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ABSTRACT

Elevated plasma concentration of total homocysteine (ptHcy) is known as an independent risk factor of cardiovas-
cular disease (CVD) and oxidative stress is also commonly implicated in CVD. An association between ptHey and oxi-
dative stress has recently been suggested. The study objective is to examine the relationship between ptHcy and oxidative
stress markers in 103 healthy college students (62 males and 41 females) . Plasma levels of ptHcy, oxidative stress
markers (conjugated diene, erythrocyte catalase, TRAP, lymphocyte DNA damage) , antioxidant vitamins ( @ -tocopherol,

¥ -tocopherol, carotenoids), and lipid parameters (total cholesterol, triglyceride, HDL cholesterol) were determined.
The results show that the concentration of ptHcy was significantly higher in male subjects (22.17 * 2.14 zzmole/L)

than in female subjects (12.28 = 0.45 xmole/L). There was a negative association between ptHcy and plasma £ -
carotene in male subjects (p < 0.05), but no correlation between ptHcy and other plasma antioxidant vitamin levels in
either gender. However, there were the negative correlations between ptHcy and plasma « -carotene or (3 -carotene,
and a positive correlation between ptHcy and lymphocyte DNA damage. A significantly low level of « -carotene or
B -carotene was found in male subjects with elevated ptHcy (= 15 #mol/L), as compared to those with lower plasma
homocysteine. These study results confirmed the views on the association between plasma homocysteine and oxidative
stress markers in humans and support the hypothesis that homocysteine promotes the oxidative environment by
counteracting the antioxidant defense mechanism. (Korean J Nutr 2010; 43(5): 443 ~452)

KEY WORDS: plasma homocysteine, oxidative stress, plasma /3 -carotene, lymphocyte DNA damage, college students.
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444 | FH TRA2EQ] g} AbsE 2EHA 2] Eoke] A

oVgel 1eel o] A s EAlol s Fold )
S Ho] ITRAIAHCIO] 844 4F (ROS, reactive oxygen

species) 2] AALS fEdlE ARERE IEAAH]ITG
/\]_gl_/\Egﬂ/\ Alolo) Zdsta E121¢] AFA]o] Q1SS
BRIk S oie 8

1 &<t ptHey o AE3AEE 918} Afe]o] /g
off digr o] 7)o AAE A 1 5 st TRAIA
gljlo] ZR-FAHER Z-g-3Ith= Hey 9] AbsH4] €471

Aoltk? TRAIAHIRRE in vitrool|A ksl (H.0.)
g YYFoRN TL-SARE BHE s, o 43

Aol & Fo] 22 AkslA A (NO, nitric oxide) 7F $1o ™
73 st AbsiARl BAkstobd ke (peroxynitrite) & A4
Sh= Zlo] HuE ek = o AgtellA 4 aRAIA
H19] T7h= H.O, A& 37171 78 st a4s
Q] glutathione peroxidase, superoxide dismutase (SOD),
catalase®] 84S FaA7|H o|E=M Abst AEHATL S
7¥gro] HAE Qe :Laiur FRAAHRISY o]ysh Z
T2 in vitro ATAIZHE A
Al Aolm? o] @J’PEO] in vivo Z71oM = YERR=
Aol sfixl= of2 ] et

Voutilainen 5" 8% SRAIAHRQ] w27} 244 )
A4 s F S7eRe HETOEM in vivooll A AR A~
EY A9 IFRAAHRIES
o] #YS Ttk Kanani 57 HIERI CE K
= 1 SEAAEHRICE i s WAl
X &S oAE 4 Q=T o]l vEM C AR
% ( OS)J A Zﬂﬂx} (scavenger)ol | wiEel] 43
= skE e = 9
| ‘LH—U‘: J2kar sielvk BIEl] E€] RF% QAN 1%
BEAZHRIEZ ] oJ3) op7]®l oMz &35 sl
BauElom ¥ grslAel WalEd (melatonin) < 3}0]
== gz (hydroxyl radicals) S A|A] Fo2H A
tizdo] st SRAAHRISY FHA 53E TS
HZE QL 01218 in vivo ATES l‘f‘{ﬂt 44 Q
Qlo g Q& ptHey L7} olejd oz F2 =2 ozt
of thgk Aol AY, F2 UAA SR ptHeyE 587] ¢
a ] = FEE WEeds Foldh dysoln®
thi AlgHo] Q71 s, M RAIAHRIETS Alsh A
Efas} dE 7)ol ol WA e st &
A7, A SRAIAERIO] YoM s2e F3S
F= 71Ho] Akgl AEf AT #HS XX sk Ao|t)

