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The Effects of Quercetin on Paraquat-
induced cell Damage

Hoon Kim, M.D., Suk-Woo Lee, M.D.

Purpose: Paraquat (1,1-dimethy-4,4-bipyridinium dichlo-
ride, PQ) is a very effective and widely used herbicide
which was introduced commercially in 1962. However, its
toxic effects are often fatal to humans and animals through
accidental or suicidal poisoning. Quercetin belongs to an
extensive class of polyphenolic flavonoid compounds
almost ubiquitous in plants and plant food sources.
Quercetin is known as a strong free radical scavenger and
an inhibitor of reactive oxygen species production.
However, the effects of quercetin on paraquat-induced
oxidative cell damage have not been investigated.
Methods: This experiment was conducted in vitro using the
HelLa Human cervival carcinoma cell line. The free radical
scavenging activity of quercetin was assayed in cell free
systems using a stable free radical, 1,1-diphenyl-2-picrylhy-
drazyl (DPPH). Cytotoxicity was studied using the MTT
method. Optical density was measured at 540 nm using an
ELISA reader. We examined morphological changes in
cells after drug treatment using an inverted microscope,
and quercetin-induced apoptosis was investigated using an
apoptotic DNA fragmentation assay and a caspase-3 activi-
ty assay.

Results: Results of anti-DPPH radical assay indicated that
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quercetin inhibited the production of DPPH radicals in vitro
and that its radical scavenging activity was superior to the
activities of both ascorbic acid and N-acetylcysteine.
Incubation of HeLa cells with quercetin protected Hela cells
from paraquat-induced cytotoxicity according to the MTT
assay. In the DNA fragmentation and caspase-3 activity
assays, DNA ladders and caspase-3 concentrations charac-
teristic of apoptosis appeared in quercetin-treated Hela cells.
Conclusion: The results of this study suggest that
quercetin at less than a concentration of 100uM exhibits an
inhibitory effect on paraquat-induced cell death, but that at
concentrations of over 100 uM, the protective effects
against paraquat-induced cell damage were reduced due to
its apoptotic effects.
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Iem, AAA, oAl AHE Z2 o BF 5o 14
A W A fal & AAE AT FAASHA
2 tocopherol, ascorbic acid ¢ ¥l

metatonin, glutathione, metallothionein, N-acetyl-
cysteine, liposomal antioxidants 5°] 93 chelating
agents® desferoxamine hydroxypyridin4-one, ZL2]
I superoxide radicals A AL THA T4
Superoxide dismutase 5<% A& Fo] @A Aoz
*}% Te dATE 9
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34 AL 54 v B dald ge
QA &}, dAAZIA] Ko B FEAHQ HAE AR

3} EAEZE caffeic acid, ferulic acid %
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catechine -2 ®d%, kampferol, quercetin
gtE ol EF 83l 7tREx0ER 59 3t
o] & quercetin® ERLE, Ay, %u} S F
Hyol=/F AFY sjtE 5 hEA AEe 3
7F e ez dEA Aok, o|yd ZelHicol=R A
59 e @A ToRRE oA AT A (free
obyzte = et °ol& quercetin ¥AF T
44+517] (hydroxyl group)”} peroxyni-
LTS AA e 98 Fanton ¥HS
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SkARE quercetine] IHHHEC] o FIE Fa L4
At B #AHE AT Edl diste] ofud 28-S
steAlo gigte] ol 7kA] ATE vt §lok ol $Ele
First 7leE 7R e dEl HAE AR F UEH
9l quercetin®] in vitro golA FITFHERZ F=H AE
el ek 2HE Pr’“Oh— Ao HHRFES A7
A= A& 39 ascorbic acid, N-acetylcysteine 53}
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¥ 4o A14% paraquat, quercetin, bovine
serum albumin, dimethyl sulfoxide, tetrazolium
bromide, DPPH (1,1-Diphenyl-2-picrylhydrazyl)<
Sigma (St. Louis, MO)AIA, Dulbeco s modified

Eagle medium (DMEM), fetal bovine serum
(FBS), penicillin-streptomycin %+ Gibco-BRLA}
A Fsa, ECL protein detection kit, nitrocellu-
lose membrane< Amersham (Arlington Heighs,
IL)AFAA P8ttt 1 99 th& AldEe 539 A
AHE-SFSA T

