (chylomicron), LDL, very—low—density
lipoprotein (VLDL)& HAAIZ] & A& Q1= HDL &
o FAHES 402 43I} Lipoprotein (a)
E 4 #HE @47} 1.0mg/dLe]lil intra—assay
precision®} inter—assay reproducibilityZ} 3.0% ©]3}
Ql two—site sandwich enzyme—linked immuno—
sorbent assay(Behring Nephelometer System,
Germany)E ©]-&3t IRt

5 F U 5k &%

g3 0.3 mLell 3x% S/ 2.7 mL& 3713k 10819
A ole o] o]F 1 mLE ¢WH3 (nebulization) Al1H
inductively coupled plasma—mass spectrometer
(ICP—-MS, ELAN 5000, Perkin—Elmer, GA, USA)
of] FUIA T} 713k A g ZetErl A Hd TeEle] oF
6000°K9] A2 ol =EF o] o]23} 51 o2 (Ar)
71AZ w2} mass spectrometer (MS)E S0i714 A&
9lt}. AN 2000 Van de Graaff accelerator INFN—
Legnaro, Italy) & AFg3le] A 98 22 X-
energy emissiong £33l T2, ofd, U7 Ay &
4717 n|ZA 10 Y FEE TSI

6) Total SOD ¥ &%
d3 20 pLe ethanol 1 mL¢} chloroform 1 mLE 7}

slof 2 A2 3 ARt 82 A5l Tris buffer
3 mL%} 60 uL9 pyrogallold A HE 718k 2 4=t}
Pyrogallol2 A48T 7iA1EA superoxidest 2 e}
o FEEE F771=d), @3 SOD+= pyrogallol#} vHS-
ato] Adgks JAEtn FFEE ZaA7IA o Gilford
spectrophotometer (STASAR III, 1220, CA, USA)
E o|&3t] 37 420 nmolld 58 TR AR FRE T
7} AEE 4891, blankEA FRHFE AMSSIGITH &
2 1 unit= pyrogallol®] ZHgANEE 50% el o) F
Q3 G40 ko 72X AESIT specific activity:= cytosol
9] 1 mg protein®ll AY3H= enzyme unit2 FAISISITH

7) GSH-Px 88k 5%

3 20 pLoll $FFE 7181 100 L2 348t 3 4.5
mmol EDTA (ethylene diamine tetra—acetic acid),
4.7 mM sodium azideE ¥ 33l 0.125 M phosphate
buffer (pH 7.0), 2.8 nM nicotinamide adenine dinu—
cleotide phosphate (reduced form, NADPH), 49.9
nM reduced glutathione (GSH), 0.67 unit®] gluta—
thione reductase (GR)& &3 ¥he-£38E 0.8 mLE A
7¥stdtt. &716] 0.25 mM #sleAs 0.1 mLE 714
Akgl wHS-& JWAIAIZI &, FA] spectrophotometer
(Beckman) & ©]-&3to] 37 340 nmellA glutathione
(GSSG) &) dAell wkE NADPHY] &35 A £58 3
7 EA%0 24 GSH-Px9 @4S AE31dtk. GSH-
Px2] &4 kol alslriasE Aot A9 Arek3
GSSGE ¥H-EFE Ul°] NADPHE 4%A17]HA GRel
2J5te] thA] GSHE $Ha9th, 2] B4 8% 1 mL 2
1% %<t A18lE NADPHS nmol& 1 mg &45-1ef %
Sh= unit® FAtste] YeRAITh

8) MDA 5k &%

g% 20 uLol 80 pLe 0.1 M Na,PO, buffer (pH
748 7130 383 @A F, o] 7Y 50 pLlel 1/
12 N H,S0, 4 mL# 10% phophotungstic acid 0.5
mLE 7151 335 & AoM 5337 BAsIT) o] £
Frolg Aaite] (4000 rpm, 1087H) & 5 28l 1/12
N H,S0, 2 mL¥ 10% phophotungstic acid 0.3 mL&
74t F ZstAl Aol FUH o] EFAS A A&
(4000 rpm, 1087H 3l FHAE-S Hol 5F+ 5 mLe}
1% thiobarbituric acid(TBA 1.5 g% 10 mLY c-—
NaOHe]| &3|A1Z1 & 50 mLe] T/HRTE HA7s £
perchloric acid® pH 7.4 @51 5542 100 mL7t