) wRls tdo R AFElS W 7 SRAIAH)
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o] TR HIEIITE VA=) SEHvhe Aol
TAAR 55 2 3y sk=A, 3 5T e 5
Al HEAE ATAR ARSlo] 1Y 54
o7 ghtelgint A AR, AT ASAE 54
3T, AA T AR S-S YA dIdA =77 Bio-
space Co., Ltd. In body 2.0)< o]g3} 451590 =
e AZ2HE WHR (waist-hip circumference ratio)
gl BMIE 7-8k5ith
Mg

& 1099 2] OPA=HE #2219 FoF ol AP S &}
At RS ] A 8AIRE o) SAlES BA
AEF A Eatglon AF Fd ofHAAL Hef| o] 52 EH
°F 10 mLe] HNE Algrol FAof ARE-SISITE th At
5o R o} 2AL Aol 12 mL A= A 3 2 719 A
2 o Al 559l Comet assayE fI8liA=
3|k Z2)E 100 x«L sterile tubeel] A& (whole blood)
S 21, x| BL lithium-heparin polystyrene tube
of =o} 1,000 rpmellA 10837F YA H2lst § Holxl
plate-letrich-plasmas= ascorbic acid 4= 93l 2|t
Aot B3t 3 platelet-rich-plasmas THA] 3,000
rpmelA 1527F 44 22l 5 4kst vjeql 9 TRAP
48 93 -80TC W Rusksltt A8+ isoos-
motic phophate buffered saline® & 2|3t 3 AAE
= ¥ A a4 S lEl —80T WEarel Raksieith

=
A

o

O:

o s HEDl &
k=2 8% a-tocopherol, 7-tocopherol ¥ ca-
rotenoids= ethanol® A& A| A8}l n-hexane &%
ZHkS- &35 3 rotary evaporator® hexanes U]
7)1, mobile phase (metanol: dichloromethane = 85 :
15) ¢l 0] HPLCE =338t 1* HPLC 4 4L Ta-
ble 1of A|A|F3TY.
g% IENAHQI 5 2N

gxol' iy_/\]/_\_Eﬂo‘l TEe Arak19]— SakoB] HPLC‘ﬂZﬁ)

Table 1. HPLC apparatus and conditions

Column Merck, LiChrospher 100 RP-18 (5 1m)

Pump Shimadzu LC-10AT

Flow rate 0.8 mL/min

Detector Shimadzu SPD-10A

Wavelength Tocopherols-295 nM, carotenoids-450 nM
Integrator Shimadzu C-R6A Chromatopac

Mobile phase Methanol: Dichloromethane = 85: 15 (v/v)

3 diazole-4-sulphonate s RFSAIA =2 F343-S LER]
WA PYst e 3ERS FAAIHTE ODS Hypersil
analytical column (250 X 4.6 mm, LD.5 gm, Thermo-
Keysone, Runcorn, Great Britain) S o]&3slo] #a]3 &
RF-10AXL fluorescence detector (Shimadzu, Kyoto,
Japan) & A#slAct

@y 5 92| T Yivls 5%

Fol /e 8 F f2712y #ksks (TRAP, total
radical-trapping antioxidant potential) 42 g3 U
a-tocopherol, ascorbate, urate, protein sulthydryl groups
T FrsAEe] 53 24ES SHste] 9 F

7] 24 FAbsles YERER AH} oES dokd
T o= vl 8 Wolt €% § TRAP Rice-
Evans and Miller®] inhibition assay ¢l wz} 245}
At o] B2 ABTS (2, 2'-azinobis (3-ethylbenzoth-
iazo- line 6-sulfonate), 150 M) 2} metmyoglobin (2.5
M) 2 H,0, (75 uM)Z A1 7oz B ferryl
myoglobin radical species2}2] A% Z-gof o) FAF
ABTS 2f)Z ofol8] 355 Yk 7|25 il
glom 7 FHo oA A= AE (0.84% plasma) ©ll
=01 & Faksksel vlglsil Hck &S 6+ 5<% 30T
oM wjFet 5 UV/VIS 2833 %A= 740 nme] 3p7g]
A FHEE S80Itk 849 TRAP 5%+ trolox®] A
=214 (calibration curve)& ©]-g3to] Akl o™ TEAC
(Trolox equivalent antioxidant capacity, mM) & X33}

Ak

HYT Catalase ¥ 53

A ksl 490 catalase?] #4412 UV/VIS &
FFEAC o3l SISl FhgetotAe] e 83
B A&Tto| 50 mM phosphate buffer (pH 7) 2} Ik}
TAE U & kAl A4S 240 nmellA] 30
=3+ S48tk
Alkaline comet assayE ©[&%t I M3tA DNA
2y 2

