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Electrolyzed reduced water (ERW), showing extremely negative oxidation-reduction potential, was
used to investigate the effects of paraquat-induced damages on DNA from human lymphocyte. The
effect of ERW on paraquat-induced oxidative DNA damage in human lymphocytes was evaluated
by Comet assay (single-cell gel electrophoresis) quantified as percentage fluorescence in tail. Comet
assay has been used widely to assess the level of the DNA damage in individual cells. Lymphocytes
were oxidatively challenged with various concentrations of paraquat for 30 min at 37°C, and were
then treated with electrolyzed reduced water for 30 min. The oxidative DNA damage by paraquat,
as indicated by the fluorescent tail in DNA, increased in a dose-dependent manner. However, oxi-
dative damage of the DNA was almost completely prevented upon treatment with electrolyzed

reduced water.
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Paraquat(1,1"-dimethyl-4,4"-bipyridium dichloride)= A A| & 2.
E LAl A EE vdEA HEA AZAR, A8 35
4 Wh3ollA B3 kA (reactive oxygen species: ROS)S AJAJs}
o AZHEy 984S gto g AxEHE JepdgD
Paraquat & 109 BF oA Alg=Eo] & ndey =)
ZA] VS AL 9o fagRoR oF 150080 o
Ex B gl AREEUT) Paraquat S54) Q1A We) o
71, 53 9, A%, 7F Soll £48 JA =, tEke 253
& Wolle AU FAEGo2 o8 thyd ArRAL o
SIA w01 % o AAskE Wil R APy o2
Al Ay, 28 ol d7kR] @Rl 2sHge] sidEe] giR)
gom, 2719] A2l XJE B8l 60-90%2] AE
< Eo]i SIthY Paraquat’t QAlS] F5EAl HH Auo)A
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ROS7} Seta o2 343 S7tete] 5Ad2k8e] 48 fQloz
ZH4-3lth. ROSE weld 43, AAIeE L
DNA #4315 Sl A% ST HHA F A A
ATH? Paraquats EA-5= AE Uolq NADPHS} &AM
9)5ted paraquat radical(PQ* - )& S HTEY o]FA FAH
paraquat radicab® AHAE-RR} WES31Y] superoxide radical(O, * )
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sto] ZjE Ay paraquatthe] WS A s gl
o) dtsleie AlSSiA Fenton Whgo SJal] &S 4k
FE171Q1 atel=EA] SZ(OH- o] |k e AdsiE g 7}
AL e olgd sl izl gk 229 A
Aste] FHE SAE Wliske a3 AsiAlolnh Bg A|2A)

FHoI9ole SPgolt S)BF ST A A Wo) 7]
Aoz oL B7P5E Y ROSE HF AHe] VA
7l ABH AT 1SS fE

urom ROSE <% WHlel Ushd £YosRE
Aot A4, BIRIAEES EFD 4F AEES BB
sfste] T PABATE AHHT vk, FABHZE G

3}5490 superoxide dismutase, catalase, glutathione reductase
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59 &EAAI9L vitamin A, vitamin C, vitamin E, glutathione,
bilirubin, urate, melatonin, dexamethasone, butylated hydroxytoluene,
amino acids(sulthydryl group), N-acetyl cysteine 52| H]| &4
AZ BFE = At} Paraquat 507 Qe FASHA 3
A4E ROSE AAsH] SsiA ikt dataiAl7) Foj=lo)
gom ZAYE dASHAE Gt Fe A7 o) g3How
FYPAAF=LIE X 80] SR Rolgl Baso] It} Al
ZFEoae] AN e vitamin CH FY9E  glutathione ¥
N-acetyl-L-cysteine 5] &4E8lA71 ROS A A &37) ok
3 BuEo] 9tk T HAIR paraquat TEEAL X 8o
SIS A8 ole Fel7t 2o vitamin €8 AS-®
EdE 2N Wske FEol2dl oJsiA 23] ROSO
oJgk 23] AlslEr= ok

