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ABSTRACT

Cataracts are the leading cause of blindness worldwide and are characterized by increased opacity of the lens that significantly
diminishes visual acuity. It has been suggested that increased risk of lens opacities are associated with age, exposure to sunlight,
diabetes, smoking, and poor nutrition. Antioxidant nutrients have been demonstrated to protect the lens membrane and protein
against damage due to oxidative stress. The purpose of this study was to investigate the antioxidant system in the blood of cataract
patients. The status of the blood antoxidant system was evaluated based on the levels of antioxidant vitamins and minerals as well as
glutathione peroxidase (GSH-Px) and malondialdehyde (MDA) activity in 34 patients with cataracts (17 male and 17 female) and 45
control subjects (20 male and 25 female). After adjusting for age, the results showed significantly lower levels of antioxidant vitamins
such as lycopene (M p < 0.05, F: p < 0.01), zeaxanthin (F: p < 0.01), y-tocopherol (F: p < 0.01) and ascorbic acid (M: p < 0.05)
in the cataract patients than in the control subjects. In contrast, the concentration of cryptoxanthin (F: p < 0.05) showed a
significantly higher value in the cataract patients. The serum level of the antioxidant mineral Zn (M: p < 0.01) was found to be
significantly lower in the cataract patients while the ratio of Cu/Zn appeared significantly higher (M: p < 0.05). Significantly higher
(M: p < 0.01, F: p <0.05) concentrations of MDA in serum was found in the cataract patients as compared to the control subjects.
GSH-Px activity was significantly lower (F: p < 0.05) in the cataract patients. In conclusion, the antioxidant system may play an
important role in cataract creation. Further studies are needed to clarify the mechanisms underlying these findings and to establish
preventive measures with an emphasis on antioxidant nutrition for cataract patients. (Korean J Nutrition 35(2) : 229~236, 2002)
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Aog deAm g} P wate)] AL WA sk 54
Aol tiFEo] dAR o]Folx Qlu, o] FHAL £
o] A Y42 FAHEG. =3 +AAE, superoxide,
singlet oxygen, hydroxyl radicals& X383} reactive
oxygen species (ROS)E FAst= Wt Aol A o
2 EHo] gt o2 Q3 &4 o] I - &
A= EESAA Hujgo] WAIE 4= gk * o] ROS
o o3 +AA Y & AXNE FAS A AXETte in-
tegrityE 24N o2 Yehts #AA 9] 45 B
B A DA e Aol F A9 o HE7)
T 3.7 ol2d Aksty S48 otalr] Yt gasl
GG Aol T3 ARHERE B AP HE FF
Q1 Hpgate] FHo A A A3 ikekE 9] 2] # <2 malon-
dialdehyde (MDA) ¥x9 33l AAo #HE a4
(glutathione peroxidase) 4, vlel?l (lutein, zeaxan-
thin, B-cryptoxanthin, B-carotene, a-carotene, lyco-
pene, a-tocopherol, ¥tocopherol) ¥%=, ¥712 (Cu, Zn,
Se, Mn) #X& S35l o]& A9 EY Fxo} vl
gogx gast AL A AsHA S vAE 9
ol tjaiA] ol uA} A=Y}

LB
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1. SO

7 Aol #Feig A7 2000d 1958 597A]
T s SHY el ydd B B2 349 (FR}
177, A= 179) 3} 22 7|7t Sujshwel SHee) w3
4 7137 AR d¥RE A4S 3 AU 457 (4
207, oz} 259)0IUtt. AEZAZ F3) 7F g
EEARE AN A AF 12 ojujd HElnE B4
g Aol A= A= Akl A9sltdt.