Alkaline comet assayi= A7 |2} o] Singh™
o] WS 4, Hetsto] ArEgith dubtE Aladst A
g 70 #L& 1 mLe PBSe| 412 ¥ Histopaque 1077%
ol-gato] &l UiSith. vk DNAC] Absha] AE# A
= 7] 918 200 M HO0,5 ARE-8FIt) Alkali lysis

AC)
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bufferE ARSIl DNAS] o5 Wile Eo5810M lysis
7} Bt slideE A71%9% buffer® 407 %<k unwinding
Al# DNA9] alkali labile sites7} =2{UAl & 3 25 V/
300 = 3 mAS] AL do] 2087 7952 AASI
t}. 20 pL/mL %Y ethidium bromide® 3L % <
A5 cover glass® Y2 F FHv] (Leica, Ger-
many) .2 ¥&slaA CCD 7M2} (Nikon, Japan) & %
3 Rl Z42e] M| s o]n)X]E Komet 4.0 comet image
analyzing system (Kinetic Imaging, UK)©] X9 75
B ZdollA A5t 192 DNA S EE o=
E o]E%t DNA 9] A (tail length, TL) Hi= tail
lengthel| tailll] $H-¥ DNA%E 53l tail moment (TM)

= S7d5to] vehligler ZF it & 2709] Eefel=
= W] 7217 50718 F 100719) dukellA DNA <&
A

Fe|~HE, HDL e 2A8E 9 SAY 5
< (F)QlstAeF] kit AlekS ©] €319 Photometric Au-
toanalyzer (Biotron Scientific instruments BTR 815)
2 27439tk LDL A8 E2 FriedwalddS 0143
o et

@73 Conjugated diene (CD) 24

CDEAE AHe] ksl Aoz A7l A E4dol2
2% LDL A3 es 8] 918 8% CD 52 A8t
Aot 8% (1 mg/mL EDTA) 9l trisodium citrate buffer
(pH 5.05, 5N HCl, 50,000 IU/L heparin) & Yo} LDL&
Z A7) 1. Na-phosphate buffer (pH 7.4, 0.9% NaCl)
2 =3t 222+ chloroform : methanol (2 : 1) 3

3lo] FHE) 2 SEAFATE o]3S cyclohexane 1 mL
F 591 5 234 nmellA FFFEARZ FAEITEY
Ao SHAE X 1 20Mmte| AT 2N

BE 8= MSQ excel database systems ©]-&5}o]
{1838t & SPSS-PC+ %7 package (version 10.0) & A}
|3to] A2lsiglnt. ZF e wel gy HdA] £
ezt (SE)E Tsigler 7 o 1k BtA] vli= Stu-
dent ttest® HZFBITE H4E 7HO] o|¥is: AdTAI=

Pearson’s correlation coefficient®! r A= A<=3sI5 )

CHAARS] HAFY

AEAE Esto] Ank 195 9 F T AgETs
A AAAS 24} (A%, AZ, BMI, WHR 2 2%
Wk 5) 2 A3 d3k= Table 29 2tk A4 tida=
1037801l oM w2t 621, oA} 41780]3it) Hat vol=
W2 24.34), o=k 21419127 BMI, 3]2]-9o] =4 vl
4 EY T W B % W9 kel &3iGic A
A At F FAAF BlE FAF 94.6%, AAF 4.9%92.
H, el g 3t (20719) 9= ZoR et WAy
Az} FAY (pack-years)< 4.7W0Itt 554 Hl&
2 92 90.9%, AAAF 78.6%F 0 Hit SFHES dFY
T AdIE AFFOE Antelele uwl, PA} 138.3 g, oIAF
45.2 goldtt. FHA R ES Fh T AR A}
36.5%, AR} 7.1%%0H ES sk AFES e Bt
SRR P2} 26.8%, o=} 9.3%0]qiTh

T QENAHPL AR} £ F R AR FY

mLe AFS FREE 1 ml 9 F A8 FRW A Table 3ol thRel 8 SAZEIIS 4 S
Table 2. Characteristics of the subjects by sex (mean + SE; n = 103)
Characteristics Male Female
Number of subjects 62 4]
Age, years (range) 24303 (19-28) 21.0 = 0.1(20 - 23)
BMI, kg/m® 223+0.3 212+03
WHR (waist-hip ratio) 0.82 + 0.01 0.72 + 0.00
Waist circumference (cm) 76.1 £0.9 66.8 + 0.6
Percentage of smokers 54.8% 2.4%
Number of cigarettes smoked/day" 146 +1.5 =¥
Number of years of smoking 6.0 £0.5 -
Number of pack-years” 4.7 £0.7 -

% of alcohol drinkers (consumption of alcohol, g/week)
% of undertaking regular exercise (exercise time, min/day)

