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The Antioxidant Effect of Vitamin C and Deferoxamine on
Paraquat-induced Cytotoxicity in Cultured Lymphocytes

Eun Kyung Eo, M.D., Kyung Hee Kim, M.T."

Department of Emergency Medicine, College of Medicine, Ewha Womans University, Department of Biotechnology and

Genetic Engineering, Graduate School of Life and Environmental Science, Korea University', Seoul, Korea

Purpose: As basic information of antioxidant treatments for the patient with paraquat intoxication, in human periph-
eral lymphocytes, the cytotoxicity of paraquat was measured, and to evaluate the antioxidant effect of vitamin C and
deferoxamine against this cytotoxicity, malondialdehyde (MDA), superoxide dismutase (SOD) activity and total
antioxidant status (TAS) were measured.

Methods: From 10 healthy adults, after obtaining a consent, 20 mi peripheral blood was collected. Experimental
groups were divided to (1) control group, the group treated with an identical amount of saline, (2) P group: the group
treated with paraquat only, (3) PV group: the group treated with paraquat followed by vitamin C 30 minutes later, (4)
PD group: the group treated with paraquat followed by deferoxamine 30 minutes later, (5) PVD group: the group
treated with paraquat followed by vitamin C 30 minutes later and subsequently deferoxamine one hour later, and (6)
PDV group: the group treated with paraquat followed by deferoxamine 30 minutes later and subsequently vitamin C
1 hour later, and thus to total 6 groups. In each group, 10 samples of peripheral blood was assigned and 100 ¢ M
paraquat, 100 x M vitamin C, and 100 # M deferoxamine were used as reagent. Lymphocytes were isolated, cul-
tured, and cytotoxicity was measured by the Microculture Tetrazolium method (MTT assay), MDA and SOD activity,
and TAS concentration were measured.

Results: In regard to the cytotoxicity measured in each group, their cytotoxicity was decreased in the group treated
with antioxidants, in comparison with the group treated with paraquat only. In the cases that the order of the treat-
ment of these two antioxidants was altered, viability in the PDV group (1.077+0.121) was increased more that the
PVD group (0.888+0.152) statistically significantly (p=0.018). Concerning the amount of MDA, in comparison with
the P group (6.78+0.93 ¢ mol/L), after the treatment of each antioxidant, the concentration of MDA was decreased
statistically significantly (p<0.05). In the group treated with two antioxidants together, in comparison with the group
treated only with one antioxidant, the amount of MDA was increased statistically significantly (PV: 3.96+0.98 x
mol/L, PD: 4.92+1.50 # mol/L, PVD: 3.22+0.83 ¢ mol/L, and PDV: 3.42+0.95 # mol/L, p=0.007). The concentra-
tion of SOD measured in the blood in each group after the administration of paraquat, in comparison with the control
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group, a pattern of the elevation of SOD activity and subsequent decrease was detected, however, it was not statis-

tically significant. In the comparison of the groups treated with antioxidants, in comparison with the P group (1419.9
+265.9 ¢ mol/L), SOD activity was decreased statistically significantly in only the PDV group (1176.4+238.9 «
mol/L) (p=0.017). In regard to TAS measured in each group, in comparison with the P group (0.87+0.05 ¢ mol/L),
in all groups treated with the antioxidants, the PV group was 1.00+0.03 ¢ mol/L (p=0.005), the PD group was 9.01
+0.24 ¢ mol/L (p=0.005), the PVD group was 4.64+3.98 « mol/L (p=0.005), and the PDV group was 9.41+0.27 x
mol/L. (p=0.005), and thus total antioxidant activity was increased statistically significantly. In a multiple comparison
test, the PDV group showed the highest total antioxidant activity (p<0.0001).