A AL TH& 7% perchloric acid 50 mLE 718+ £9%) 2
mLE 718t & 90°CelA 2083t 71dsigit). o5 WA
71 ¥ n—butanol 5 mLE 713t & & £33t AHEe
(4000 rpm, 1087H3Ie}. A%2] butanoks= lumine—
scence spectrophotometer (Amico Bowman series,
NY, USA)E 0|83l FFTE £33 3 (excitation 500
nm, emission 553 nm) EF§N 3} v wale] 0] s}

Atk

9 W 24

79 BAA BAES Y8 Strategic Application
System (SAS, version 9.1.3) T 7#-2 ARL3)5Ict o
ZT, SVDT, MVDE 5 Al i 7ol W52 2ol 4
Z3517] 3] d 2B (one—way analysis of
variance, ANOVA)& AAJ319 a1 Student—~Newman—
Keuls W& AH8310) a7k 50|28 AA 8890 2
o) F=x)= F gk + FF 23} (standard error of the
mean, SEM) Z A3} 8% 7714 w59 €% At
3} X ¥ 9] A3BaAE Pearson’s correlation coeffi—
cientsZ JAIBIY 4 HAE AT

4 0

1. A Arg

=7 SVDEH MVDTe] dukiga) 84 )4 5
2 Table 13} 2o}, 4%, BMI, 8% XA, £%7) - o)
471 gt T2 Al Ak ol f-238t 2polvt YTt F F
2EHE3 LDL-FH2HE F52 tizTel vlsted MVD
oM E3kow, HDL-ZHAHE 4528 Uit MVD
7 SVDFIA #3hek(p < 0.05).

AR - Aed - LA - 25 - oA - 399

LDL/HDL—-E#2 8|2 ¥l MVDT, SVDT, tiZ79
£o7 o (2 2.8 = 0.2, SVDIE 3.5 £ 0.1,
MVDT 4.2 £ 0.2, p < 0.05) lipoprotein(a) &= )&
o vjgte] SVDT# MVDFIA ok (t2T 314 +
1.31, SVDF 40.2 + 0.35, MVDZ 42.3 + 0.81 mg/
dL, p < 0.05) (Fig. 1).

2.9%2 Y4B

xT7 SVDTH MVDT-9) H%4a A3 A 3=
Table 29 2t} A 79 oux], A, AlojA-§o] AlH

= EAZCE F93 xl0)7} AT BFEE, A,
FY2HZL Tl vlslel MVDFe] 2ol A3 sk 9l

Table 1. General characteristics of subjects

Control SVD MvD
=21 (n = 66) {n=31)
Age (y) 55,6 £ 055 579+ 0.15 583 *0.12
Body massindex 249 £ 015 249 £ 005 24.6 £ 0.04
(kg/m?)
Total cholesterol  181.7 + 1.01° 191.0 £ 0.55%210.5 + 1.419
(mg/dlL)
LDt-cholesterol 1109 £ 1.17° 121.6 £ 0.53%144.3 £ 1.21°
(Mgr/dlL)
HDL-cholesterol 39.4 £ 0.66° 354 + 0.10° 31.3 £ 0.23°
(mg/dL)
Triglyceride 1621 = 438 1653 £ 1.40 175.6 + 2.94
(mg/dl)
Systolic blood 133.8 £ 1.11 1300 £ 042 1323 £ 046
pressure (MmHg)
Diastolic blood 838 £ 064 835+ 026 823 %029

pressure (MmHg)

Mean £ SEM. Values with different letters significantly differ from
the others (p < 0.05). SVD: single-vessel disease, MVD: multi-
vessel disease, LDL: low-density lipoprotein, HDL: high-density
lipoprotein.

45 1
40 r
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30 T
25 +
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15 |
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LDW/HDL-cholesterol (ratio)

3 O

MVD

Control SV

g

Fig. 1. The pattem of serum lipids of control and patients with coronary artery disease.
Mean * SEM. Values with different letters significantly differ from the others, p < 0.05. SVD: single-vessel disease, MVD: multi-vesse!

disease, LDL: low-density lipoprotein, HDL: high-density lipoprotein.
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KRz, Bl Cs} Btz vlste] SVDE#H MVDE
o] H3HFe] 3tk (p < 0.05).

