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ABSTRACT - n vivo genotoxic potential of isoquercetin, a plant common flavonoid, in comparison with quer-
cetin was investigated for the DNA breakage and the clastogenicity endpoints. Male ICR mice were administered by
oral gavage for 3 days with 3 x 0.5% carboxymethyl cellulose (CMC), 3 x isoquercetin (250, 500 mg/kg/day), 3 x
quercetin (250, 500 mg/kg/day) and 2 x ethyl methanesulfonate (EMS, 200 mg/kg/day). Tissues were collected 48
hours after the first treatment and within 3 hours after the last treatment. The DNA damages were evaluated using
Comet assay in liver and stomach, while the clastogenicities were determined using micronucleus test in bone marrow
of same animals. The treatment of isoquercetin as well as quercetin did not cause the DNA damages in liver and stom-
ach, and not induce the frequencies of micronucleus polychromatic erythrocytes in bone marrow. In conclusion, iso-
quercetin as well as quercetin did not cause the DNA breakages and the chromosomal damages in vivo system in these

study conditions.
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ol ¥ w2 §F&S Bole 7
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S ATE Fo 39S u, dBAAM quercetin ¥ oY}
isoquerceting LC-MS/MSE A-&-3lo] A3 HE3813 72”,
0gs FetEeol=E e AEFEEE HIAANHS
o == UPHLC-MS/MSe] A B O 2 isoquercetin
S YA AEIATH?. ZHZ quercetin isoquercetin
of AA W FEE HwE =woAME, 8Y7HA] €9 H
A 7Y, A, A, A, H)elA e BExE F3 AT
S, W& xgg gFEE] ZH A isoquercetin®]
quercetin 2T} A o]&Fo] & FoZ HIFIUCGP,
webs] A o] &-Fo] E7] wE 715 AFLEA
o] ®& &8rFsAde] Aol Hi de Wk, Zhol|A €]
oFE A} E4E JAIsHAY frEdte AT E B
H AL glol! Qhd o] Al Al AlelEofof jitt
Quercetin®l] Wt b A|F A= thF BAE O,
isoquercetin®] FHA B = A o]t} Quercetine BFH]
Zlo} &8 Ames testol| X YAHLZ HIAE N>, in vitro
Sister chromatid exchange (SCE) % A3IAIH A= A
o7 BIFHJASHTH i vivo REANM = 2E FEst
A BRI QA M= FHAREARC] B b
Aol glv EZE HI7HE AT, Isoquercetin®] QHHAJ
tiatedE 200433 201000 = (Wistar rats)E A3}
of T3 1357 NESGAAFH 527 RESHAE A%
7V 42k B EA, o] ALE-3E isoquercetin® GAE
7R AlA AASE isoquercetin® 2 95% £Eo E32
o]t} F AldaA isoquercetin®] NOAELS 2]o]ol] 1%
SFo 2 HII3R W, isoquercetin® 2= 542.4 mg/kg/
day= RIS TE U 58 (acceptable daily intake)=
SHikelH 5.4 mg/kg/dayi AZEHAT, SR EAE
F2E gEgols &83 Ames testo] A YA 2 FHun-
published data)7} S1-&E A, MEF A4 SCES
MN9| A7 RAEIIT®, isoquerceting THF &7
8l o}E] = (Artichoke, Cynara Scolymus L.) FE=% 3
871 2000 mg/kg/dayS 2 33] T Al in vivo P92
=T MEE] comet assay |41 DNA &4 fridste A
O 2 Ve,
wEbA B AFo A= isoquercetin®] - A} stability®ll
B T A Hrrstz] 98t in vivo PR-AE AR
AT 919k ZHA oA Comet assayS 57331 DNA
SRR EE AFSAL, ZFAEE ARE st &3 f{d
7Fs/3-& B 7138k Isoquercetine querceting] Bl A o]
D=2 querceting} ¥ ATE FY 3T