Conclusion: The result of the assessment of the antioxidant effect of vitamin C and deferoxamine on paraquat-
induced cytotoxicity showed that in regard to cytotoxicity, SOD activity and TAS measurement, the best result was
observed in the PDV group. Therefore, it was found that vitamin C and deferoxamine were effective antioxidants for
the paraquat-induced cytotoxicity, and it suggests that the administration of deferoxamine followed by vitamin C

may improve their antioxidant effect more.
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Paraquat(1,1'-dimethyl-4,4'-bipyridylium dichloride;
aEE, gFa®, SARRE®, Fig. DE A€ F74
(photosynthesis)&-¢tel] superoxideZ} A= AEZH
3 AFEE sl 71de R # dEA s AERA=
A B B FA 7544 SHEEE Ay =
3¢ Fasirhs A diiol 19583 A2 2 /g o]
F A AAHez 7P E3) AS-HL Yl 2By 54
o] Z3te] AEA o e S Qg AbaLe oJFte] A

PARAQUAT
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1,1*dimethyl-4,4-bipyridylium ion
(dichloride)

Folztz Ao FFHAY o A7) ez A
ol &3& doym HFH o Hye) A A1
&S Aoz FeA et Paraquat FEof g A
§2 F7te) Wt 2074 %7hA) HEI e, S
2ke] 739 A3F 1,000% olFo] FHHIL 5007 o) d2] A}
PA7E BAPTA dEA ok opA7A] B Ab
Eol &% TAE gle Aol fuelde s <
F7F 281 Y& ETET paraquat 5= S E
< FE8] T e FACIR. = $euetdlAe

24.5% §Ho] FF3} Ho ARHIL $l=H o =]
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H2d 2 Y2 IR0 A Paraguat) MEZSA0 CHSE vitamin C2} Deferoxamine2 &HAts}

A A BERE FEQ2.5~5 %ol HF] w2 R sornw
Seuete] Abggo] o Bg Aoln, AAE R AR
o) MEH 75~91 %9] =2 APHES Holx STl

Vitamin Ci= 25 7383 FsiA 2 ¢4 govt
2 B0 AolF o] L(transition metal ions)2] &)
Bl Fenton §E3-& EXA1A F47]1& Bo] B A]7)2
2 23|83 AFskAl(pro-oxidant) 2 248 £X& gt}
= ke B aEe] BEsn gub? Deferoxamine
ARA dE PP olES Al7]E= AA(iron chelating
agent) 24 FF 0.2 H FE Ao AR-EE= oFEolr),
o] e 2 oA A& AASE FAEo) Joernz
paraquat 5 A] Fo3H AU F& AAst 23
el o) ¥ & AAAA SISt S Ha
AlZ ¢ Yokl BilE o] it}

HAe B IT-ENA paraquatyE GHESNA AE
54 F2A7IAY £& Az A (paraquat) ol 2%
DNA 33 A& &A= Wi7/fA 24 ARS-E A B34
AT, IV A2 £ paraquat A o 2% A=
54& I5ANE £ U= WHE 7R gitsiA o 3%
A7 ELeA o] FAAIL Yk, HA PFolA HA
paraquat 55 A 5818 s S X 847} gle A0l
)} o]¥ o) & Paraquat FE|A vitamin C2] 33k}
Bl g I Bol Ay gfort A AFE
7170 2 2138t deferoxamined] &t A7} 8 o] F
o & ofk gk Ao},

o)o) & AT paraquat T5F FAtAA P43 A g4
g 712 AAEZA] AV B2 A paraquat A
o) thg AE 93 A% (cytotoxicity) & S o}, L
o] AEEA )3t vitamin C¥ deferoxamine?] 3}
A5t BHE HF7EFLAF At Z(free radical) A4
& viEshe AAAtste) HF AHEQ] malondialde-
hyde(¢]3} MDA)E &3, A-Fetrizde] A Ad
B d3stA o diste A Yol AfeoEe
BE&A43} A71=d 523% 323 E 49 superoxide
dismutase(©]3} SOD)YBA w9} ¥] 44 FiEAR
Z 3}2F3HA| (total antioxidant status, ¢|8} TAS)2] %S
43t

3 = 38
1. A K3 g

2738 421 10 (A 59, A=A} 5L e = 3}
of FoME FA4E & Sodium-Heparin tubed)) B%23
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9 20 mlE AHF s 10 miE MESA S0 0§31
U A] 10 ml& 3H4k8) &3 24 o) o] &3}t