A7 WAANA HAEAE T A3 A™A Qs A
¥ ody A AF 5 2R B3 3 2 @4
o] Ay, YA 58 9% 55 € Fdo B3 gut
g AR S8 AR H5S ol 48l HAH
Z4* (body mass index: BMD) & A&t

2.3 NEE
1) 8% BN HED 5

(D R84 vjell %
3 A8 250 pd] 3 ml9 chloroform : methanol &

rf re

(211, v/v)& 7} ¥ internal standard?! echi-
nenone¥ tocopherol acetated z+zt 375 pl® H7Vek4
o Vortex® 187 & 48 & 494 0.5 mlE 78tn
4T, 2500 rpmolA 1083 YAE2I8ke] 3159 (chlo-
roform%3)& Bt} o] 8% 9L vacuum evaporator
o]&a dartxaz AZANAT F& A5 HEd hex-
ane 1.5 ml& 715t HA] 187 vortexd & 4T, 2500
rpmolA 1087 YAEIE Ao AR J2ge
ot AxAZ AEo) Hriet F Bavtag AF2AA 9
& e F&E&] ethanol 190 pl& 718t vortex mi-
xer® Z §3A17l $ 2 F 50 WE HPLC systemd] 3
Y3t Photodiode array (PDA) detectord) sH32
carotenoids #4312 $814= 450 nmolA, tocopherol &
A& Y3lA+= fluorescence detectorE €23l EA9)
MBI o] RE AY B zejMo] adkd Ae)
ol A AAISHH

Carotenoids®} tocopherol®] peak 74H-& 93 o]
g 479 37898 HPLC Wiog BX8d reten-
tion timeS T-3t1, Al59] peak$} B3It} Lutein,
zeaxanthin, B-cryptoxanthin, o-carotene, B-carotene,
lycopene, a-tocopherol ¥ Y-tocopherol?] &< 93]
A3 Aol ztzte] HlEl 9] standardE ethanolel] &3]
AMA BEEHE HEAT 24 RF LIS B2 23ty
HPLC system 22 £43ld EF F4 (standard curve)
& Tttt 7} vitamin %42 HPLC chromatogram®)
peak area®t -85+ standard®] response factorell ¢
3] Aststa, 3o 2RE vitamin® extraction 2 sa-
mple?] HFHANA £4=E Y2 internal standard
2! echinenone® tocopherol acetate®] 3]&2 B A5}

At

(2 A veml CE5=

3 vEl CY AR Macraed] WS £4, Heks}
oA} ARg-stTt @4 100 Mol internal standard (isoas-
corbic acid)®} 1% (w/v) metaphosphoric acid (MPA)
& F38 10% (v/v) cold perchloric acid 100 pg A7}
FATE 1 H 28 U SAS AAS Y8 9AEE
£ AAsnt. EelE 4359 #Hstd 200 pl buffer
(0.015% MPAE X3 20 mM ammonium dihydro-
genorthophosphate) & A7}t 187+ 12,000 rpmolA
AL F 4359 10 plE HPLC systemdl] F¢5}od
At vEl Col H5+= 254 nmollA PDA detec
tor2 EA8ta ¥4 IS 7137) Al fluorescence



At vkl Co peak 7HE Ha %
848 HPLCE X3¢ retention time® T3tz
standard ascorbic acid& TUE ¥ MAg o 5
T8 F/7I9 £38iAA HPLC systemo 2 Z3 st
AL FEAMOZHYH FEE ARSI Fo 2R E
HlEF C¢] extraction R sample HF AN &45 =
%2 internal standard$] isoascorbic acid¥] 382

HAsH

2) 8% T 5k

o] 7714 55X+ Perkin-ElmerAle] AAS 4110ZL
& AHgste] 435900 pyrolytic coated THGA tube
(L'vov Platform®)¢} Ar gas (99.99%)8 AM&-st9d). &+
A Al79] %2 20 polv, peak area® TFEE T
t}, Bl R AWM Zeeman background” #21S& AMEEA
o glit width® 2.0 nm2 A8t Electrodeless
discharge lampE AH&8}H o™, A& 242 196.0 nm%
oh ¥ Adxjg #PORF Se, Mn, CudS- 39 A4
& ¢lol7] 98], g3 0.1 mlol) AHEAA 0.2% Triton
X-100 0.9 ml& #7138t 108] &g vHEAT, ZnEY
< 4 0.01 mlo] AHBAAL] 0.2% Triton X-100 0.95

mlE F718te] 1008] &4 AE HEglv). B899 Per-
kin-ElmerA} (1000 mg/L)olA #4382, matrix mod-
ifier® 5 pg Pd/5 f& AFESITE AA Y] BE 7|AAE