3.9% R 5k
tAte] 84 ¥714 55 Fig. 29 2. €% 729

Table 2. Daily nutrient intakes of the subjects

Controt SvD MVD
(n=16) (n=42) (n=22
Cdlorie 1825.8 £ 31.9 19643 + 10.9 2079.2 £ 12.2
(keal)
Cabohydrate 3110 + 5.8° 3426 £ 1.8%® 3772 £ 20°
@
Protein (g) 655+ 1.4° 716 06® 805=x 06°
Fat (Q) 386+ 1.1 341 £ 05 364 £ 04
Cholesterol 1420 £ 1.8° 1820+ 1.0%® 2112+ 1.3°
(mg)
Fiber (g) 49 + 0.1 47 = 0.04 51 0.04
Vitamin C 596 27° 415+ 04° 429+ 05°
(mg)
Vitamin E 499.3 +£ 29.5° 2807 + 3.8° 3112t 59°
(mg a-TE)

Mean + SEM. Values with different letters significantly differ
from the others (p < 0.05). SVD: single-vessel disease, MVD:
mufti-vessel disease.

ol FxE= thx el vlgk] SVDEH MVDEolA =9
o (Fa: thxF 75.8 £ 5.07, SVDT 99.2 = 2.90,
MVDZ 100.1 £ 2.32 pg/dL; okd: ti2F 76.8
5.36, SVDF 119.0 = 5.95, MVD¥ 129.1 £ 2.70
pg/dL, p < 0.01), 83 U2t F5E 2T SVDTol 1)
3t} MVDZolA R EZF 0.56 = 0.058, SVDE
0.62 £ 0.03, MVDZ 0.37 = 0.02 pg/dL, p < 0.01).

g3 7)ol gigt olle) H] Zn/Cut thzFol Hl3tod
SVDZH MVDTAM &2 A0 2 Jepdoh (dhz1 0.78
+ 0.06, SVD# 0.88 £ 0.05, MVDT 0.99 * 0.04,
p < 0.05) (Fig. 3).

4. Y% MY TLAY AELMSAE

SOD &4 Al 7 gl 28t 2jo) 7} gllth. GSH—-Px
4L =77 SVDEe H|ste] MVDIolx] 2HA Vet
w2+ 35.13 £ 1.34, SVDT 35.30 £ 1.01,
MVDT 31.00 %= 1.04 U/mg protein, p < 0.05) (Fig. 4).

A AT R 2R MDA 5 Al T el f8& 2}o]
7} 9A31tH(Table 3).

o] F 849 H|Q] SOD/GSH-Px+ Uz&73 SVDr
o H]3te] MVDTelA A et (2T 0.065 +

Ul 7 o .
e SN
ol 1 | %
g ol - g %
go.s: §>10» %
! .

Fig. 2. Levels of serum minerals of control and patients with coronary artery disease.
Mean + SEM. Values with different letters significantly differ from the others, p < 0.01. SVD: single-vessel disease, MVD: multi-vessel

disease, Cu: copper, Zn: zinc, Mn: manganese, Se: selenium.



0.005, SVDZ 0.064 =
p <0.05) (Fig 5).

0.002, MVDT: 0.076 = 0.002,
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Table 3. Concentration of serum malondialdehyde in confrol and

ARAl - e - A2A - 259 - o)A - 401

re

3 Fo AHTAIE 73 4 (p < 0.001).
2 ORI 83 77143 @3 At A B G
F@ANME A ordol @ GSH-Px 84 4 8%

MDA 53 24 AFIAE 7N A%, 8% AeE
o] &4 MDA 53 29 AHUAAE B3t (p < 0.05)
(Table 5).