90.9% (138.3 = 22.8)
36.5% ( 268 = 3.7)

78.6% (45.2 £ 11.2)
71% ( 9.3 £ 2.6)

1) The average tar content of the cigarettes smoked by volunteers in the range of 6.0 — 7.0 mg/cigarette
3) Data is not available

(cigarettes smoked/day) X years smoked/20

2) Pack-years =
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A eFdo] vie} Qi FAke] % &
=222 * 2.1 pmole/LEX o=} (12.3
+ 0.5 pmol e/L) of vlal Felde® =9korm (p<0.01),
A diksle] AvkE A== conjugated diene (CD)
FL o3z} (8.6 + 0.33 wmole/L) ol Hl&l EAF (7.8 +
0.26 pmole/L) oA tha w2 Zaks Hel ot {2421

Aol HolA| efghth I FAAY s WAk (1047
+ 6.9 mg/dL) ol BI3h 3=k (87.0 £ 4.1 mg/dL) el AIA

Go)A o ko) (p<0.05) oA dF = ZeAH
&, LDL- ¥ HDL-Zd2HE 552 A zjolE HolA|
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oy OIS HIER) U G211 B YNiSls (TRAP) 27

od2ke] g4 sakst vl 9 f2)7] 23 ksl
(total radical-trapping antioxidant potential, TRAP) <~
T = d¥= Tabel 49k 2tk w2ke] 45 9% a-To-
copherol (3%
Tocopherol/triglyceride X&), g%
B-carotene T IR}

a-Tocopherol/total cholesterol 2 «-
y -tocopherol/tri-
ula) felde

Table 3. Plasma total homocysteine, lipid profiles, and conju-
gated diene concentration of the subjects by sex (Mean = SE;
n = 103)

glyceride 2

Male (n = 62) Female (n = 41)

Homocysteine (zmol/L) 222+ 2.1 12.3 £ 0.5
Total cholesterol (mg/dL) 161.3 £ 5.6 161.2 + 3.8
LDL-cholesterol (mg/dL) 98.7 £ 4.6 928 £ 3.4
HDL-cholesterol (mg/dL) 498+ 1.6 51.5+22
Triglyceride (mg/dL) 104.7 + 6.9 87.0+ 4.1
Conjugated diene (zmole/L) 78+ 0.3 8.6 +03

x1 p<0.05, *x: p<0.01

o+ o oF 8t 3] x| (Korean J Nutr) 2010; 43(5): 443~452 | 447

2 92 9hd (p<0.01) % lycopene G o3& H]
3 Akl A =3k} (p < 0.05). YA daks) vleplES
AEZO]E RolX] kol Al Ul #2177 24 ils) 5

9 UEhiEE @4 TRAP 5 48 0|2 nolx)
arorct.

NE Catalase £ X &M DNA 2%
EH/‘LX}J AT catalase A E 2 A4 DNA &4
£ & Ay Table 49) At} AT catalase 432
‘ELX]' (38.8 = 0.57 k/g Hb) |4 o4&} (42.7 = 0.62 k/g

Hb) ol BJ3l o402 skt (p < 0.01). 93" DNA
&4 5 tail length (TL) 2 B9ES wl= 2jo)7} ¢lal

O} tail moment (TM) &2 HES wf o3z} (99.96 + 3.30
pm) ol Blal Y2} (107.20 £ 4.90 pgm)olAq Fedo=z
=90 (p<0.01).

SR SDAIAE|Ql £ ZD} H
@ﬂ FRAIZER g} kst AxEHke] ATt
= B Ayl= Table 59 7t} = P’ﬂ’ﬂ 7 THEAA
O]JJr B-carotene = Afelol &9 AtaA (r = —0.293,
p <0.05)7F YeRsES ¥, 1 9] {1 diidR; BFolA &8
2 SEAIRHR] ) YA @7 d4lks vl aoE
Atole) o S B ¢ IStk @Y oiidxke] &8
T IRAAER 2 84 TRAP, FiksAd e s
Yel= 8% CD, 487 catalase AT %y
DNA #5ebe obfad #9211 A& HolA] ottt
T8y Aol AAxE BE gele] 8% 3 RAIAHSQ]
T AAEE B A 8% sRAAEHR 1 8

Z a-carotene (r = —0.203, p = 0.04) ¥ B-carotene

BIALS} IR QOM}

[

1

Lo
I X

Table 4. Plasma concentration of antioxidant vitamins, TRAP, erythrocyte catalase activity, and lymphocyte DNA damage of the

subject by sex (Mean + SE; n = 103)