2 10% HNO; 8- 2447}, 3x} S5 (Milipore, Milli-
Q puls)ell 2417t AA| ¥ 33} SF-2 3 o] &4
defoll A ebas] ARAIZ

detector:

3) ¥% glutathione peroxidase (GSH-Px) 24

GSH-Px @4 Paglia™¢9} Deagen™9] W3S 43814,
hydrogen peroxideg 7122 ¢]-&3} coupled enzyme pro-
cedure® ZAsIYcE EA 20 fol] SH5E 718l 100
Z A2 %, 0.8 ml reaction mixture (4.5 mM EDTA,
4.7 mM soduim azideZ Z¥3t 0.125 M phosphate
buffer pH 7.07 2.8 nmol NADPH, 49.9 nmole redu-
ced glutathione, 0.67 units glutathione reductaset
S8 718 o8 0.25 mM H:0; 0.1 mi& 718ke] wt
42 927l %Al Beckman spectrophotometer® o]&
slo] 3H4 340 nmoll A 48+ glutathione (GSSG) 9] &
Aol & NADPHS F3% 4 £25 32 59 A48
Al GSH-Px2] EAsle] H,0.9 Hrtoll o8l &4y
glutathione (GSH)°] 4= 1, reaction mixturew gl-
utathione reductase®} NADPH7} /{5 o] GSSG7} thA]

G 1)

Lﬂ};
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GSH= &5 e £58 F3x59 W g FaM a3ge
24 GSH-Px9 &4ol A&HAtt. Enzyme 1 unite
¥4 1 mlg & & 459 NADPHS| nmoles& e}
WAL, specific activity:= 1 mg albumin®l] =3k
enzyme unito-z s}

4) @% malondialdehyde (MDA) &k

Buckingham] #'8-&% o] 43le] sample?] 4u1¢] 0.1
M Na,PO. buffer (pH 7.4)E 7}sle] 387+ 7#A3IAZ
% o] wAd (20% homogenate) 50 ploll 1/12 N H,SO,
4 m]# 10% phosphotungstic acid 0.5 ml& 7}t £
g . ALox 587 AEHT o] TS YR
(4000 rpm, 1087H e & A E 1/12 N H,SO, 2 ml=
10% phosphotungstic acid 0.3 ml& 7}3 3 7314 4

o] FUc}, o] EFAE AsHA YAEE (4000 rpm, 108
Zh&ta, HAAEY FHF 5 ml®t 1% thiobarbituric

acid (TBA 1.5 g& 10 ml9 NaOHd] €317l & 50
mle] Z558 718kl perchloric acid2 pH 7.42 25
3 FHTE 100 mi7HA] A& o 7% perchloric acid 50
mlE 715k §94) 2 ml& 71 3 90~95Toll A 2087 in-
cubationAl At} ©]& WZAIZl F n-butanol 5 ml& 7}
g 5 vor*oex°}°4 QAR (4000 rpm, 1087D38ka A9
butanol3-S luminescence spectrophotometer (Amico
Bowman serles):—._-— o]83514] excitation 500 nm, emis-
sion 553 nmellA fluorescence intensityE 4% & %

F 813} ulmste] w4 FFee

3. WA

B 7o ¥E RFE Strategic Application System
(SAS) packageE AREst] FARA S AAlste Hogd
+ ¥EeAE JehUth dBHE FAska 7 w7k Zol
o th3t AL $18k Ancovaoll 98] p <0.05, p <0.01
2 p <0.001 F=FAA FA AFE AS3IAT