2. dg

AYTE 23 go] & 671 Tz o] 2 vl
o 10708 22 A S v ste] AP o] &3 KTt

1) C i Y&, A gvt T8

2) P = paraquat(100 M) FoJ8

3) PV & paraquat(100 M) o] 30 &
C(100 pM)E FA% T

4) PD T paraquat(100 #M) F 30 £ Fo defer-
oxamine(100 £M)E Fo3F &

5) PVD *: paraquat(100 M) o 30 & &4 vita-
min C(100 M)E F o3t 5 thA] 1A7F Fof| deferox-
amine(100 #M)E T3t &

6) PDV T paraquat(100 xM) Fof 30 & 54| defer-
oxamine(100 M)E Fo43t 5 thA] 1 A7 B9 vita-
min C(100 xM)E £ T

4] vitamin

3. =7 28

15 ml falcon tubedl] 4 mle] Ficol-paqued B3 T
o] HiAIZ A% L8N 8 mlE FHAIZ v 1300
rpmell A 3083t A2olA PAde st buffy coat F
< pasteur pipette® 2 ¥2]3F F RPMI 1640 ¥jAE 2
3} A2 (1300 rpmolA 8E7F AL )P} ME &
E 2~4x10mlZ AAA ME dgd(cell suspen-
sion)g BHEYPen RE 23 #4-L clean bench W

N 7Rz Ak
4 HESY &5

1) B 2|: Microculture Tetrazolium & (MTT assay)|
ot MESE £F
CellTiter 96® Non-Radiocactive Cell Proliferation
Assay (Promega Corp, USA)E ¢0]-&-3}o] Z} Fol| A v
H AXxe MEZEAL Microculture Tetrazolium 3
(MTT assay)dll €3] micro plate reader2 &3 EE
wavelength 570 nmoj|A] S 3}90H",

RPMI 1640 Hj=]¢] FBS (fetal Bovine serum)& 10%
€ A7hsted A Bt



LSt @ a=4eelX\ K4 & Rl 12 2006

3 MESH SHS B MENY U 5 wy

AT GG 50 A 71F02 A5t 96-welle] 2
F5Fod 18A1ZE B¢ 5% CO,, 37°C M X F7] o)A vl ¥
Sk & 15 M42] dye solution (Promega, Cat.# G4,000)
S YolF F 427t B 5% COz, 37°C A ZEH] 7)o A
kst 1 & 100 4] stop solution (Promega,
Cat.#G4,000)& ¥ 1A B¢ AT o 4 &+ 2 4
Mol wellel] #F5 o] wjkd MEL] FFXE micro
plate readerE o]-£3}4] wavelength 570 nmojlA] &3
3 ¥ BAaE ALt

F71oNA vl kR ok 2 o] FAks ATl tigk R4S
oo} Wi o g skt

2) Malondialdehyde (MDA) &7

A Qs o] AL E GolH 7] 93 MDA 32 4
E 3l 9@ BIOXYTECH® kit (MDA-386™, OXIS
International Inc, USA)E o]-8-3}¢e] A3},

3) Superoxide dismutase (SOD) 8 & &H

SODY 4% £ JF3E RANSOD® kit
(Randox Lab. Lid, UK)E o] &3} &As}r} SODE
A 43} o 2] HA oA A FAE Ad A4ks) g
tZ(toxic superoxide radical, 02 )& FAEFAE
AEAA BERAGsE F28hHs 98-S S

4) & &4Hshs (total antioxidant status; TAS) 3

F Pzt dg FA L FE 5 TAS kit® (ABTS®,
Randox Lab, Ltd, UK)E AF&3ge 8 ABTS®(2,2 -
Azino-di-[3-ethylbenzthiazoline sulphonatel) 9JA)H-&
o] &3}od o Hitachi® 917 (Hitachi Ltd, Tokyo, Japan) &
S,

6. A12 A

SASE AFS SPSS T2y 11.0& oj&ste] ¥F
P A5 N EEE W E4L FholAlE RS Al

9o, 944 W4 H|EE paired ttest BE

Wilcoxon signed rank test9} U ELHEH(one-way

10

ANOVA)Y! Tukey 23 AH& AlBstsich 2 249
+ EERAZ BASLOH pgol 005 vl
N A5E FAH f2140] Y= Aoz BB