2. M| 2| HjQF

2 Hd¥dl= Hela cellsg AH-38IE2™ . penicillin-
streptomycin (100ug/ml), 10% heat-inactivated
FBSE #71st DMEM=< Higd ez 5% CO,, 37 C ol
A wjFstion, M Ale] v We] 70~80%° =&
st Al S Algsten e Adole Adud 10
W oolule] AEE AE-5lS T

3. M Z 545 HAHMTT assay)

96-well microtiter tissue culture plate (Falcon)ell
HeLa AlXZE 103 cells/wellZ2 #F3lal thfgl w9
paraquat =& querceting Azlste] 5% CO,, 37°C ©l
A g AR EQE wikeisith. wiAlE AAT F 0.5
mg/ml MTTS9 1 ml& ¥ 5% CO., 37°C A 2A]
7F SoF wjeksiith, PBSE 23] Az & DMSO 200
ulE Y1 30%8F ELISA Microreader 550 (Biorad,
o] g3le] 540 nmeold TH=E =
3% (Relative absorbance) = <F& %E%
T(FE WA FEER W fle=

aksl g e DppHE o] &3fo] Al&2l free radical

S A= et &ajA1zl 100 uM
DPPH&-} —g— 100 ul, A 96 well platec] #FataL ©]7]
o FES T xﬂz?ﬂ 100 ull® #7fste] H3 |k

Sgdo] 200 ulz 3 F 0=t WSS AlFY aEn
ELISA Microreader 5505 ©]&38t] 540 nmeolA &%
=5 =%319a DPPHe 3l o3t &3=
&) 7 ok=o) gatgl S =AE )

122 %

5. M2 HEf M3t 2hE

100 mm disholl HeLa AIXE 6x10° /A% Har 244]
b Eek veke = o (kR vAEE), SR ERE A
g3+ FHHES} querceting AT Fo g Fjdld]
5% COgz, 37°C wiF7IolA 48413t &<k wheFeh
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6. Apoptotic DNA Fragmentation assay

Quercetin®l 93l apoptotic DNA fragmentatione]
dojup=x] HAE7] 98] DNA fragmentation assayE
ettt = 100 mm dishel HeLa A1%Z 5x10° 74
A m 2447 B wjFE F 0 uM(HERH)H 50
uMAF=), 200 uM(3L%%) quercetine A2ldkaL 5%
CO2, 37°C oM 24217t B<t vkt agln AES
33 o A7hE PBSE YW YA Eeldke] A E A
Ag T A" AEZE 25 mM EDTA, 0.5% SDS, 0.1
ug/ml proteinase K7} A7H¢ 100 mM Tris-HCl (pH
8.0)5 o]&3l9 resuspension & F 60°CellA 12413t
< RREAIAT Phenol/chloroform(l-l)JJr chloro-
form/isoamyl alcohol(1:24)< ©]&3te] DNAE FZ3}
Ak, ol 95% ethanols H7Fsla ¥4 ¥e]sle] DNA
E AR ASdE AAT T 1ARE BRF WRAIA
RNAES ¢A43] 714538] Al71aL 1.6% agarose geldl 5
ug?] DNAZ A7) 9%ste] DNA ladders &<l

7. Caspase—3 activity assay

Quercetin®l €3+ Hel.a A2 caspase-3 &4 W3}
= #2357 Yl caspase-3 activity assayE A8
t. = 6 well platedl HeLa AIZE 1x10° cells®
platlngO}Oﬂ 24717 FRE ek & 0 uM(dlz=3) 3 50
uMAF%), 200 uM(L¥%E) querceting A &lstn
5%CQ0s, 3T°C oA 24417F Bt st a22la Al
X5 T thy dilde] F AIEE 2ol TTE buffer

——24 hour,
1 [—=—48 hour|
| [=+—72 hour|

Concentration of Paraquat (mM)

Fig. 1. Cytotoxic activity of paraquat in HeLacells.
Hel a cells were treated with various concentrations of
paraguat for the indicated times. Cytotoxicity was deter-
mined by MTT assay, and relative absorbance compar-
ing with control group without paragquat treatment was
calculated according to doses of paraquat.