=
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Materials and Methods

PR B ]
B Ago] A" Al9F 5, Isoquercetin (Cas no. 482-
35-9, 98%)= International Laboratory (South San Francisco,

LA, USA)IA 431592 ™ Quercetin (Cas no. 117-369-5,
96%), Ethyl methanesulfonate (EMS), Sodium carboxymethyl
cellulose (CMC), Sodium chloride,
Ethylene diamine tetra acetic acid (EDTA) disodium salt

Sodium hydroxide,

dehydrate, Tris aminomethane, Triton X-100, Dimethyl
sulfoxidet= SIGMA Chemical Co. (St. Louis, MO, USA)
N UL &9 Ca & Mg Free HBSSE= WELGENE
AH(Gyeongsan-si, Gyeongsangbuk-do, South Korea) #| &<
AH83 2™ SYBR Gold, Comet slide, Low-Melting
Agarose> TREVIGEN Al(Gaithersburg, MD, USA)$| A
F& AHEEslTh

MY % e '—‘.5-01

1 2 ICR "F-2(6F%, male,
SPF)E (T)LPB}H}OIEE“(%ﬂE el A YL
Al P 7HIE GLP A-5ollA] )3kt AL
S3732 v wke] 2715 747f 12A]7F0 2 BiEo] =390
3, 22+3°C, FE 55+20% 2 FAENoH, B3 AlgE
A+ Fol A]?it‘r AP FE AoNE SY=zz24d A2
S AFEBIA T F7]E 220W x 270D x 130HE 3F3om
gk AolA & suteld FESHAT

olzE ANEEL 59 Zof 4

A &, 2 svk
A 6o E LA, Tt 7o —r°4§ 13} &2 wiA
S 3. 2AUIE(Vehicle, 0.5% CMC), YA THZ(EMS,
200 mg/kg), isoquercetin (250, 500 mg/kg/day), quercetin
(250, 500 mg/kg/day) O 2 &2 Hh 10 mlkg Fol&
oz I 2ANYT FL 2AS] 4T FIa
ov) AYYI7 B AFEHR P TS BRI
Isoquercetin®} quercetin®] &3 =2 v dle] RIPA =
0.5% CMCE ARgstier #dsA FHAA L
FoFo] 7Hs3h Zb_ oE% A&

24/\]7]-J,} 21}\]71—)§ o}ﬂj’_ & E;{EHZ'E.LTT 23] (FAZH A&
2AZHE Sgor] v e o] F 347k O, HHA
A7 3w/ A /\]Zﬂl:} 7+t 91E Comet assayoll A

83193 ZTHNETE= FoA A FH st A A}
|3t 2 o%e%‘% SA e PAAHIHIE F
223829 Y3 oA % AYAYIME HESZ A
gt & YA THEAHE HTRC-16-20).

Comet assay (] 9 I

{2t Ztol Tz X|Ef
Y8 H4& & HAYE AASI glandular stomachol 4]
= URHoE 9 HuEE T35t ARSI
4 W =E AA|S glandular stomach
< AlFES T FAA9E TPEA Fo] MEal Ak Al
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Wl 154 T}, Scrappers ©]-&3st 9 HES &
of UM EZE WEAA derlS AT op7} A(agar gel)
Zeto|= A& A7 D& Yol BAsATt w3 7 &
A& AEst 7ke] FAE ST & HS5 A(left lateral
lobe) DH-Z AAslaL 2p7He Ad WHE FE3] AT
F AR WA Al AT AL AN, Aol
A BB F opyh A Eetol= AlF] ARSI