ol

a
2t

——

1. RNTHY AR ABIAOl ALY

A7 At BEdHe g Sl dxe 4
7} 52.5 + 1.28411, 58.7 + 3.194) o§=}= 242} 48.0 + 0.894]
53.3 £ 3.024%ch. AFFAF (BMD = BT SA+
ol A FAH= 24.7 + 0.59, 22.6 £ 0.75 AxR= 2}z 23.2
+3.15, 22.9 £ 0.662 UENT o] dutHel AA7|E
W 2lQl 20.0~25.0 kg/ml] %39t} (Table 1).
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Table 20 23} A dwa Sl vlaoA dy 2
Foll A 83 lycopene (M: 4.60 + 0.76 pg/dl vs 2.00 +
0.33 pg/dl, p <0.05, F: 8.24 + 1.14 pg/dl vs 3.81 &
0.79 pg/dl, p <0.01) F=7} BApTAA FolAo= o
go] Bol3jr}, 12la Az} 79, zeaxanthin (184 +
1.57 pe/dl vs 11.8 & 1.36 pg/dl, p <0.01)=} ¥tocopherol
(1.33 + 0.10 pg/ml vs 0.88 - 0.12 pg/ml, p <0.01) B%
7t froF o2 dapgellA Bk or) cryptoxanthin (51.4 &
3.43 ng/dl vs 75.9 + 11.0 pg/dl, p <0.05) F== &=}
ToA FFH o A e e ¢S BTk

Jacques. Chylack®e] Q7oA 83 AA| carotenoids
FEI} e S A B go] oldg ¥ugh vl itk
Blood streamofiA] &4+=E xanthophylls®¢l luteins}
zeaxanthin® $AANA UEA o2 WARE JEFPo|n
2 oz}3kate] A4 zeaxanthin $5=7}t fojAo=s & A
o AH719) Akeke el dis FAAe] o] HEe] B
3 Aoz Aztdt Knekt 572 8% B-carotene $&
7b B FolA BuFFE o] 40% AE BAES B
sttt Bcarotened ¥& AAESH (15 mmHg)AA 7
g gaksl 715 HAE Aol dejizien, FRAL] T
A ArEYo]l ¢ 20 mmHg =2 ¥or2 f-caro-

Table 1. Anthropometric variables of the subjects”

tene?] d&o] 71h=} Yeum 5% Bates 570 +73
Aol A} B-caroteneo] LAHR| F&E BudATt. WA
YAz} 4+ 79 B3t B-carotened] A7 TS L
g Ao g Alg®tt. 83 cryptoxanthin =7t Aol
A=A UdeEhd A, =<l gk Alalg o] &4 =Y
2 BANME FdH oz & cryptoxanthinAE e}
W A3 Lyle 379 d79A 24l 43 oL
U cryptoxanthin®] 4# 57t o FWuge] ol&-g
o] Z7let BAste o AAGE A7t o] Foj Aok 3T
a-tocopherol& §3] FolA F4A 9] Ax=E st
Al7)13 ascorbate Aol S 7 glutathioned]
&3S Z7AA WA 7449 glutathione F% A
o Fdetn RuHULG." Knekt 72 ¥4 Hlgdl
E¢ 327} B& o] ¥ 3 HmAlY g <l
Fggol Auto 2 AFE BHU L, Vitale T
AFAAE Suuge] dygo] BlER B9 EF5A A
stohe] BAAo] gt A eH, Lyle 5 ¥F to-
copherol (o-tocopherol + ¥-tocopherol)¥to] &3y
23 A7} gdokn B stk ytocopherol2 2 olu<]
HlElTl Eo} 4 Hejo)n,® 2lo| B EoA peroxynitritel
©]% lipid peroxidation®2 FE{9] H3A a-toco-
pherol®ith Eo}d o2 Aggto] B u Ut =G Huj
A x4 F£AA W] a-tocopherol : ¥-tocophero! H|
£& 3.54x0|1 AN a-tocopherol : ¥tocopherol