[+
E

1. ChatZe| QEEOl S

e gutEgl 4 9 89 V2 HALRELS
Table 13} Zit},

2 NZSY 53

Zt FollA A E AEZEAHEE CFA] 0.878+£0.139
olRem, PFelA 0.771£0.143 (p£0.0001) & A EHA
=7} AP0 242 PV F 0.902+0.216 (p=0.001),
PD T 0.896+0.153 (p=0.019), PVD i 0.888+0.152
(p<0.0001), PDV T 1.077£0.121 (p=0.002) & &+5}A)]
& T3 Tl M paraquattt oIk ol H]E] FAH o
2 FosA AEXEEAx7F s TH(Fig. 2). Vitamin
C (PV )¢} deferoxamine (PD )& @50 2 T3l
T T Atololle BAIA o Z Aol 7} QYo F kA 4t
A& A Tk FolA G5 Fo T B3] BAZR L
2 FosA AExEA=T) F7M8LATHPY #-PDV o5
p=0.020, PDZ-PDV F; p=0.032). % F 7}7) 213}
Ao Fo] &ME 283 AS deferoxamined WA F
o3l viamin CE WS Eo3t9w PDVIE(1.077+
0.121)9 A vitamin C& WA ¥&J3}31 deferoxamine&
UZo R PVD 1(0.888+0.152)9) v[3)] A
Ao 2 Fo3HA MEFAYET}T F7HATHp=0.018).

1) MDA B3}

ZF FollA] 23" MDA k& C # 5.71+1.41 pmol/L
d|A paraquat o] & 678+093 umol/L (P HE F
AF o2 foldtAl S F3FHATHp=0.003, Fig. 3). Z+2}+<]
PASAE Fo & F PV F 3.96£0.98 #mol/L
(p<0.0001), PD T 4.92+1.50 pmol/L (p=0.012), PVD
T 3.22+0.83 pmol/L (p(0.0001), PDV & 3.42+0.95
mol/L (p(0.0001) & ZE T SAZFoZ §2H
MDA o] Zrastg ot ARS8 23 PVD TollA] 7t
ZF £L AHE YERATHP0.000D). F 71A) 3tk &
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24 2 LA Paraguatl MESE0 CHE vitamin C2t Deferoxaminel)

A F A A B F Fof o HE BAH R F9
A MDA o] 48121 K p=0.007), deferoxamine

Table 1. Baseline characteristics of study subject groups

ZEEERLGT

ghatst st

7} vitamin C9] Fo ¢Ale] W& MDA%] Wslol= &

Parameter Healthy subjects (mean+SD)
Number (male/female) 10 (5/5)
Age (year) 319+64
Height (cm) 166.6+6.7
Weight (kg) 64.1+10.0
Blood Chemistry
Total protein (mg/dl) 73+04
Albumin (mg/dl) 46+0.1
Glucose (mg/dl) 82.7+12.7
AST (mg/dl) 28.7+165
ALT (mg/dl) 2724248
Alkaline phosphatase (mg/dl) 248.7+70.8
Triglyceride (mg/dl) 102.8+69.0
Cholesterol (mg/dl) 16694293
Blood urea nitrogen (mg/dl) 11.8+26
Creatinine (mg/d!) 09402
Phosphate (mg/dl) 35405
Total bilirubin (mg/dl) 0.6+02
Complete blood count
White blood count ( X 103/u) 7.6£23
Hemoglobin (g/dl) 144+15
Hematocrit (%) 428+£36
Platelet ( X 103/p) 22784342
Neutrophil (%) 593452
Lymphocyte (%) 319446
Viability MDA e,
i (M moliL)
12007 1077+t

c P Py PD _ PVD PDV

Fig. 2. Difference of cytotoxicity among experimental groups
C: control, P: paraquat, PV: paraquat-vitamin C, PD:
paraquat-deferoxamine, PVD: paraquat-vitamin C-defer-
oxamine, PDV: paraquat-deferoxamine-vitamin C.
*:p <005 vs. group P
+:p <0.05 vs. group PVD
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C P PV PD PVD PDV

Fig. 3. Difference of malondialdehyde among experimental groups

C: control, P: paraquat, PV: paraquat-vitamin C, PD:
paraquat-deferoxamine, PVD: paraquat-vitamin C-defer-
oxamine, PDV: paraquat-deferoxamine-vitamin C.