A (eletrolyzed watery= 71830 2Jsja] pHL} A48} -
37 $] (oxidation-reduction potential, ORPYE %43 4-golo]
™, 29 2FH%E 718 o]29] ool 28| pHE W3l
4 T e olRFE wE F Utk I AAEHE B
H' o]2¢] S71% pH7} s ORP7F 3718 =of 743
2ksde] ez Ha, 594 OH ol Z71E pHt
gl S99 vt Ik HEee) OrRPE UE 8
HET} wf- Zeh pHOlEAS Vel ok dukxog A
4x2)e] ORPE +1200mVe] E& 2H8lA9E VERZ )
= Wb g A +600mV =2 ORPE ehdt,
o] ORPE -850mVe] BYHAE 7N o),
WA e A £20mVE VR Qo 93
7F 7RI = e 2 2o SR s S9dgsee
S 7A Ao FHEAE B sE Pt 5
& To ASA g ul EFoln g9t s T A%
o] AV EIEI J=H*? olejst axh= FAHErt b
3L SleE BT VI8 Aes 2T 9w
gF ohUe} Sldelgrt SRS 7RI Yol B4t
Ao 2lgk DNA #8lE Aty RuEohh 2
ATl e Sddero] ahatsl 8498 AR 3l paraquat
of 93] Ag=E= iaFoR <3 Al UFT DNAY
&4l PiAe SdHETe REEHE Comet assay(single
cell gel electrophoresis)> V& F3lo] A E e}
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AR Az, Ao A8 ARG FE Az 9
sfo mlo]=L2 WlALS] Redox-water A4 7]E ARE-s9iTh A
g ARG ARE B2 55, 945 (Reverse Osmosis)
< AX FHE 39 ol2E 2&F(Deionized wateryZo| AT
B Ao AMSS Sl ElE pHYF 8.5~9.5, ORPE —850
~ =800 mA7} A=A skrh

AA Aot MXE £2). FujE AR AL AFsld A"
100 W& 1m/ RPMI-1640(10% fetal bovine serum: FBS) Hl|
2ok 412 -, histopaque 1077 200 p/Z underlaysle] 4%
2](1,300rpm, 6min)¥t ¥ “FF 2] PBS(phosphate-buffered
saline)2t histopaque A}o]2] band FES! F 100 WE 1m/

RPMI-1640(10% FBS)ll 41o] AR AT) d5de AA
& 5 lymphocyte storage £94(40% RPMI-1640, 50% FBS,
10% dimethyl sulfoxide: DMSOYI 23 -70°C ¥Fre] 2o
stk AE Aldle A%E lymphocyteE 204 A1&43HA|
ol YRSl AEadle] AMAR AZe] 950 W PBS 50
u/ RPMI-1640(10% FBS)YE 410 Waare] 108 A= <Hyst
Al F dAEEsld ASdE AAT F ARSI

A8} 229 =, U7 DNAC paraquatel]l 2]31 2k}
A &3E 7kP) 918 paraquat®] #HF =7 44 0, 25, 5,
103} 20 pM7} HEE & F 37°CoA] 30 B+ MHAIH oA,
e Re PBSHHE Azjsisivh. Ea #d4E)t paraquat
of gt Yult DNA &4l vXe 93 ATE7] H5iA
10 uM paraquat® 2 30% 5t X2)E Jupel SHETE
Z}z} 0, 200, 5003} 800 pA 30 E7+ ATSIAT)

Comet assay2 o83 ¢y-+ DNAS 41813 &4 23
Paraquatel] 213+ DNAS] 2bsbd &451 S0de)s #2le] <
St DNA &4 AAATE 13| 931 Singh'® 52 Wy
S H¥3le] Comet assays 2SI 818 JI97E 0.5%
low melting agarose gel(LMA) 75 ulo} &% %, 0.5% normal
melting agarose 150 w7} precoating®l fully frosted slide ¥1Z
A7} LMAS] derdo] g BAkEA & 3 cover slip
o2 Yof 4°C Wl oF 1087+ AT Gelo] 22H
cover slipe @3 2 #o] A 0.7% LMA £ 75u/E
slide 9o #71et & ©A] cover slip2 o] gele] 22 o 71
A WA 2ASHT. Gelo] 22 S T H cover slips
AAT F slideS R7F2- alkali lysis buffer(2.5M NaCl, 100
mM Na,EDTA, 10mM Tris, 1% Triton X-100, 10% DMSO,
1% laurosylsarcosinate, pH 10y ©13, 4°Ce] hdollA 1
AIZE FRE FEA AE @ES AASAT Lysis7) B
slideg alkaline &%(300mM NaOH, 10mM Na,EDTA,
pH>13)0] 3k A7|9% s=o] ¥ 408 Bt 4°ColA
unwinding A17] & 25V/300 + 3 mA°IA 20 B7F H7|9%E
ANBIT A719% F- slideE 04M Tris(pH 7.4) X0 =
sEH W AHlREle] $AEAZ 2T ethanol 3miE 3R T
QF AT