Male (n = 62) Female (n = 41)
Plasma a-Tocopherol (zg/dL) 1344.8 + 49.8 1639.4 + 62.4**
a -Tocopherol/Total cholesterol 88+ 0.4 10.4 + 0.4"
a -Tocopherol/Triglyceride 147 + 0.9 204+ 1.0%
Plasma 7 -tocopherol (xg/dL) 1714+ 9.3 187.7 + 8.3
y -tocopherol/Total cholesterol 1.1+ 0.1 1.2+ 0.1
7 -tocopherol/Triglyceride 1.9 £ 0.1 24+ 0.0°
Plasma lycopene (xg/dl) 127+ 08 10.3 = 0.8
Plasma « -carotene (xg/dL) 60+ 0.3 70+ 0.4
Plasma 8 -carotene (pg/dL) 179+ 1.2 310+ 2.5
Plasma TRAP (mmol/L) 1.4+ 00 1.3+ 0.0
Erythrocyte catalase (k/g Hb) 388+ 0.6 427 + 0.6
Lymphocyte DNA damage (TM, zm) 396+ 3.3 270+ 1.7%
Lymphocyte DNA damage (TL, #m) 107.2 = 4.9 100.0 + 3.3

#: p<0.05, *x: p<0.01
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Table 5. Correlation coefficients between plasma homocysteine concentration and antioxidant parameters of the subjects

Male (n = 62) Female (n = 41) Total (n = 103)

r p r P r p
Plasma a -Tocopherol 0.014 NS -0.072 NS -0.115 NS
Plasma 7 -tocopherol —-0.110 NS 0.053 NS —-0.127 NS
Plasma «-Carotene —0.205 NS —0.005 NS —0.203" 0.04
Plasma B -Carotene —-0.293" 0.022 0.059 NS —-0.294™ 0.003
Plasma lycopene —0.051 NS 0.001 NS —0.02 NS
Plasma TRAP 0.046 NS 0.115 NS 0.094 NS
Plasma conjugated diene —0.140 NS 0.204 NS —0.151 NS
Erythrocyte catalase —0.042 NS —0.164 NS —0.181 NS
Lymphocyte DNA damage 0.157 NS 0.207 NS 0.234" 0.022

#: p<0.05, *x: p<0.01

Table 6. Plasma concentations of antfioxidants, congugated diene, erythrocyte catalase and lymphocyte DNA damage in regard

to hyperhomocysteinemia by sex (mean =+ SE; n = 103)

Male Female Total
p-Hcy <15  p-Hcy = 15 p-Hecy <15 p-Hcy = 15 p-Hcy <15  p-Hcy = 15
«mol/L rmol/L rmol/L r«mol/L zmol/L «mol/L
(n = 29) (n = 33) (n = 33) (n=28) (n = 62) (n = 42)
Plasma «-Tocopherol (x«g/dL) 1384 + 81 1310 £ 61 1625 = 70 1695 = 142 1510 = 55 1385 * 61
Plasma 7 -tocopherol (xg/dL) 176.2 = 11.3 166.9 £ 14.6 188.9 &£ 9.3 1826+ 19.2 1829+ 7.2 170.1 =122
Plasma «-Carotene (xg/dL) 67+ 04 54+ 04" 68+ 05 74+ 06 68+ 03 58+ 04"
Plasma 8-Carotene (xg/dL) 211+ 1.9 150+ 14" 297+ 23 357+ 86 257+ 1.6 191+ 24
Plasma TRAP (mmol/L) 1.3+ 00 13=* 0.1 1.3+ 0.0 1.3+ 0.0 1.3+ 02 1.3+ 0.0
Plasma conjugated diene (xmol/L) 81+ 05 75+ 03 84+ 0.3 93+ 1.0 82+ 03 78+ 03
Erythrocyte catalase (K/g Hb) 389+ 09 387+ 07 428+ 07 419+ 15 410+ 06 394+ 07
Lymphocyte DNA damage (Tail moment) 384+ 51 382=% 45 254+ 1.7 298+ 42 31.7 & 2.7 364=* 37
*: p<0.05
(r = -0.294, p = 0.003) FF Aolell FJ2%1 98] 4 2 AN E T STRAIZER] 47 15 gmol/L o]