Table 4. Pearson's corelation coefficients between serum mineral
levels in patients with coronary artery disease

. ) ) Cu n Mn Se
patients with coronary artery disease
Cu 1.00000 0.54762*+* _0,00809 0.66833%**
Contro SvD MWD pvaue 4 100000 002085 057580
h=21) (h=66 (=31 Mn 1.00000 -0.03070
MDA (mmoll) 4.49 + 0.04 4.39 +£ 0.02 469 £ 0.02 NS Se 1.00000
Mean = SEM. SVD: single-vessel disease, MVD: mulfi-vessel dis- ¥+ p < 0.001. Cu copper, Zn: zinc, Mn: manganese, Se:
ease, MDA: malondiaidehyde. selenium,
a
14 0 a a 0.08 [ b
12 L b 5 007 T b
7 T
— — L 7,
o % g o 7
= / = 005 /
B o8 / &
g / o004y /
= 06 % C oot %
o] i Q
g / S ooy /
02 | / 001 | /
0.0 L 4 L 0.0 3 /A I
Control SVD MVD Control SVD MVD

Fig. 3. The ratio of serum zinc to copper of control and patients
with coronary artery disease.

Mean £ SEM. Values with different letters significantly differ from
the others, p < 0.05. SVD: single-vessel disease, MVD: multi-
vessel disease, Cu: copper, Zn: zinc.

Fig. 5. The Ratio of the superoxide dismutase to glutathione
peroxidase activity of control and patients with coronary artery
disease.

Mean * SEM. Values with different letfters significantly differ from the
others, p <0.05. SVD: singlevessel disease, MVD: multivessel
disease, SOD: superoxide dismutase, GSH-Px: glutathione peroxidase.

N
)
et

g
[=]

<)

o
3

©
o

Control SVD MVD

o

Control SVvD MVD

Fig. 4. Activities of antioxidant enzymes of control and patients with coronary artery disease.
Mean £ SEM. Values with different letfters significantly differ from the others, p < 0.05. SVD: single-vessel disease, MVD: multi-vessel
disease, SOD: superoxide dismutase, GSH-Px: glutathione peroxidase.
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Table 5. Pearson's conelation coefficients between mineral levels
and markers of antioxidant system in patients with coronary artery
disease

Cu In Mn Se
SOD -0.02058  -0.00409 0.09694  -0.07308
GSH-Px  -0.08167  -0.24757* -0.19941 ~0.04895
MDA -0.21192  -0.22092* -0.19404  -0.25128*

* p < 0.05 Cu copper, In: zZinc, Mn: manganese, Se: sele-
nium, SOD: superoxide dismutase, GSH-Px: glutathione peroxi-
dase, MDA: malondialdehyde

1 3

L

F< 759 LDL/HDL~Z2HE Hli= LA A
F F7tek Bo] glom BT WA 93PS ol A
2= 4#A Itk (Blaha 5 2000). £ AFo)A 2T E.
th SVDTelA, SVDFET MVDol|l4] LDL/HDL~Z3|
AHES v7F & A0 Yeht WFHAge] v 3
Aol o] ¥I7} F2 98 AAZ FALeh= Zl o7 Pzhech
=3} lipoprotein (a)= foam cellolA] AdF EH o] 445w
35S 4o 5 9)ai (Bottalico ¥ 1993) Zekzux
2l (plasminogen) %2 TZ2AQ FAM] we] Jr
(fibrin) o)} AE3}o] Fo|BA HES sh= Ao =F d8jA 3l
o} (Ezratty 5 1993). £ dF el T SVDEE MVDTl
A lipoprotein (a) 9] ¥ %7} %A Yel LDL/HDL-Z4
2HE vl qEY] e HASe] T UHEA B
ol Q= oz AzE

A AF A= (reactive oxygen species, ROS) o)} 23+
Yo MIRZ2] 7)5 #ghe S HAE 50 Wy Wi v
o) 23 MY &40tk (Madamanchi 5 2005). @A
SOD$} GSH-Px, catalase 5 dFata ol 23t aatst
Wolazls WdeBAEe s Yok ule 523 7]
Holw Wzt 7o, ofd, Al T ksl Fr1dL ol &
29 FAQA TE BHEAAEAN I A Bt
(Ghayour —Mobarhan % 2005).