(10 mM Tris-HCI, 0.5% Triton X-100, 10 mM
EDTA, pH 8.0)& lysis A7l & 30 ¥3F d3olA W3]
g & gANkg buffer (100 mM HEPES, 10 mM
DTT. 10% sucrose, 0.1% CHAPS, 0.1% BSA)dI
cell lysateE #713F & 100uM Ac-DEVD-AFC (cas-
pase-3°ll g substrate)S H7kste] 37C o 443t &
b ¥hg AlZTH 1t 33-1‘?}—5 F WEEHE fluores-
cent spectrofluorimeter (Perkin Elmer LS-50B)&
o]g3te] 400~505 nmellA =48t}

8. SAXE

A M5 Zol7] Yl TUEA 2ol AE F2F
AAE, kel E =% Caspase-3 activity assayZ 63
AlgYgt & gt EFAAE B gkl ot
AR o2 oS 7H7 ekt

g 1
1. HelLa M| Z0i[M 2| mi2t E0f 2| ek M 2 =

JHAE $EHE Hela AlEe vAe =
771918 FEHAES s R AEd & 24, 48, 72 Al
oMol Az B4 539 47, 100 uM sZdA =
24X ZF U 95% o173 AlE £24do] BEEY 1, 1 uM =
TollME FE AP F 48A1HEE 50% FEe AEEA
o] MAsL7] AlFBIH o™ 10 uM FEolAM = 48A17toA
95% ol’de] A E£4o] B ATH(Fig. 1).
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Fig. 2. DPPH Assay
Radical scavenging effect of quercetin, ascorbic acid,
and n-Acetylcysteine on DPPH radical production were
investigated according to concentrations of each drugs.
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acetylcysteine®} ascorbic acidete] &itelehyd vinEs
98l DPPH radical £2A &35 #HE3Z A3} quercetin
o] N-acetylcysteine® ascorbic acid 2t} & gats}
S By} Queretin® 100 uM °]39] oA H]
%8 Aro] asaAd S Heow ascorbic acideE F
T2 F7VelA mlEld og gakstdido] Frlele 4ol
HEEH A (Fig. 2).

pd
8‘ .
=)
§ M Quercetin
3 w Ascorbic acid
0 25 50 100 150
Concentration (uM)
Fig. 3. Effects of quercetin and ascorbic acid on paraguat-
induced cytotoxicity

Hel a cellswere treated with 10 uM paraquat and after
4 hour, various doses of quercetin and ascorbic acid were
treated. cytotoxicity was determined by MTT assay.

y § Fig. 4. Effects of paraguat & quercetin treatment

3. o2t Eo = ME=40| cier SASA|
quercetinZ} ascorbic acid2| &t

DPPHIAN ¥ grtstdd & B qucercetindt
ascorbic acid7} T Ed| FEE Ax &4 nA= &
75 #Esr] s 10 uMel S=HFIE A7 F 482 F
59 FE¥E quercetind ascorbic acidE X2l & 364
Zb Foll EMgk Axt 25 uM, 50 uMelAE quercetin®]
ascorbic acid2t} ¥& AlxH3T Gy} g w150
uMelAE quercetin®.t} ascorbic acid’} BAIEHH o=
ol ERSEAF B AHFig. 3).

4. o2t E2F quercetin Off 2|8t HelLa MIZ2| HEN
FA| 5}

1o

10 uM SEHRIES A2l 4417 3o HelLa A%<t
quercetin 50 uME Aglgt & 36A17F v o T 94k
ugoz #A A3 quercetin 50 uM<S A AHzlg
oA FHFHER APt 73} vwste] YE A ESFTL 9
0 A BATH(Fig. 4).

5. Apoptotic DNA Fragmentation assay

Quercetin®] REEoNH AETHTEI i Yo
ol A=AE AV Hst] tix

=

apoptosis =9 #d

on the morphology of HeL acells.
Helacdl wereincubated a 37°C for 36 hour.
The morphology of the cells was observed
under phase contrast microscopy (< 300).
(A) no drug trestment (B) only 10 uM paraquet
treatment (C) 10 uM paraquat treatment &
50 uM quercetin treatment
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T(FE PHYT), 50 uMATE), 200 uM(ZLF%:
quercetin A2l 7kl DNA Fragmentation assay Al
g A7 gz 50 uM(AEE) quercetin oA &
DNA ladder7} ##Z=A ¢¢gtovt, 200 uM(s®
quercetin Tol4& DNA ladder’} 25 AtH(Fig. 5).