Tmage analysis. Comet image £42 915} 20 (10 pug/ml)
FE9 ethidium bromideZ 32 &3 FMSIAL cover slipe 2
9o 5 3dn| (Leica MZ16 FA, Germany) ol #a3}
AUttt 2 ¥ CCD camera(Nikon, Japan)E F3] Aozl ZHzte
ME image= Komet 4.0 comet image analyzing system
(Kinetic Imaging, UK)Z #438}%t}. Comet assayell ©|g+ ¢
I DNA &= o 2HE oF3 DNA #He] A
2l taitfiell S8 DNA %% tail % DNA & 333t
Elfiiet. ZF o dRE F 2709 slideE wHES] ZHZb SONA &
100719] 5ol DNA 493 =E 33835t

BAAY. 25 82 A2 SPSS-PC+ £ packageE A}
S3td stk zF MEE 100 719 MEelA &gt
DNA &d%(tail % DNA)Y Hazad E2F 238 313
7} F%ollX DNA &4 9A A=g vwsl] fls) s2E2
one-way EAHEA(ANOVAYS: Aldislen, zF 5E7ke] 2jo]
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Fig. 1. The effect of supplementation in virro with different
concentration of electrolyzed reduced water in  human
lymphocytes. Values are mean with standard error of duplicate
experiments with Yymphocytes from each of two different donors. Bars
with different superscript letters are significantly different at r<0.05
by Duncan’s test.
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B A7ols Comet assay ™S AMEsled tiIEz{ol ujxiels
BEA AEAQ paraquated 28 Al 9T DNAL] Abeha
s dRRRoH BEHAYS Ao st UnE DNAS)
4 HE5aGE I A¥0 DNA SR E 2935
£ WHORE chromosomal aberration, sister chromatid
exchange, micronuclei, 8-hydroxy-2-deoxyguanosine 59 4hg
o] ¥e] AMgHo] shor}, B Comet assay’} AV)EHA
vitro, in vivo Q7 BEF olUE DNA &4 SAL 3 Al
ZUEY iR PR AFSE Atk Comet assay
T w0 54586 9% DNA 832 AlZssar 91sia
Tl A 4 Qe f83 A7 HoZ Yuixy Yok
Comet assay= MIEFZoIML] DNA S A gzl 9
atd X ALEALH, Singh™ T Jsled R} vl
DNA &34 28 4 gl os 2] ¢haugont
SRS A $0529 A0 naAg Re80 Lo

Y7 A A9 DNAY YR EAE fail %
DNAS Bl ARARINFig 1). 2 A% Y97 DNAYY &
BRASE 800 WA FTIATIEAN APslee gzTd
A DNA 34 AT 5 a9k AR 457 DNAYY
T 529 paraquars AW = paraquate) 93 Qs
DNAS 2358 il % DNAS 233t 29 BT (Fig.
2). o] Aaola & 4 AU%] paraquat & Zrpe] uwpeb
DNA 35t aEalo R 2718199 thFig. |, 2). Paraquat 5
EE 23% SuM EEE AEe U tixds vy
F 719 DNAZF &35 gghe}. 22} paraquat 55 10
F 20 pME ZTPNRE o) 9B DNAYY Bol &3 o
Zgol) ws) b7t oF 35ai9b 408 A il % DNAYF 2913}
of 47k DNA €49 B3, ojwlole ddals A
Z7t paraquat] & SBE UFE DNAY plA= BEEs}
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Fig. 2. The effect of paraquat treatment for 30 min at 37°C in
human lymphocytes. Values are mean with standard error of duplicate
experiments with lymphacytes from each of two different donors. Bars
with different superscript letters are significantly different at p <0.05
by Duncan's test.