kis

Men Women
Control (n = 20) Cataract {n = 17) Control (n = 25) Cataract (n = 17)
Age (yn) 525 + 1.28 58.7 + 3.19 48.0 + 0.89 533 + 3.02
Height (cm) 170.1 £ 1.21 167.6 + 1.62 157.8 + 0.89 160 = 1.10
Weight (kg) 71.7 £ 2.20 63.8 + 2.37 58.0 + 1.83 58.6 &£ 1.60
BMI (kg/m’)” 24.7 + 0.59 22.6 = 0.75 23.2 + 3.15 22.9 + 0.66
1) Value are mean + SEM. 2) Values are body weight/height’ (kg/m?).
Table 2. Serum antioxidant vitamin concentrations
Men Women
Control (n = 20) Cataract (n = 17) Control (n = 25) Cataract (n = 17)
Lycopene (pg/dl) 460 + 0.76 2.00 + 0.33* 8.24 + 1.14 381 £ 0.79*
Lutein (pg/dl) 33.2 + 367 295 + 3.68 43.0 =+ 4.20 332 + 3.83
Zeaxanthin (pg/dl) 137 + 141 140 + 1.83 184 + 157 11.8 = 136"
B-Carotene (pg/dl) 332 £ 3.15 244 + 492 556 =+ 5.10 456 = 6.00
o-Carotene (pg/dl) 1.35 £ 0.13 121 + 0.21 1.84 + 0.16 258 + 044
B-Cryptoxanthin (ug/dl) 337 + 354 50.2 +104 514 + 343 759 +11.0*
o-Tocophero! (ug/ml) 9.75 + 0.87 8.17 + 0.73 9.89 + 0.46 9.88 £ 1.10
y-Tocophero! (ug/ml) 0.90 + 0.12 117 £ 017 133 £ 0.10 0.88 + 0.12**
Ascorbic acid (ug/ml)* 15,5 + 0.76 125 + 0.80* 128 + 038 131 + 046

Value are mean + SEM.
*: different from control at p < 0.05.

++: different from control at p < 0.01.

a: ascorbic acid was measured in plasma.



Hl &2 11302 ®2x™d vl o= A WY y-toco-
pherol®] H&o] F83& A Fof. B ATojM= &
% o-tocopherol FEoN M= FAlA {9 ARl zlo]& B
o]#] ggtort, ozte] A4 ytocopherol®] 8HFE: BA
7ol g SRpFolA FolFHoz e £RE YERNU L
83 o-tocopherol : ytocopherol Bl&-2 11.22 Bates 5°
o] g7hy ul& FARFA T

2) @Y HEDN C 5k

g4 vehd C ¥ X% (Table 2)& @A 4 A4T
(15.5 + 0.76 pg/dl)ell Hl8} &=k (12.5 £ 0.80 pg/dD)
A ez v Jebdth e dAate 5HE 1
RAPo g g vel] Ce d& oy 2R} W
o} FAA e Frg AT LA U 53
Hong 59| d7dl oJatd Hujggato 2] $5 3¢ v
Rl CEEE ¥4 6281¢0 2455 pg/mlE B IlEo]
photooxidationol] 23 Hgg e ZoE AlmdETh
=3 HEl Ci sleh Wy Radd] L7 gojain 4
o] el daFe wol wh= Ao A ok ™™ Tay-
lor 79 AolA 27 RDA (120 mg/dD e} 24} o]4
AFsh= Aol 4A vle C7t 571 Fs 2
Aok, a3 Atglel o7t FAA Y] &4 HAHAAN FE
Aol FA7L slom, Alhe gz & ATl 10d
ol 49 BIEN] CHFo] Wy dH¥&S AT B
25t =8 Jacques, Chylack™?} @7olA £& &
A el Ceirt v Fxof ulste 27] Wige] Wy
&4 1/3 A% B¥3= A0 2 ¥ aEY 3 Simon, Hudes”
E OFIARN S Bt ¥4 vl C7F 1 mg/dl 4%
a3 W uhg o) 26% AT Y & AT 2
T M= Fate] BLolN = 3 H|E] C FErt BT
o] u3) RpTA FYHoes F& FAE BT Azt
o] ZA9E= gl AL Alolo] f-9F zlol7t WAEXA
gtont, ExAdA HlE Co T Algoll FE
A 2o et BHYE AoE HFHY, $AA S vlER]
CE 2o] B3| wet F715 22 digyl Crt F1e