*: p <0.005 vs. group P

T:p<0.05 vs. group PV and PD

11
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2) SOD &4 =

Zt oA SAE @I U SODY 42 CollA
1259.9+£171.7 pmol/L, P i 1419.9+265.9 gmol/L,
PV T 1369.9£145.7 pmol/L, PD & 1431 9+4518 g
mol/L, PVD T 1299.8%+264.8 pmol/L, PDV T 11764
+238.9 mmol/LE paraquat Fof & |27 8] SOD
%7t SR skl £ & ashe
< BPov SAAS o4 Itk Fig. 4). 3AF3kA
& T TH vEAAE P $(1419.91265.9 «
mol/Lyd] B8l deferoxamine¥ HA B8} vitamin
C 8 UFd 54899 PDV (1176.4+t2389 u
mol/L)d| ATt F-dsHA TAHLZE F2]8A SOD &4
57} 348t ek (p=0.017).

3) & st

Zt oM £3€9 F P& C T 0.82£0.05 #
mol/L, P & 0.87£0.05 #mol/LE paraquat’} FJg
FAZ 2Tl vlE F Pl 2Ho)7t AATKFig.
5). A& T3 FHe) v A P ol v)F 4zt
PV i+ 1.00£0.03 p#mol/L(p=0.005), PD T 9.01£0.24
# mol/L(p=0.005), PVD + 464+ 398 u
mol/L(p=0.005), PDV = 9.41%+0.2 #mol/L(p=0.005)
B RE TIA BAZ LR Fo5A & ditskso] St
vt A% HA 2H deferoxamined WA Bofdia
vitamin C & vhgeol £H319T PDV oA 71 =&
F F3keS YERITH(p (0.0001).

1600
1400
1200
1000
800
600
400
200

Fig. 4. Difference of superoxide dismutase activity among exper-
imental groups
C: control, P: paraquat, PV: paraquat-vitamin C, PD:
paraquat-deferoxamine, PVD: paraquat-vitamin C-defer-
oxamine, PDV: paraquat-deferoxamine-vitamin C
*:p <0.05 vs. group P

12

1 @

Paraquatel] 2|3 5/do] YEh= 7]130-& Fenton ¥Hg
o &% Atafe]r)e] EAd) o3 Ao2 Bis]e} go
™, Paraquat 5% Al A= =Abstelo -2 34ks)
B3 dstrs golg g bstkea 9 2 84940
AF(reactive oxygen species)ol] 23] Z22] R]FFH
she) viR|e SAE wi7f e 7 A E R AdskA o) A
Az ALl BE thEy A71R-A AN 2GS o7 A
7Ie T4 B2E 4yA Aok, i) BeE ol
ARFEZA e 528 Y QIE of 2 ek Aks}
AEL AEere] 74 48 AEE #itsl AAX AE
2ol &% HEY AEY 73S R0
Paraquat 5 A 279 Yehbe 3P e sz 431
7] Autel oigh 248 &35 3 &3 2 A =T &4
< & F AT wEA 27) AP HAER] 3 Hg
o &3 AT LA Frh7. # o) A o)+
= AE3] WA JAE @24 paraquart #H 23
o AeH o2 SAH = AR ¥ 22 Y9 A 1 P}
A 2 F AFE AE7F 53] 445 7] doe Ao &
A 3t} Paraquate] 9% #H &4 AT FeHo s
F7HA AR BRE 4 JEd, R A, 27] 93 A
710 ) 22 Ul A 183 A 2 8 A A&
&S o, F A A7ele HEY, HRE A 9
SAZS FEo] FEEE AX T2 AI7I7E vebdoh?,
Paraquat S5 A G4 AbEe] 490 # &30 = 2