6. Caspase—3 activity assay

M MEETEI A dAdo]
caspase-3 &4 & apoptosis v—-—S’Jr J?ﬂfbol UEAE
ZAFsl7] $lste] Hela AlaEol] oz (¢
uMAFE), 200 uM(ZF=) quercetl
pase-3 A< A% A3} 200 uM(L%E) quercetin
Aol iz (ke nAeT)H 50 uM(AHFE) Bt
oln] 9l caspase-3 TAE 7S 29 (Fig. 6).

Quercetin®] 1¥s%

r -
Izt LA F3tel] skl theket kA7) gt
BFEe F93 A8 AMEHD la o BIAQ Fatst

0um 50 uM

200 uM

Fig. 5. Effects of quercetin on DNA fragmentation in HeLa
cells
Hel acdl wereincubated at 37° C for 24h in the absence
(0O uM) and presence (50 uM & 200 uM) of quercetin.
Tota genomic DNA was extracted and el ectrophoresed
on 1.6% agarose gel.

Aol e setEe] Aol 9%
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& @ Zelth oleld WA HARe EAstE TR

GRS W AABE FED ARE Aol Bastel

2 ARE AlgsiA =AU
Ao e HelLa AEE o] &3t AEEAS
Atetglon SGHES sRER A X A Ay}
uM A2l § 48A1ZF FHE] AE FAo] ERlso] o
50/4 Al 3%% i} 2

s
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1 Sena AzEYE _w_aau}. =3 Avjge] AT o)
Wl NE SegE A2 F 3643k B9 50% ol

AT SYE JUY S 9 o= Be AR

)
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o
ThESE A EFoA T ES] &
A faker adelh .
Quercetine #HY, Aa, thedgt A= ol A &
¥ polyphenolic flavonoid ©l &38l= ©4get
295 7H SgrEelth. @Al quercetin®] #-&71H
g in vitro & A7E F2 I 23S 5o B
< A7t olFAA L dom, fret, ek, Ak, 74
s
al

(o=
Boh M@y, A, BAF, Gag AZF 5 o

Kl

Fo A g smoA] xS A APt
o g ol gAlE o

P539] WS AAlste] AE BE @A G2-M &
|5 JAIAIZIAY, tyrosine kinase, Ras @9
A AAE B AERES A, 282 heat shock
protein & JAlsl] SAEZ AEEL A st Ao
2 gA o, ol Age|A HeLa AlZA= 200
uMe] F=Az2] Alddl apoptotic DNA fragmentation
assay°lAl DNA ladder 7} #2531 caspase-3 activity
assay 74 caspase-3 &/g°] TRt 3uf o] F7tst

00

Concentrations of quercetin (uM)

£
X
EY

E=N

w

—_

Caspase-3 activity (Folds of control)
n

o

Fig. 6. Caspase-3 activity assay
200 uM quercetin induced activation of casapase-3 more
than those of control (No treatment of quercetin) & 50
UM quercetinin HeLacells.
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' AL Bd 1559 quercetindlAE HeLa Al3EoA
apoptosis %= *é NIZEARS Hols AS o 4 9t

o]2 918l A¥E quercetinolld HQl FiAFE Fdlo
A% AX REFgWyL adhs A7E Hd A0 AlR
€t

Jeong 5”& quercetin®] cell-free system ¥}

human umbilical vein endothelial cells (HUVEC)el
Al Cu®ll 98] 2kt LDLel #x=¥ apoptosisE A3}
3 e A EA Ao EES /It B
28t 9o, Chen 5”& rat glioma C6 cellsellA
quercetin®] Hy0, ZAAFAZF] 23t apoptosiset
chemical anoxia°ll 23 apoptosis 55 <Azt
S B gtk oWl AReA querceting] IAbEEAY &
B7vsl7] 918k DPPH assayelAl @4tstAl= @A) st
E9] 24 ANF5YER A3t A= ascorbic acid B
N-acetylcysteine Bt B M= £ 3itstdAy
< Bt ol#d ¥& Fxoquercetine] 7HR EL
ArstEAdo] BeF Eof ofg AT FEA /‘ﬂE
T A ERES JJ Ao Almdrt. EH|=
ascobic acide &7t 715l wel ditshae] H]
o2 AAT] %7}4% Fgoldem, 800 uM F=olx
37} quercetin 100 uMelA] BRI g4tsle gy} 1)
AEE UrEhHO*‘ﬂr o] quercetin®] A% %< &
T @ aFe AlAStE Sl ascobic acid, N-