TElE Ak A CuZn—SODY E FAA R DR
FEA A AHELSS, T A2 slE A3 g
UYWIHAHE 7]5 oS 25l (Ferns 5 1997) TAHE¢
A AF 2<lo] F F k= H1go] Yt (Klevay
2000; Kazemi—Bajestani & 2007). 3|4 B o] A
g3 7 sEE yZ2Tl v)gl) SVDEH MVDTolA
2o Fo} o]F AT UXBHA] Ysket. vhE AFE
A gt 2] el AolF<% (transition mineral) 22

3

=

Z-galo] 235)3 ROSY ¥4de X324 LDLY Ak}
£ 793] frEste] SF34 e adse] AE S St
A = itk G7tE0] 8loH (Esterbaur 5 1992; Ferns
% 1997; Lamb 5 2001), % Felrt A8adss n)$
g 21F Ao G5 T BT = Q= A oE By
1} 31of (Ford 2000; Leone 5 2006) ¥ A7) A7= 1
Ao g Fuksty gloh =3 o3t 2 FEle 1A
dFs sl S48 A3E 4o 4 9l2om (Abiaka
% 2003; Stadler 5 2004; Leone 5 2006) 3| thalA]
L2 ZHAHE A KRS A=l S47E3ES 42
Z 4 3ol A718 vk itk (Svensson 5 2003).

o}de} P 4L =Tl I8k SVDEH MVDTell
A B =9k}, AolF52l Telohe 2l old CuZn—SOD
Ax9 A3 By dEHA IR (Fridovich
1972), 239 o} EEA| AMgo] HDL-FHAHES 7
2AI7IAY LDL-FHAHES S7RIE 2N A4d
%S 3 F= Utk AFER o] (Hooper 5 1980;
Freeland—Graves % 1982; Chandra 1984) 8% o}
& 9 old B33 AR Ee] A s
gL AEE Q77 279t

83 7elg old wE= IS FAE 7] gzl
A AR NHdshe 7P & ABE ook 3 4
Ak 84 2 T oA, B E g9 Al &
AAQ EA Fo] #osle g 7hd3] AHEy)os ufg- &
75t EAolt} (Leone 5 2006). kA4t T2jgtold 5 &
3 v|F 449 JFLEE TSt AEAd A SRS 5
Q= Ak ARG A AR olF7EA] glow s d
g ARgshE WS 8 5] SR, AL AFFES Y
Aoz wd¥ £ Ut Brown 1998; Failla 1999;
Wood 2000). aebA SVDT MVDTA 71 5
o] 84 sl ol = A0 A F1E v
[ Slok. AAR FFRAIA MVDro] tiz7ol ¥
3t Bkt A e aEES 2o AFsk U
1, SVDT3 MVDE] Hlel Cs} B tizel] B]3}o]
AFF] 2L T AT oA Foa AFHFlE AJol7t
UATE. AR 7713 HFHHS IZATSHA] Yot oleh 22 2
B} A SR Qs Alx] A o] whg i oA tiat
2 AEZ Q| VveRd AR & 4 Al

T2 9} ol B WIE S o= Fe
JAAZA F& 759 ofd/7e] n)7 sk o
5o} 13- ofe] ATFeX FFH o2 XFA vl glod &
8] o] &2 H|7} WA ske] whge) AYA Q9lo] F
o] B9 v vk (Klevay 1975; Singh 5 1997;




Kazemi—Bajestani 5 2007). £ A7\ E SVDTFH
MVDT¢ Zn/Cu ¥)7} tiZz2ol Hl3le] FostA =2 3
02 veh} e AR elA nBT71Ee e R 8
ohe}t o) 57t F8 ) A ARV 2 F = vl (ratio)
= ER T oS A Ao AlgH,

FEUARI M A oA Y T2, Y Ay
T 84 7o 9 okdz o AREAE 7K T AU
722 Aol @3 ol e 8% GSH-Px 4 9 8%
MDA &3 29 4HEAE 71 %z, 8% ddF
< ¥4 MDA 53 &9 ATBAE 1ot IdsHz
Sxjol| A Wske galst AALE, FAke §714 7o) A
A9} Ak} 723} 5azke] @A el Fgs v A
o7 AztE o571 AAAA ] thaiM e FHEA A
F7} B esieh