TAS
{(HmollL)

c P Py PD PVD PDV

Fig. 5. Difference of total antioxidant activity among experimental
groups
C: control, P: paraquat, PV: paraquat-vitamin C, PD:
paraquat-deferoxamine, PVD: paraquat-vitamin C-defer-

oxamine, PDV: paraquat-deferoxamine-vitamin C
*: p <0.05 vs. group P
t:p <0.005 vs. group PV and PVD
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0124 21 Y Z0IA Paraquatl NIZSA M (&t Vitamin C2F Deferoxamine®| &Hta}

g AGEEE 3o 8 3, HEF, TFHeRE I
AR3 Ao} AbgEA |y, whebA paraquat F
o g Q7 7] AF AS AR v g 247 A
A8ZC AN FFH o E Ao o]2A) = H &
& BAANA FE H Y TN FHE FoIgTP Y,

ArsiA ol i gt AW o] EZZE SOD, catalase, glu-
tathione peroxidase 52| 34+s} £4 9 F9E glu-
tathione, vitamin E, vitamin C, etocopherol, £
carotene, 84F, &R W FHl AEZE=R T4
Wl &AEsA7E glom 914 FiksiAl 2 gEA
= & Aol AA < deferoxamine, xanthine oxidase
inhibitor$] allopurinol®} cyclooxygenase inhibitor¢]
ibuprofen o] It} 7|&9] B& QT4 AlFHN(in
vitro) @Y ol gt A W(in vivo) FFA = F ¢
A o] ESI7} paraquatd] HAE HE  J5S 2o
F AT 2 van der Wal $-& deferoxamineo]
paraquat 542 2 Q13 29 FAS1E A o}
yet A 2 & A MEA paraquatd] F58 BFS
2 deferoxamined] B.& Zlgo] o] FojFrt H s}
Fo}. Caraceni 5 F 9 LAEE ]85l SE-A)
BF &45 FId 24894 FisREd 73k
deferoxamine®] o] &) tls] AW3lgct 1E8&
deferoxamine©] A%%(10, 100 M)A = 02 AL
AAs= 712 glo] ©&A Ao glal So]22 Ay olE
A A ZA ek 2hg-3te] A BAkstel X &S R
£ 98¢ o IFE(L, 10, 10 mM)IAE 02 33

2 A At oxygen free radicals) ] O3k H) &
0] A< -&}7]|A AR (radical scavenger)e] 9&L w3
3 deferoxamine?] o|F &3E BHIsYPr). v &
paraquat S4& ¢3117]7] $18f 25 Al ol A
A o) Es}t AAE g 48 2HEL 7HE et
Abstell A1) paraquat 55 AJH) W 2 Lo ES} X7
ek A E YL ofF ol HA & Holgln}, Park &
#e paraquat 52 A F3}7] $19) deferoxamined 3}
Foll 3,000 mg# 7Y7E Fogdt FAfel A HGFQ AlH
Azt B dE Bt o] 23 P S defer-
oxamine ¥ T F A, Ao & AJ{H g BF
A ZAEE FE EYu) o] d deferoxamined
paraquat 5 Ao} 7<) A o|ES) AA 2 AM-E
F Ry A EASE 2T ¢ oz 1 HHG §-F
< sk ofgol dolddtt mebA gxbe] &S
= EolWA o]HT FHEFE Fol7] A B71¥ L I
7} He% Ao w AlgHY,