(S

Comet £210|1E A& 2 M7|I9=

Comet assayS 918+ Setol= A2 2 H71952 Tice
o WO 8 JaCVAM AS AT AA—E WS
ARE-BFAAL TRl AAE] A ettt 19k 7, ZHzte
A @l 40 plE 360 ple] low melting agarose (LMA,
0.6~1.0%)F <3t &gl 80 ulE Comet EHo]=
(Trevigen Co.)2] welld] =23t t) 23€ JHZ =231
F 274 lysis solution (pH 10.0)9l 1417+ o] &7} Al
Fubat duks g3|AIZth Comet SElo]=5 Ead 33
ZHrR 24287 ML alkaline solution (pH > 13.0)
of 2027t @7} DNA olauad e & & A719s%
AR K713 A G EAS AHE-st 0.7 Viem,
300 mA°IA 3027t 719ES ST Comet E2fol=
€ Bv9 3x SR 58D "2 A LS AlA
g5 70% ollerEol 5% "@rF AlZE ST Comet
Eeto| =5 agE StellA 7124171 F SYBR Gold 94
Al%K(pH 7.5y TE bufferdll 345t G313t

DNA #4457t 32 T

A 2o A DNA 44 =5 H7tstr] 918t cCD 7+
HetE AZ4€ F3An7 (Leica DMi8) AH&-dted 100M)
F= 4008 vl DA EE BB o|n|R] AEE
A AZEdo](Perceptive Instruments ZJAF2] Comet Assay
IVZ ZAsI0o Ads=9 27 9 F 719 wellsollA]
1599 olde B3N well W AFS H317] 95k
st G T S MEzoE A BUTEH DNA &4
o] At 9-(“hedgehogs”2}2L &, W] FEo] i3 Zg]
7} Bo] HAJE B s B0 AREEA] 49k hedgehogs
o] 5 AlSleh A4 B7HE 915t % head DNA,
% tail DNA, tail length, tail momentE =73} E235}
Ak 7t 23 F 1507 DAIE DNA #719E olnA] &
A ke W REHAE AT DA oA DNA
& BALZRE AAHE L JaCVAM ASAFoA Al
|Fo2 st SAHE DNA &4 24 F %
tail DNAZF 9] A4 1-20%, ZFAIZA 1~8% <]
W2 453, FHUFAA 5318 S7Hs 2 ), A
Ao AdA 9 BHIES AT AEEAC tisto
= AR} vlaste] FAHSRE o FHp <0.05) A}
o]& HolAY &% °|&F F77F #EE u, DNA &4

N

of et Fdoz BAsAT

ol

AU (@SHE)

|
Schmid*®e] A] &+ OECD guideline (TG 474)*9]
met vk AAFES FPEA L sl v

Rtk In vivo BFNA 28 £ Astel vhes

e
A

o
= =
T AE FdEAS Ao dAdE § AFAS AAs
=] 2 2

3 FAAE] $Hjo

24
Ak #v7 10008 wiE)S S5k A G ook
2] ™ - (Polychromatic erythrocyte, PCE)2} A 944 &
(Normochromatic erythrocyte, NCE)2] o] 5007171 ==
E AR F AT 5 g A8E o HE[PCE/
(PCE + NCE)|& AF&sI9ith. &8, PCE A&2] 1/20~1/5
A7) GiemsaZ GME 23 T BYS Loz A
o, A F thAdAE 7t 2,000 7 HEF Al
st ARG T T &Y THA A A E F(Micronucleated
polychromatic erythrocyte, MNPCE)2] H]£(% MNPCE =
MNPCE/1000PCE)& 8] 31579 A2 AR-s9l
T} MNPCE®] H]&o] SAHZTT sty FAZo=2
el dastal &3 oEF o2 FUleAY Hojx |
N olde] &% Lol FBAHLE APFol HEE o
FAEE FHo=E Wgsiant.
FAXE
Comet assay®ll Al Al =2 2] DNA &7 sk 4 &
= 9 BAHE 938l Dunnett’s test (two-sided)$} Linear
trend test (two-sided)E F333te] FAA F14(p <0.05)
< WA T tisted= Student’s test (one
sided)Z HE 5414 F24(p <0.05 AA I 48
AdoA LTI FERIEe]] thalA = Fisher’s
exact tests AAIst F243(p <0.05& ARSI A
AAY 1] AT} A|F2] WMSl= One-way analysis
of variance (ANOVA)E AAlste] §24(p <0.05)2 24
st