Table 3. Serum mineral concentrations
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3. 8% FAY F

Table 39| <31 @Ate] A9 AAhatel uls] SAlwtolA
84 Zn¥%E (105.8 + 7.33 pg/dl vs 80.0 £ 5.78 pg/dl.
p <0.00)7} fre)H o2 vokow Cu/Zn ratio (0.98 +
0.02 vs 1.58 + 0.29, p <0.05)& SATAA AYTFHTT
FelHog 2 £ES BT ozte] FS FFHA
2polE Bolx|i= ghgtor} #xlolA EH Zneerst ¢ ¥
A vERgTh 33 3 5489 FHLAEA FUEL
APl gae] 4o gAaH T, o]Hd FA4e HAE
B4 it AETY] A AR HEtE st
AE2] OFRAL &AL free radicald) ¥HEE Aot
o] BA7 waEg & Jok“® 53] Ink A2 A% &
Aol F2&tn GANA Zn Cud B& FFo] Wi
A BaEdom® salmondlA ZnAPAld] WhFe] ft
g Basyeh® 2 A7 yehd Znd %9 F9
Aol 744z U8 AR50 FARE P& YERIT

Cu®t Zne Ao metallothioneinol 2l 3o
M ME AR o)7] Wi o] WAL Tl BA
WellA &3A-E XI5 oy A8 53] otddsha 94
g fAL vk $EA 8F Fref vlgo] oA A
o 2 xgd the Prlo] =go] "rkm Ak Ut
Cu/Zn9] H-&2 d#o] oldFE Frietm AWl =
B4 Fovete A4S Mt a8z E d7e 8
9 Fe 9% Wugoleis Agk BAA 4% &
o H¢l AFX 2 AT F YAt 28t o] AFH EFH
Ao Agut oo Yepgon 2 o B e A
A7t 87Et

4. 9% GSH-Px9 Y

Table 4914 84 GSH-Px 4L ozto] Z9-oA &=t
7 (50.1 + 3.90 nmole of NADPH/min/mg protein)°] &
A7 (60.1 % 2.16 nmole of NADPH/min/mg protein)4
ug] frold oz e 42 Hyn JRr Ffdde

Man Women
Control (n = 20) Cataract (n = 17) Control (n = 25) Cataract (n = 17)
Se (pg/dl) 129 4+ 0.85 115 + 0.72 10.8 =+ 0.81 112 + 1.02
Mn (ug/dl) 0.53 + 0.12 0.32 + 0.12 0.25 + 0.09 0.44 + 0.13
Cu (pg/dD) 1089 + 5.48 1009 + 5.87 1069 + 5.25 105.6 =+ 3.68
Zn (pg/dD) 1058 =+ 7.33 80.0 + 5.78** 103.7 + 4.24 95.1 +* 6.18
Cu/Zn (ratio) 0.98 + 0.02 1.58 + 0.29* 1.05 + 0.08 1.19 £ 0.09

Value are mean + SEM.
*: different from control at p < 0.05.

**: different from control at p < 0.01.
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Table 4. Serum GSH-Px activities and MDA concentrations

Man Women

Control (n = 20)

Cataract (n = 17) Control (n = 25) Cataract (n = 17)

GSH-Px (nmole of NADPH/min/mg protein)
MDA (nmole/ml)

69.8 + 832
2.69 & 0.22

52.7 576 60.1
4.98 + 0.43**

+ 2.16 50.17 + 3.90*
294 + 0.23 3.94 + 0.46*

Value are mean + SEM.
*: different from control at p < 0.05.
Q1 20| & HolX| &= ghgkor} ExtFolA vl ekt