A5 Z-E AAS] F8E ARIshe FAksE AlAA
PArsE a4Q1 SODE YAty ol 7|4& gastal Q1
E3] Mn—-SODE AlE ] v]EZEgole] Y18 Q17] o
Tool) 18} AE A tiEshe Hx0) oMo = 5 3)
th(Faraci 5 2004). W2bA dizof vlsle] 2 $52
2 vt MVDZ9 37t 555 Mn~S0De] 840l 4%
2 A Y& Aoz AlREY. 28y 2 AN 4
AZ Mn—-SOD &4& QA ERe == olF FAT
I Ash

T 7R o)2de] AFFE WA Fato] Yol TF IFEH
A3 MVDZoA @& GSH-Px 43} o] = ¢Igh w2
SOD/GSH—Px 87} 534 2 2 Jepdtt. SOD GSH—
Px T &4 7k0) B3-S SOD) g8 323% hydrogen
peroxide?} GSH—Pxel 25t 243 Ae=x] &3 &
ABE 5 S-S usth(Berr 5 2004). uleb IAFEY
Ago| A ¥ $59 SOD/GSH—-Px vl+= ZH 549 84
w1} o & s Arsd AU~ F74HE el A
71 = & Sl St AR AE#HAE (4 i F
o #ojgto 2N FANAHET 5 WEHAR] WA
Fojshe Aoz deA vk (Vassalle 5 2004).

oldol| A thz ) Bl w3l WA el XA |
| g 271383} 524 5o A3} AA) AskEe) AT
E3) SVDTH MVDTFoWA Cust Zn 55 ¢ Cu/Zn 8]7}
wsE o] Y MVDEM GSH-Px 84 74 9 SOD/
GSH-Px H]9] $7P7F 5380l o, o] & F3l BdEH
Agzre] Aksta 2 A7 FIHEC] QS-S AT+
ok 7=, BFEHASe] SaksANA P8 F71E
5 9 54 495 4 018 7] #¥LS Hrt /@
HaEof g o3 47 AlgET)

AR - e - B - 254 -

s)okA} - 403

2% 9 22

AERARY] 8 9dA =4 34
2E 27t A ol 2o defA ot £ A7 o
AARe BALE, ixT (21%) % #EH e

o, SR RNERALE B8 Gk AHFE AR

1. LDL/HDL~-ZH A HE "l MVDT (4.2 + 0.2),
SVDZ(3.5 £ 0.1), =7 (2.8 £ 0.2)8 £02 ¥3to
o lipoprotein (a) (mg/dL)E= 2T (31.4 + 1.31)¢ ¥l
3to] SVDT(40.2 £ 0.35)3 MVD(42.3 £ 0.81)]
A E8keh(p < 0.05).

2. &F3lE, @il ZEAH S iyl Hist] MVD
o] ol AHs 1 U2, vleR C8 EE djzTe] vt
o] SVD# MVDFe] A3 Ze] At (p < 0.05).

3. 8% 7219 ol F& (ng/dL)E ET (7 75.8 +
5.07; o}l 76.8 * 5.36)f nisld SVDT(99.2 + 2.9;
119.0 £ 5.95)3% MVDZ(100.1 + 2.32; 129.1 £
2. 764 =gkod (p < 0.01), % T2 thgt o} ] u)
Zn/Cu%s tZ7(0.78 = 0.06)°] )3l SVDT(0.88 *
0.05)% MVDZ(0.99 T 0.00) 04 F& A2 et
Hp < 0.05)

4. GSH-Px &4 (U/mg protein)< t)#F#(35.13 =
1.34)7 SVDT(35.30 *+ 1.01)} vldtd MVDZ(31.00
+ 1.04) A4 RA ekt (p < 0.05). ©)F F &29) H]
9l SOD/GSH-Px¥ W& (0.065 = 0.005)% SVDF
(0.064 = 0.002)°] B3k MVDT(0.076 + 0.002)°ll
A A JeRsT(p < 0.05).

oL 330l B o, th2F ) v|wshe] Fe NS
Aol T2, ol 5o Fatkst FU1A 9 FEs} vlgo) ¥
g5]o] ek, =3tz 72 SVDEel vldtel MVDEel
Al GSH-Px 84& 7431 SOD/GSH-Px Hl= $7F
o] b, FAkst 520 AE B9 wEo] SODS
GSH-Px7t2] 782 359 #eadgers 2ot 9
A BHAoE S F 9% 947 AlgEY,
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