acetylcysteine EE} = A drtsAd S AR
3 HrrEE 4 9l

ole & i’“‘_ garsled S HQl quercertint
ascorbic acid’} el EC <3 AE EA4o Fgte
98 dolR Al HeLaM 2] 10 uME *2d v 4
AZE Fo quercetin EEEE Alsla 36A1%F Fof
paraquat ¥ Agg iz Hlwste] AEYE F=E
H7kekR S v, quercetine 25 uMoﬂiﬂ oA ET Az
o gjztol| Hla 71 w2 AEZAEE B3 st T
7¥eol| whet A E AEEC] HEA R Fashe FEE B
Aok, AT quercetin %=7F 25 uMellAl 100 uM At
ol X= txwo Hlwate] ofn] gle AE S/ #Ey
Atk WA ascorbic acide g Aol 22 v
wall 9u] Sle AE AES BIAN 25 uMZ 50 uM
NME quercetin®t} W AE AEE HITE AT
100 uM¥} 150 uM °IXE 238 quercetin A2 R}
=2 AX AEES U

o] quercetm/] =2 FXoA apoptosisell €] gk AL
o] ARIIAE Hetslr] 9138 apoptotic DNA frag-
mentation assayE AAIg 23} 50 uM quercetin #2]
Al ZEA] 2d DNA Ladder?} 200 uM quercetin #
g AlelA #ALAI, caspase-3 activity assay©lA
HeLa AlZel 50 uM quercetin 223 ZX}t 200 uM
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quercetin A2 Al 21| Sl caspase -3 GHE F7HE

Attt caspase-3% proenzyme FESl procaspase-3%
AxEde] EAstt7t apoptotic signalS ol 243 &
caspase-8, =& caspase-9° 9 &3} ez Wt}
T2 caspase-32] B4 I7l= apoptosis HAS AlAMS
t}. 22|28 Hela A XolA mtg}g Ed Eﬂ?ﬂ quercetin
o] NXHZ Zgo] nFEor HL o] quercetino
2|3k apotsosis =& QU3 Aoz Jd"?_r?lr/}. Chen 5"
o] glioma C6 AEFol|A querceting F=HZ A3t
T AESAYEE FrRsIS o 200 uMelA 2r] =
Az AEE a7 #EEAD H0; A9t chemical
anoxia JH°IA querceting A=< w 25 uMF
50 uMelA querceting A8k @& iz vlwst
o on] gl AEAYEE Hu stk %3 apoptotic
DNA fragmentation assay’dell*l H.O; #1292} chemi-
cal anoxia®l €3 DNA ladder ¥4-S 25 uM3} 50
uMellA apoptosisE A gtcta Bk vl 9o},

o} 7] quercetin® AE FIE ZE D ke 24
o] A&7} apoptosisg frdshe P& omA ] FHR
A Tl gt & ARdA e v wx9 3

E A2 & 7 =9 92 quercetin =94 apoptosis
assay, MTT assay 5°] A=A %1, @A HeLa
M| oA o] Fo]x A FHo] glo] = thek z‘s]— MEFE o]
&g F7HQ ATt eF ZoE AlREH o oyt
in vivocll Aol &t it 2AF o2& Aol

4 £

ol A= Hela M 2EeA
=)o} quercetin®] &5 FAT A
o4 paraquat®] AEZ=AE %
TVele e Btk @AstEA
Wb 0 2 ascorbic acid, N-acetylcysteine 2ot o =
o HelLa AlZEA quercetin® @& FroME
ascorbic acid Bt} 73 AXESEIHI} IRIEAN =
& FZdAE apoptosisell 9 AlE BAE HolAd Bk

o wE v B3} YEve oz ke

paraquatQ] A E=A 3} &
gk Zolth, ¥4 Hela Al
9} A|7tol] vlE| A o2
T8-S quercetin®]

30 2L oy b
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