Results
UL &
Alg A 717 Fole] RS HES RE AEEE
A HALS FES GGt gl Bl S AHE
HF= R Ut
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Table 1. Effects of the administration of isoquercetin and quercetin on the body and liver weights

Chemical Dose Body weight (g) Liver weight Rel;iitive liver
(mg/kg/day) on Day1 on Day3 on Day3 (g) weight (%)”

0.5% CMC 31.6+0.7" 31.6 £0.9 1.75+0.18 5.55+0.63
EMS 200 32.1+£1.3 303+ 1.1 1.54+£0.23 5.07+0.68
Isoquercetin 250 33.0+ 1.1 32.2+0.8 2.06 £0.16 6.39+0.43
Isoquercetin 500 322+1.2 31.1+1.9 1.76 £0.13 5.65+0.24
Quercetin 250 32.4+0.9 31.7+ 14 1.92+0.21 6.04 +0.42
Quercetin 500 322+1.1 32.1+12 1.73+£0.21 5.36 +£0.47

YEach value is Mean = SD
ILiver weight / body weight x 100
CMC: Carboxymethyl cellulose, EMS: Ethyl methanesulfonate.

| . | -
| . | .
Fig. 1. The representative comet images of DNA using mice stom-

ach and liver cells. Stomach (A) and liver (B) cells in negative con-
trol and stomach (C) and liver (D) cells in positive control.

Atk BE Fol ZoA Fof Az ol Fo FAHos
o9 AFe) Wske BAEA arom w7 A AFH
7 BARE Fof 7 o] AR ol Folg 1

oA WATHp >0.05). ATl et 7he) A TS

FdNzoAM Faske Aol FEEUIL isoquercetin?}
quercetin®] #8250 mg/kg/day) F LollA F7H=
AFS Bou, BAXSRE fejHolA] LUTHp > 0.05).

DNA &% 1871
Comet assayt DA EE agar A3} 7 Sglol=of &=
et 7195 & Al Ul DNAE 33 F45te] DNA
TS A= AFHORE 1 AFoA] A&eE Comet
Ee FZ3v]7 imagesE Fig. 19 AA]
ShATh SRS nFe-29] 919 THIE A7 F ol
A= 99 DNAE YERL, Fdtixd]l EMS A2+
£ DNA £4bol] 23k DNA taile] &=t} F3a&n|
Zdoll A #EE ow|R| 9] #A1S Fall DNA &R EES]
WS A=A Table 29F Table 391 zHzh A8t
% head DNA #t& @3Fo|m#] mg] FEo] DNA £3
H-gol™, % tail DNA %2> DNA &3] 9]3)] Yehd tail
of #3Z3F= DNA H|&°]H, tail length= head T4l
taile] E7FA 2] A E ¢nstH, tail moments % tail
DNA®} tail lengths 7 wkdste] AHEgh Aol
Table 2= 7} Al9] 9] M XA DNA &4 AxE
VR, Table 391& 7HA1E2] DNA &4 A EE AA

Table 2. Results of the Comet assay using cells from the stomach of mice treated with isoquercetin and quercetin

Chemical Dose (mg/kg) Scored cells Head DNA (%) Tail DNA (%) Tail length (um) Tail moment?
0.5% CMC 150 94.29 £ 1.70" 571+ 1.70 51.31+2.74 1.49+0.47
EMS 200 150 49.97+10.42*  50.03 £10.42* 94.28 £ 5.35% 18.43 £ 6.27*
Isoquercetin 250 150 92.82+3.12 7.18 +3.12 51.78 +3.74 2.10+1.21
Isoquercetin 500 150 95.03 £ 1.99 4.97+1.99 48.01 £5.58 1.38 £ 0.73
Quercetin 250 150 94.21+2.73 579+2.73 48.14 +3.68 1.53+0.86
Quercetin 500 150 92.90 = 1.68 7.10 £ 1.68 49.75 +1.70 2.02+0.51