HAHAE Uepst o, 97 SRAIAEHRD T dut
DNA 45291 tail moment Alololl= 2491 Ao] 4
FEAZE YeRgth (r=—0.234, p=0.022) (Table 5).
Table 6= 3 SHAIAH]Q] & A2 H| I
dF 520 > 15 pmol/Le A 475221 <15 gmol/L <
2?1 o7 L}_’_o] /ﬂtﬂi g;g— b’LA]_g]_ H] 04‘, TRAP
D, 487 catalase @ U3 DNA £&4¢ 52 2 7
7%7} A ] ik HApel A FAF T HAAEIR] FF 15
umol/L oPdel ARFES] 8% g-carotene (5.4 + 0.4 pg/
dL) 9 B-carotene (15.0 £ 1.4 pg/dl) F0] &% %
BAIAHQ 52 15 umol/L 7|91 AFHE2] a-carotene
(6.7 + 0.4 pg/dL) 2 B-carotene (21.1 = 1.9 pg/dL)
ol vlal foA o Wkt (p < 0.05). WA Akt
AEHGA A G SHAIAEHR] ol i AfolE
HolA| ottty Zeiv oAfellM= SRAIAHRD 5
et ZF RigE 7ol obred f-9]4)1 Alo]7} vehA] oF
STt JAks) ARSI fete] AA RS A sk

A~Z O
FES AL

U
RS

TEO
A=

AHee] g% g-carotene (5.8 + 0.4 pg/dl) ¥ B-car-
otene (19.1 + 2.4 pg/dL) F<Fo] & SHAIAHQ +
£ 15 pmol/L |9l AFHE29] a-carotene (6.8 + 0.3
pg/dl) 9 B-carotene (25.7 = 1.6 pg/dl) 53¢ H)
3 feld o s it} (p<0.05).
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B ATollA oztel] nlal] ERfellA FH SEAIAHQ]
o] oA e® 9kt (Table 3) ol 8% THA|
2HIQD 78 that i QI Aol ofAkEe @zt
A Y Eskths B 2o gdxiellx] d S RAIAEHRIO
T2 A IHHE Apolo} Az e zlolof 7]RIg =
Giltay 59 K" ¢} dx]sh},

g4 ksl AHEl, 2§94 g-tocopherol, B-carotene,
TRAP (total radical-trapping antioxidant potential) <=
T AAtst aAgA L, 19al 949 DNA &35 52
Absl/aaksl AEle] 1e S8k 83 Aok
2 AFtof|A E=F tlidAke] 3 a-tocopherol, 7 -tocoph-
erol/triglyceride ¥ B-carotene o=, Z18]1l A cat-
alase 0] ozt Hlsl| ol o= Wgks W ohufe} A
st AEHATF BE W ol 9 DNA &%=
ofztel] vl3l| wof T TRAIAH]RIO] 5 HAke] datst
AE7E AR o w vke RS B Qi) (Table 4, 5).

ATl st Solgt A i dAE w@Rtkse) otz
o] EATEH S wie HRbelA dF SEAIAER]
¥} &7 B-carotene = ARololl F-24Q1 39 A (p
<0.05)°] YebtS ¥ "% a-carotene i 9 AT
DNA £4F A5} 7 TRAIAHQ Afo]ojl= AbiAdo]
UehFA] gkront WS Fate] AA didAkE 2418k
= = 8 SREAIAHRIY F% B-carotene - ofEk
a-carotene T (9] A4ATA, p<0.05) 2 I3 31
A|2HRIT 1 DNA 345 (9 4834, p <
0.05) Alele] T o3 o® YeRdth= Holtt (Ta-
ble 5). ¥ AgelA F 7ol P SRAIAH]R] F50]
& Aolg HelormR AA tdrbE AsE AR
AAEE o] FAs At @518 o u)rt gle Ao
oh ey dRkE o A EAeA EAIAR] A
= Bvar si= A ghol 0.38Y we A% 1
oulE aAat]el ofgZo] St weba] Aol &
2 SEAXER] T AR AEH A A3l S
HiE o8 HoRE iRt % SRAIAHRD FE
we} 1S RAIAEIEE 25 (15 umol/L °1) 3 A4+
== (15 umol/L ®|Rh) O 2 o] Aks) ~E#HA X RE
9 S vl A Bodth Rk AA Al B
T 7 S RAAEIRIO] 2 PRt AA A1l v
3% @-carotene ¥ B-carotene F+50] A0 E U
UERSTH (p <0.05) (Table 6). |24 3 a7 A AH]Q]
T2 a-carotene Y B-carotene FFAl0)2] A#A]o]
oS &I 4= QIQlth Huerta 592 8% tHey 5
¥} g4ksl HIE F5 Alole] o] glaS EEEte]