FAA ] Z2A E¥s= GSHE $83 FAstEd=
33 3 RGN Ashke-S A7, total
protein thiols®] &4, vlEZ=gjole} Axute] A4 7
Ae}3AbE B EZEg]ole] transmembrane §-8543 H4
Zo] 93] GSHY ZH4art ol ™ B 7oA ojzte]
7% GSH-Px9 #98¢l #4E Reddan 59 972
o} FUstm oA WG oA ZHAE GSHE
GSSGE A7) 98¢ 8= GSHPx9] #6% 4
A Aoz Amdng. 749 GSH-Px 842 GSHY 43t
o 93 H,0,8 HEZE-S H3AA Ax] F3id 4 A
&5 AXS Fu AF sk A superoxide dis-
mutase (SOD), GSH-Px$} catalase &4 Alole] #¥
o 293 e4g g3t AWM Wil Ee Y
A agld] o3t MAE superoxide radical®- SODeY
oJ3te] H0,2 YAty o Masn A9 HO.9 it
558 catalase®t GSH-Px9] &g ¢fste] HOZ A%
go2M superoxide?] FAH FEZEYZHE HIEWS
F Joh® & Aol 2 GSH-Pxiz Hujgaate]
zol|A §H oz @Yo 2t} catalase BAL F4
o} 24 497 F715 B9} ol GSH-Px$} ca-
talase”} SODY thE UQloz2RE] A4E H.O.E AA
3=, GSH-Px &4l #H4E B8] $13 catalase
o] d3ele B uf Yok

B oA #2H GSH-Px9 ZAE. free radicaldl
Hodsle AgA 49 SODS, GSH-Px%} 5Y T3
A AL 8= catalased] Ao #AlC] dig F714
dAT1E 9 g}

5. 8% MDA 5k

MDA thiobarbituric acid (TBA)$} ¥Hg-ahe Abshit
2o PR 2N A o AER o] FHH.
Table 4] #)A1¥ MDA (malondialdehyde) FX+& &
2} (2.69 = 0.22 nmole/ml vs 4.98+0.43 nmole/ml,
p <0.01)¢ 92} (2.94 + 0.23 nmole/ml vs 3.94 & 0.46
nmole/ml, p <0.05)9] ¢ =5 Adtoll HsjA &t
FoN BF ooz v 371 BAFAL Xue™d

**: different from control at p < 0.01.

Aol =90 whigExle] 3 FAA A MDA
So#9l 2718 vehdths A3tet fAksit). £3 Orhan®
o] oA % selenite-induced rat cataractollAl MDA2]
Z7}7F AEEAT ol WUl A 4HEE 2EHA
2 9% A ZuU X FatstEe] F39 Ao Azttt

2 e Mygsiael A g% AdsE ¥, &
Wl A28A, TI|ATEE 34, v
grrstart,

1) 8% A4 vlgFoA lycopene (M: p <0.05,
F: p <0.01) 527} g 82 ZFoljA Fadatel Blsf #
ojH oz ygktt oJzte] 7ol zeaxanthin (p <0.01)
7} ytocopherol (p <0.01) F=7} EAjFolA Ao
2 o7 Vet oY cryptoxanthin (p <0.05)& 193
o2 A el dzdoldtt. % ascorbic acids =<
wabel| A ghabo] AAkdl Hla] fejdoz (p <0.05)
A YER T

2) 93 #1329 FroAE FRpelA Aol Fd
of Bl3] 8% Zn¥% (p <0017 Yoz Y& $F
S Yehfzlen weld Cu/Zn ratio (p <0.05)& &2
A FolF o B 8 HAFYL

3) ¥4 GSH-Px9 &y $xlao] AAwd vls) v

4) MDAFEE Y 8 BFdA 34
o A JERgTh

olAe] Antz W oM & IIsA A A}
g gatsl ol AE B 5 ok W] By jae 9
uigol BEE ool AAAHA FHEg AANE £ U,
FEohs Y eyl &9 A& FIANE + U
o}, aez &2 WMuggatd] glolA LA AE A
Mate] Aol YR og FH ¢ JEuEA FIEL
2 d7FolA o} 3T £ o] wE AF 9 atst
oJokA database 7&3 WA AYsHA #HE 4
A, wreeet fFalAue kst AAl dig d7 = Bast
tha Alg gt

ol ula} 5l
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