DEach value is Mean = SD

YTail moment = tail length x DNA in tail

*Significantly different from the negative control group (p < 0.5)
CMC: Carboxymethyl cellulose, EMS: Ethyl methanesulfonate.
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Table 3. Results of the Comet assay using cells from the liver of mice treated with isoquercetin and quercetin

Chemical Dose (mg/kg) Scored cells Head DNA (%)  Tail DNA (%)  Tail length (um)  Tail moment®
0.5% CMC 150 97.25+0.47" 2.64+£0.47 47.67+1.04 0.51 £0.09
EMS 200 150 60.04 = 11.43*  39.96 + 11.43* 82.49 £ 6.52* 12.75 £ 6.29*
Isoquercetin 250 150 97.57£0.79 243 +0.79 43.56 = 1.40* 0.55+0.20
Isoquercetin 500 150 97.58 + 0.84 2.42+0.84 4436+3.12 0.51£0.21
Quercetin 250 150 97.26 +0.97 2.74£0.97 41.95 £2.00* 0.61 £0.27
Quercetin 500 150 97.42 +2.04 2.58 £2.04 43.14 £2.15* 0.61 £0.50

YEach value is Mean + SD

YTail length x DNA in tail

*Significantly compared with the negative control (p <0.5)
CMC: Carboxymethyl cellulose, EMS: Ethyl methanesulfonate.
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Fig. 2. The changes in tail DNA(%) of the cells from the stomach
and liver of mice treated with isoquercetin (IQC) and quercetin
(QC). Data are reported as mean + SD (N =5). CMC: Carboxym-
ethyl cellulose, EMS: Ethyl methanesulfonate.

a9tk Fig. 2= 919 7HAIE9] % tail DNA S #HE
T2 3tk Zlojth, SR % tail DNA 3t 1k 74
A ZAA Z42E 5.71%9F 2.64%2.2 F WS W& 37t
HAAL, FdNETLS ek A A 7 50.03%9
39.96%% FSlaH S7lsklon FAHeR ool 3l
= Ao R H7IEATHp <0.05). SN} FAHxe]
Aol wEbA 2 Al e] BFdo] A5 EHATE. Isoquercetin
250, 500 2 quercetin 250, 500 mg/kg/day o1 wollA <
A3 DNA <=/ tig % tail DNA 352 7.18, 4.97, 5.79,
7.10%% UYEh} F B2 2% k92 9 HubA| 2] DNA
&S gAY Ao ® 7 Atk(Table 2 & Fig.
2). w2 ZhA| ZojjA #EE DNA 44 =S Table 3
I} Fig. 20 AAE v} 7Fo] isoquercetin 250, 500 2
quercetin 250, 500 mg/kg/day F oA % tail DNA %t
o7 HrtE u, 243, 242, 2.74, 2.58%% S/}
zto] 7t JEE A ek 9kth. Isoquercetin (250 mg/kg/day)s}
quercetin (250, 500 mg/kg/day) T4 Al, ZHM EZ A tail
length #|37F S tix9t Hlast] o3 (p<0.05)o2
A YeERd 22 DNA &4 AEs= JrkE + e

Table 4. Results of the micronucleus tests using bone marrow
cells from the mice treated with isoquercetin and quercetin

Chemical  Dose (mg/kg) (Pé](20+><£ CC;(/% ) % MN-PCE?
0.5% CMC 0.50+0.07" 0.31+0.04

EMS 200 0.51+£0.16 0.91 +£0.20*
Isoquercetin 250 0.51+0.05 0.19 £ 0.06
Isoquercetin 500 0.50 £0.02 0.31£0.07
Quercetin 250 0.49 £ 0.07 0.40 +0.08
Quercetin 500 0.54+£0.02 0.38£0.12

YEach value is Mean + SD

MN in 1000 PCE

*Significantly different from the negative control group (p < 0.5)
CMC: Carboxymethyl cellulose, EMS: Ethyl methanesulfonate.