=

S+ o oF 8L 3] %] (Korean J Nutr) 2010; 43 (5): 443~452 / 449

2 AgeMslE e 39S dgith
G TEAAEHRIO] WAL AFE ST A
gaht 1 71l thsiAd= o2 7] 2 uke A #] ¢k
Jom T 84 S RAIAHRIY ksl A ekl
o] A7) AL kP FH: FRAIAERl0] Alsl 3
Fxleh= 71 o® F 7HA] 7Pdo] ARMESITE A ¥
TVALE in vitro AT £& FEAFY ANRES V%
7 o] SRAIAHRIO] AF ROSE WAAAIAY fie
sro2M Absld #74S skt Ao, thE skl
7hde TRAIAERIO] FAtsl 28-S Weligto =z At
A 378 FHs= Flojgh
A HA 7MAAE gk SRAIAH]QI] A ROSE
SsbAY BAAIZITHE WA A - 3Abe) o] Sebd A
oltk. Zelv A dishiEs tidow §F 2 A7AY A
Ayrtsls JehdF= €% CD 759 84 sEAAH
olvke] Aol e ¢kgktt (Table 6). Huerta 57
T 8% sEAAHRIO] & gldAteAA 3 MDA
(malondialdehyde) 0] obx|] ¢ko} 2|4 #piksls}
o] glas Hasiglow, o]dd Ai= v& A3y
oME EE nf QITh” olgl o] 3 WA rdo] T
HX] 9k o] f= o] 7}l F= in vitro AT FEA
Y ANz HE 2 Ao)7] whitelth In vivo FAtsl Al
glo] obd Z--olli= At 2hez whgo] AlsEe] A $HA
S A2 wrgdEtA] kom " FEATV A AMESE WE
e AR S A IS RAAEHRIESS UehiE 7
o 27| w9 =& £ (100 mg/kg AF) S Fof 3t
drHor TFRAAERIESTS FE3isic ole
AEt AEYA S o7|EF AgehiA zslel
AEA JolA A7 nERAAHIEE S et
U= ggst Ag] Rds 1) ofHoh”® weld o)y A
FATANZL A o AEstrell 7t e e
o] ZA A7 = ook & Flo|rt.
G TRAIAHRD 70 w2 dAtel] 2E Akst A
g A3EEo] A4 GA vERt AlsE] #do] X1
ZOoRE UERd E AR = o, SRAIAHRIO]
Pbsl 28-5 Wellgews abksld s FX1shths
A 7hdo] QUM = o EFEs Zlow HRlr o]s)
22 AiR= A A3l AN Akt ~AEH A0 F%
SHEAZHRD 7 Abole] o] ltks A A7-4 T
S AXshs AyolH, Moat 5% I3 atsl
B ES} 7 TEAIZHE]R] Alolef] 9o Adado] S-S
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450 / % TRAI2HQ FE} AR} 2EA 2| mole] A
w] &% glutathione peroxidase?] AT} 1 o] A 2]
g s o] Skl A8 SODS} p-tHey At
o]¢] okst FEAo] BAHITR= W 78] Wilcken
=P0] THAAEIQZ (homocystinuria) $AFellA] SOD
A3} p—tHcy/\]-O]Oﬂ Ao AHIAE Hadk Ause
S7H " SRAIZHRI oEl] op7|R AlslA e
gt 48 g veR Fa Qlrh

Rt ] SRAIAEIRS AR} HIER B i
dlol wE|edo R Wtk 7 gJAake] FEEhd o]
o] 2 dojux] gkorm g AERHE] FTHAIAHQIO]
WEEo] 84 tHey v%7F Stk 22u Akl AE
A A7}t Fopst Asto] HW ole] g BAFOC ® redox?l]
W73k trans-sulfuration A27} SjEo] TRA|AEQ]
S ARgste] WA @AEEkAI9) glutathioneS AYAFSH =
Qom0 ol9} T2 AR GAte] KETo|w Bkl
G TRAAEHRIG S7HE vl Wulshs 459 A&
Zrg o7 ALY Rogers £78 TEAHS ) Ak}
XNEHATL FIFSE AEelA] At B S S RAIAH|
Aae] HAE dokt A, 4 oM I TRA
2HIQlo] FAbage] A3t S| nl o Akt ~EdY|
27} STV el ME @ s RAIAEIRIO] A AH
< A58 A XTS AT webA dow d%
FREAAHRIS 7AE AgkshA aiAlstr] flsl] Ml Abst
XNEYA AEE Frkehs Aol e Tk Teu A
3} ~EY A9 S EAAHQIES (homocysteinemia) < A
2 Fo] AepEn MR 595411 A fdacle
Z 283l (AHE Qlom g & Alg|olA] TRA|AE)
o fFid Aksl AEHA 7P a7 v AAIEH A
TEoloF & He7t s Aotk