Vitamin C& 25+ 383 rsiA| = daiA goevt
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oRAx o]8 gt A& YeERNE 71--& HE3 FEA 3l
2} ¢t} 4$-0) vitamin C9] 34438} E= Fof &394
v 3k 8A0AFTS dASE AdA IAA EA «
tocopherol, glutathione, f-carotened} &2 w|YA} 3
o] sEAS AT T8E AYL A,
Helen 5°°& ] 7)o =& € WA THAE oA
MDA, #8] X ®ak(free fatty acids) ¢ 71t 37
SOD, catalase, vitamin E&} C 59 &7} 45 o] Q)
e} vitamin CE 200 mg/#|F 100 g A% &
22 90Y7t T Ao ZEAE ] A AF4EsE] g A
3to] AR L H A EA(scavenging celh)e] o] F7}
Ha B3t Jeong T WA E paraquats
EZ W FY3td 54& 7 AR F AEE 3t 2
4-2K100 mg/kg) 9] vitamin CE ©& ¥% 73 14
9] vitamin C%} deferoxamine(100 mg/kg)& B &
A FolA B & it a8 vepd v A8
(10 mg/kg®] vitamin C9} deferoxamine& W3 FoJ3h
399X deferoxamined ©5 £ 3. Wrr} 2.3
B A2 FAsta}e] o F7hste] A8 vitamin C¢J
A4 sk 24 ¢] BFHE B AFTh A 8¢ vitamin
Coll 93k XA Fits) F7F B2 H(Fe”/Fe™) 3 vita-
min C, phospholipase A, 59 213} ZHo]n] o]Eo} Arj
22l vl &o] XA kst whE-& Al S F 48 Ak
I mEE MUl AZsHA ME &3] 2HE
BEde HolF&o|E(Fe”/Fe?)o] 44 JHZ ¥
x|, o]#lg oA vitamin G 24 HolF <o)
=9 433 83 g JMESAFeEZN 413
g]Zre] AL EXA71A @ v E 22 A5
A vitamin C &) A X7} paraquat 5% 2H8-0 2 HE
Z4& B3% ¢ e &) paraquatE A 23
&3] e Fof) A8 5202 AR-HH vitamin Cof
gk 15Qke] AL vl@A ot} Kang 572 vitamin
C9} deferoxamines #x] X+ T off paraquat F=2
TAZ BE AY A7 27 RuoA paraquat® 13
z23 &4o] AP == EF o FoJ 8 vitamin C= 23]
HE AFEe s &8 7FEA1H e vitamin CE A
A 2] gk Fe ARk L 4AS e Tt B
53} o] 82 deferoxamined A 2] 8 & paraquat &
=8 $13t 3 2 v vitamin C& B8 FollA T}
A FL& g5k B4 Yo, deferoxamined] A
A =] glo] paraquat B4 2 - vitamin CE 593 &
Al 2318 A8 FAASAE Fo§3FA] &L paraquat
T B8t R E AZpg &Fo] HrdE v R 1)
At
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B A7 AEEA A5 3isiAle] b5 2 e
Eojo= oekg wx] ogto} daksiAl Fo eAjoE
qgkg vigt o deferoxamined WA F o3}l vita-
min C& W&o gk PDV F(0.923£0.339) 14 PVD
T(1.112£0.458) 5} FAH 2 {8 AXEF=
7t F7FEE & 5 ST SODY] B =E Fojd it
A1 FH7 2 ol FHIIF2 U Fo SAC A
deferoxamineg A FoJ3}tal vitamin C& U9 F
o3k PDV (1176.4£238.9 umol/L)dA 7} =& &
A= E YedT MDAS] 79+ vitamin C& WA T4
3}li deferoxamined WEd] o8k PVD +(3.22*
0.83 mol/L)dA 717 B %] Z4AE vepioy
PDV Zo)A2] &A%(3.42£0.95 xmol/L)3} v HE&
o) BAALA F-248 eRlA &sith. A= F 7HA &
kA o] o] Ao MDA & J3s 4] Attt o]
RAe 2AL & AT Jeong T AN g
¢} vitamin C¢ deferoxamineS W3 54312 v MDA
% 2 SOD 8= 2N 718 2 AFHE BYY Z
o} vj53k Ao}, F FAikshee] H9-x SOD &4
=9} wpAkA 2 PDVEA 71 & F ditsts &
o n ¥ 1A 323k 71 deferoxamine®] &3}
7} B]% & Ao 2 vehgt}