0 200 500 800
Electrolyzed reduced water (uf fm/)

Fig. 3. The protective effect of supplementation in wvitro with
different concentration of electrolyzed reduced water on 10 uM
paragquai<indnced human lymphoeytes DNA damage, Values are
mean with standard error of duplicate experiments with lymphocytes
from each of two different donors. Bars with different superscript
letters are significantly different at p <0.05 by Duncan's test.

& AWB7) 98te] WA 10 uM paraquatS 3083 ol
At F FUARE 22 200, 5003 800 w HEsct
(Fig. 3). 2 A7 2AFE AstA & 749 paraquate] 2
A DNAZE A1zhabA] &M tail % DNAZF 9F 27%2
SAHNHFg. 3). 22y SLHATE 200 W] 800 w7t
A #H2) F RE DNAY A8HE S4do) B 1 ol4se] Fig,
190 2438 a8 @il % DNA $1¢F A9 {AE.
oleigt A WA HEI} paraquat® Z <SH DNA &
B+ ANE 4 USE HAETE 10uM paraquats H2)F
G 448 Iulre] e omNsk SRl e T i}
T do9] DNA 40| B8 ouiAE U EJtHFig 4).
BS HE-gATHE 228k e duT DNAS SAHER]
Zorotl(Fig, 4-A), 10 M paraquat® ® Al Pubre] A%
DNA #3o] Yohi} <44 DNA #Ho] ulz] 4 ey
HAUEE 2 4 SrhFig 4-B). DNA £32 48 Axs
vk 7 B A7G9ES FA I8 £4ow e Eapgo)
Holxl DNAYSE o BRE W) o)galA 7] biielch
Ze} HIARTE paraquat E AR SAE SEAR 4
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Fig. 4. Protective effect of electrolyzed reduced water on the
paraquat-induced oxidative damage of human lymphocyte DNA.
A, Untreated lymphocyte; B, 10 uM paraquat-treated lymphocyte; C,
800 p/ electrolyzed reduced water-treated lymphocyte following 10 pM
paraquat treatment.

el AE)etdg W SrEAE Yu-re] DNA &)
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T A15H DNA &) ksl Az2lo) gy Ergt
© Aol v BarESL SlEd], AkshE &2d¢] otk DNA
7} By o]-24] DNA repair 40 #4312 £
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DNAE DNA repair®] EA3lg Qlsle] ¢bd3] E1=HATIL
BHYTHY Quinoxaline 1,4-di-N-oxide F=Ao} gt A2t
A2 Q3 DNAY &4 44Ag-Fo] 2t 2447 §- &
] BF7=o] Comet assay® 1= SIth” Nitrosaminedl =%
B +ekRe] 9ulre] DNA repair 52 9 oz} cisplatin
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PR TP AFAE QA% S AAFo 9L
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3} D-propranolol 52 #H|oA9] paraquat SHHWAE st
ARRE D Qo™ corticosteroidtt fibrinolytic agent -2 #H 4
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B AradMe mlg ke 2o ABlEadsE vellie #
LA 47t paraquat?l] 23 AR A7 DNAS] &3l R4
= 9IS Comet assays AME3te] ZARISITE Szl A
ol 281 paraquats] of3h As}H o= &AFE DNAZE &
e AEE &€ DNAR g Hejite] Jad=el %A
€2 eIl Comet assays 71 Al3E2] DNAL] 4FshH
g Skt 9] AMEEAL A AR Jabtel] Tk
F59] paraquatd 37°CollA 30%7F Mg §, A sE
A7¥sle] 3087 wheA AT 7 Z3 paraquatel] 93 dut
DNA® 42 paraquart F=57P ooz Fr1slHch
oy FAHETE At A5 DNAS 2hsh &2)o)
paraquat P|AE] Tl 50 A9 of B7EUT.
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