SR

2 Qe AohE ajsken] gdold 2 7 AlRe)
Ak A, & ATE A 7 B ggtom velt
] 9 OO ARSI HE 5 4 s, 59
kst A= T R uJ-o] RS

TollA FARR] i
9] e WAk Wej el o Agadity B4, 2
Aol 7 SRAIAHRI AN AE#HA A5 Apo] €]
TS 1] 8 A9 DNA 28 23s tekst
Akt ~EA RS, & YT catalase,
erol, y-tocopherol, e-carotene, B-carotene, TRAP X
CD % & Harout @4 SRAAERIN GAeh ¥
of = g3 drks S stk Holnh wdkeh=
Gate] Pl 5-MTHF = #itstobdated ezt (pero-
xynitrite radical) & AASEAY F@H | FHSALo|=

a-tocoph-

/\g}i\_g @'5\—7‘171:} og/qw x]x%x%o] b‘]— E 7§§} B_J,]M =k
ol Zlo] By ar Qlok wheba 4bst AEHA9S] H
49 71AE Aebr] Qe 9 AakE SAsIthE o
< E9kE Zlot). ofA % A2 in vive AFSF AE#H XA A
S 54k sk Wilo] gRlEo] QA ok g
o]z1 s, @Al 2 AFtellA Al%% Ak} AEHA A RS
= QUAS) At AEHA AE|, 22 A s AEE o
Eap7)el| FEstrkal ofAXITh ~ol FH - AAeM 2] w7t

Sk Absl AEA AR BR FEET Qlo] Q1A kst
Gt d BUEY AT Fo8H AME I Sl Y
DNA £ EE comet assayH Oz #4510 Tz 1

A8 B o] Adoletar ket thik DNA SAMYE
o] 7, A Ao ® & s EF SRAIRHRD 53
ARl Qo] AAPAE HAoH, HE FREete] Bk
& W= DNA 457 94 SR 2EQl ol miet &2
2pAA] 942 Z (Table 8, 9) 0= vpehsted] o] el of
AN Lo TS B Sl dhAsh % Yust 2
oz Al molok 3 Wert e olck vhA ke

2R ?i?% Fe SES o s sto] w9 g4
OF TRAAHS FE Akt AEHA ARES ASH
ROoEE o] A I T TRAIAHR S57F == A
o] of'lA ARk Absl AEA Ao P FEX
£ dSshet 2 vkE A8l F=I7F S Aol
AEHoR & A= WA (cross-sectional) 24
TOIEE F TRAAHRD 75 AksE AEHA X]ﬁ?}
o] RF}FAE Lal7l= ojed -y, EF TRAIAHSQ
T AL A 3Eete] A do] HtA o Rt AR
Kol Absl/aRaks} Zdefo] diet SRAIAEHIRIS avE 2
gl FaL Qltkal & = ik = QAo ERAIAH]Q
2bsl 285 Weligto 2 4kskA 8-S SX1shs BloR
AAXIY. H, ¢ T TEAAHR! 27t & AT
2hgl Gz} T-cello] S7}
ol= T AEEY A AT o
FAA BHS 2N 07N FHAHE A 28 2T
= doAAN ezt BRIvks A9 E0] FkE B
AE L QLo Y FRAINHR] FEt A AE
& 2 3Este] NS S Sleie & ol Aldakar
thekst 717344 koA o] $5A57F etk
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2 AE9E o] 9lgo] AAE AL ok E A= A
Z3ek Jq tigAy 1039 (A 627, o7 4198) S ol
oz g% S 5793 F olo] YIS 1]

s 3, G At
A% 010]-E7] HoH comugated diene (CD) 55 =
A 452 HPLCel &, Yt
- DNA %‘E‘: comet assayoﬂ & =57 B3
o] ¥ TRAXHR FEE 22.17 + 2.14 gmole/LE
M oIz} (12.28 + 0.45 pmole/L) ol vlal f-2)Ao 7 =
ATt (0 <0.01). FF SHAIXHRI 5 At A%
S AHAE & A dRelA 7 S EAIAH]QIF
B-carotene TF Atolell 9] A (p < 0.05)7F L}
Bk W 298] P didRE BERelA 8 S EAIAH)
Qe A G s} BlERI G5 Atolef] opd
e = T isith 1311} A el s
2 Ay, dF SRAAEHQ 239 % a-carotene (p
<0.05) 2 B-carotene (p < 0.01) < Alolel] &3] A
AT vebtor, "3 SRAAEHR S et
DNA 4% Aolelli= 22191 o] At vebsttk
(p <0.05). & TEAIAHQ F57F 15 gmol/L %
Ql YAloll &% a-carotene ¥ B-carotene F=°| &
BEAAEIQD o] W Jzte] vlgl] oA oz gt
olZHH ¥4 EE’\V\EﬂO Tt Abs AEHA A RS

FI

2l FRAOZ FOIA el Yes HAT + 3
o) ol ERAslclo] W Ul Fsf a5

Walg oA Aske B3 ST R0
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