Z} AP EE 23AE TYHA HEAHSA=
Bsta 2 o] st aRE SA3 e AXE e 2
A7t A A @ FL& ol R o] AlFBU(in vitro) T
olz 2 AR o} e 2710] ofu] 7] o]t ATt
=3 U HAEE AX 2 Ak &% E W F AT &
ARz oY, o] du) AL vdd YT E Yo
AXEARL 2H3= oz Jgsigonz 8L O
Aoz A3 F MDA 4, SOD 4% ¢ F 343}
ol g 2o 7R dR-oA Aol At =2 S
Aoz ALREY) ¢ 2 F slse] Be 2Tl C
(0.8240.05 mol/L)# 4% FEAZ P (0.87%
0.05 pmol/L) Ateld ZF gitslse] zolrt §lof
paraquat 100 Mo] &3 A Y] 54 fdo] Z kel
Aea FA3 AT vAZFA R vitamin Coll H] 3}
deferoxamine?] &4ts} 5371 W F=HAA Ve
on G Fof FolA] Byt ol]g} deferoxamined ¥
A Fo3aL vitamin CE UFol| T8 PDV T
A 2 23 7 Holwta deferoxamineS @& T
vitamin C&} ¥E3te] FAF oA thE o3} v L3
E o A o 108] F =9 F Fisks TP e
T3 SODE AFE WA 2719 ¥k8-8te] paraquats}

& ApsA 9] FA o) B g Aks) g dE kst
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22 AN A BEA3E X8R G407 MDAE A
Fure] X kst AEE vehdis A& ¥ TASE
P& SAshs FsHEE AA 9 Ui FElE Hrlst
= AFojth, £ dolM z4zte] aitst AHE S
ARE Tbol € 2] Aol o T AFE0| oA
Y AZUeA 2t7] o 71HS F3taL 7] wiEolet
Az,

AF7A Biid g8 Fd 7k £ dFAE
paraquat®] E-44¢] dE Fejolr AEEY 7)11E X
oE B0 & vitamin C2} deferoxamined 37 o
T ATFEL UJA T T &M E D]t it 23
E ZAPY Aee Aok =8 o QFEolA vita-
min C9] AA A7} o] &FeA] kst EH/E Y F
T I 5% Y45ske] Hasta gloy At FH
3 HE= paraquat FE A}l F-$ vitamin Ce] A
AR AgE A4AE F floens go 2] A7
paraquat 50| 729 J3 oA AETEALE ADT
A= WS e sHe RAoE oo & Rolt}. &
A} A Bube} 7ko] deferoxamine®)] vitamin C2} 37
paraquat ME EA¢] gk Wo] EF7} Jvhd go g
o Yolr} A ZA(in vivo)d|Ae] A& F3te] 7+ F
719 AXEAR A% SATH A & A7 7HA] S|
o] AF gF R TN B, 2L tig d77F
g sjojol & Zlo|t} EF paraquat F5 Fxpe] e}
Fakst o] Bo] A8 &7 9 oF BH glo] YxE
AL o] 8T & e WS 2N & e I HY
Hojof 3tAT. £ A7 AP 2E AFTFY(in
vitro) GT-0|B& 2} A7)0l njRE AE 50 tiE H
7He Brlsdtdon o g3 vk} go] FatkskA 9
A Lo e e 58 & F YA

N

2 =
(==

Paraquat®] MEEA]) t)3 vitamin C2} deferoxam-
ine?] B4t3l AAE A% A XA AME
deferoxamine& WA ¥oJ8}al vitamin C& VFd ¥
A%k FAl A Mg £ AFHE Vel MDA S35 Al
% X SOD &% 2 F tsls AXE F4
ol X BAkE} A= deferoxamined WA Fod8taL vita-
min C& UFd B¢ FA 7P L& AR5 Ul
o1 SOD9] 739 FilstA| ] b5 Fo gl ¥ Fofe}
18T FEIRoY F Fists A F A &
A& Wt FqPE W ¥ £L& E9E YETH
"7 2 MDA SR 9X % & 71A) g4kakA| v o3t
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Fe HEo F A E HPst FA% Aol o £2
Gzt A5 el o skl e B Al B
B3t} ek o)#d AR E paraquate] 2JE] ¢
AEZ =44 o)A deferoxamine vitamin C7} &34
ol FrAIYS & 4 Jden, B3 deferoxamine
A FoJLal vitamin CE Yol F 3= E-& AHS-
o2 o] A Y] EHE Y A F US
RO.E At HT)
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