1}, tail moment2} % tail DNAGIA = &Y A37 &2
HA] e Ao F Hol(Table 3) AETZ S 2n7} Qi
Zo " AtgETH

o
-2 E o]&-3 in vivo 2N P dAAIETE e R A
2G FFAEANA Felshs AFoR FAA L
o)’} oF- &, clastogens H7Ish= AREA ARSEHT &
NN F A= Table 49l AA =T} PCE/(PCE + NCE) H]
2 AESY ARE ARRHY, A HE T &3 7
T e A5 NEZ AT 2 AJfelA PCE/
(PCE+NCE) H]&2 2AtZ, isoquercetin 250, 500 %
quercetin 250, 500 mg/kg/day 1 oA 0.50, 0.51, 0.50,
0.49, 0.54% < 7ol zto]lE Holx] et hAAd A E T
o] &3 i WinmE 99 e FA=E 031, 0.19, 031,
0.40, 0382 H7}= 0™, isoquercetin == quercetin®]]
ot frrlEAdo] AR ST P A ol
= TEAAE T ool SAFCRE o Al <0.05)
74k 2o ' Hriwo] B AEe] gdAe] dsEHA

o|\
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Discussion

Isoquercetin (quercetin-3-O-B-D-glucopyranoside)< rutin
(quercetin-3-rutinoside)s} A A 21&E<] EAS= quercetin
o] wigA =X LA vk, AL (desculus hippocastanum,
Horse chestnut), F2F-2 o}-F#| o} F2~(Ruscus aculeatus,
Butcher’s Broom), 28U (Ginkgo biloba, Ginkgo), A%
AFUE(Hypericum perproratum L, St. John Wort), 24|
2] (Vaccinium myrtillus, Bilberry) 52| 2]<k8& 2]& # o}
yeh, A4, #Y, 5 2 AE Tl o AR Ao,
el A quercetm__i Agke]o] F5]7] Wil quercetin
I} 5L TS HYERAINE, FFE°] quercetin Ko} =
7] wiZell quercetin EU‘r ”* 51872 Abstal .
3l7)o| = S]] AgolEE T

UP rutine §4>(a-L-rhamnosidease)
o A&

Isoquerceting 25 %
U] = 'L]’_EHEi
gl ste] Az, “enzymatically decomposed
rutin”o] 2}l SFm ARESE el whE} 95-99.5%9 =k
E 2t B =RolXe 98% ©)/de] AE isoquercetin
= Tt ARSSEA

B ArE 1soquercet1n4 LAEA =S Prtshr)
$3ted Y= AL isoquercetin®] quercetin®] B G| o] 2
2 quercetin?t H]wat] A|FS FAT FHAFES
fritsles 71do] teFste] B7HE 9138 endpoint marker
= ositt. =W 2 ICH (International Conference on
Harmonization) 7FO|=2F12 in vitro BFE|E|OlA F7
2} &Aool ¥A (mutagenicity)S, in vitro EF5E AE
FollA FAA| o] 25 (clastogenicity) = PR
EU]— /{—“Ezoﬂ}\i BZ]O] °J/\‘] ‘:ﬂ Oﬂ}\ﬂxﬂ ]}b]— _ﬁ_%‘:.%
223 in vivo ARIFAIEAA A58 = (clastogenicity)
E= DNA &% 55 S35t %‘Lu”q—o—i B7tet=E A
QF&FaL ST}, Isoquercetin®] F-d 54 H7F A= AlgH4
ol quercetin@ | in vztrooﬂ/ﬂ FdAFNI vuHE vf
Qornzg B ALRGNME in vivo AZEoA ] Hrle] FH
3tk wEkbd DNA £4-8 H718HE Comet assaysS
ARE-ste] mhe-20] 919} ZhollN {HEAS H7bek AL
FAA AFE Hrlehs 2FYAFES AREste] -2 o)
Hx %’“Oﬂ/ﬂ FA54E Bretdt. v E AR
18 ollA] isoquercetin?} quercetin®] 71
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