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Anti—clastogenicity Study of Ellagic Acid — /n Vifro Chromosome Aberration
and Micronucleus Assay in Chinese Hamster Lung Fibroblast Cells and
In Vivo Micronucleus Assay in Bone Marrow Cells of ddY Mice

Hye Young Oh, Jong Won Kim, Chang Hwan Park', Eui Sik Han,
Soo Jung Sohn, Il Hyun Kang, In Sook Kim and Kwang Won Ha

Genetic Toxicology Division, National Institute of Toxicological Research,
Korea Food and Drug Administration, Seoul 122-704, Korea,
'Department of Microbiology, Hanyang Universtiy College of Medicine,
Seoul 133-791, Korea

Dietary anticarcinogens/mutagens have been demonstrated to significantly reduce the
incidence of cancers in animals and humans. The ellagic acid (EA) is a naturally occurring
plant phenol which has been shown to reduce the carcinogenicity and mutagenicity of a
variety of carcinogens, including A-nitrosomethylurea, benzo[ alpyrene, aflatoxin By. The
chromosome aberration assay using cultured mammalian cells is one of the most sensitive
methods to predict environmental mutagens and/or carcinogens, and is a complementary
test to the Samonella/microsome assay (Ames test), and the /n vifro micronucleus assay
is a mutagenicity test system for the detection of chemicals which induce the formation
of small membrane bound DNA fragment i.e. micronuclei in the cytoplasm of interphase
cells. The /n vivo micronucleus assay, which examines metaphase chromosomes from the
bone marrow cells of rodents exposed to a test chemical just before sacrifice, is a powerful
tool and cytogenetic assay. This assay may be used to detect damage to actively dividing
cells not only from experimental test substances, but also from their metabolites as they
are formed within the test animal. In this study, EA was treated in chinese hamster lung
fibroblast (CHL) cells using /in vitro chromosome aberration assay, in vitro micronucleus
assay, and in ddY mice using /n vivo micronucleus assay for their inhibitory effects against
mitomycin C (MMC)-induced genotoxicity. The frequencies of chromosome aberrations
and micronuclei were found to be decreased following EA treatment. On the basis of our
results, we found that the EA had inhibitory effects on MMC-induced genotoxicity and we
concluded that these test systems are useful and sensitive for screening of antimutagens.

Key Words: Ellagic acid, Anti-clastogen, Anti-mutagen, Chromosome aberration

assay, /n Vitro micronucleus assay, /n vivo micronucleus assay
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Mitomycin C (MMC)= 0|7} LZStH 2 A oxygen
free radicalS MA3t0{, DNA adducts EAsHH,
cross linking agent2A1 DNA &t 53 |RMAIEA
B40|, GMTx0l|A, XtojHAME R wat

™M™ MZHmouse heritable translocation) &, %

AHdominant lethal) & 52 E0I#0lE 7
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Ellagic acid (EA), mitomycin C (MMC), dimethyl
(DMSQ), 3-(4,5-dimethylthiazol-2yl)-
2,5-diphenyl tetrazolium bromide (MTT)= Sigma
Chemical Co. (St. Louis MO, USA)olM, Eagle's
minimal essential medium (EMEM), fetal Bovine
Serum (FBS), phosphate buffered saline (PBS,
Ca™, Mg” free)2 Gibco BRL (Grand Island, NY,
USAJOllAM TSI T 5o Al2 5 Al2kE At
&5t ct

sulfoxide

IFS2 ME= Chinese hamster lung fibroblast
(CHUZA Y& oUtEAE

28E 2ot ARBSHCE Modal chromosome
numberE 250|0{, MEF7|E 15AIZko|ct B vjt
W2 10% fetal (FBS)2F 1%<
penicillin-streptomycing Z&3st Eagle's minimal
essential medium (EMEM)S AR2StCh di = Al
Z&= 27 3Y olcl 0.25% trypsin-EDTASY S 0| &35}
of ALl RX|sI¥Ct 35 St 5% CO.E 35
5t= 37°C2| dual CO» incubator (Shel-lab 1845 TC,
USA)Oll Al B 2k E

bovine serum



Mol AlgolMe EAE AIEE Mol DMSOE ol

2 5lo =HEI%eH, BtIEEd2 AMEER =
Holl AgSt SF472 ALSSIUCE AW S
AEolME EAE F0ANo| S50 =50 A5t
Ydon, Buiti=E2d2= AEERS =Ho| Alsst
SEERS AMESIL, AEEXNT Boidz=EEe
10 ml/kgel EFSZ ZFFFOoIsICL LMHUNZ=EF
2  MMCE FARS  MejAg$o  BsiAIA
2mg/kg/10mie| 8oz SZF0{s3ct

£ MTT H|MStBEMES £33 PMEF. Mossmanzm
0

96 well platedll Zt well (n=4)g
50,0007H2| MZE 24A|ZF S 37°C, 5% CO, =/
oflAl BiSt = AEE=AD St Melstch 2
well2h 10 g2l MTT % (5 mg/ml)2 &7t5H0 37
5% CO, Tt M 4A17F SoF LEAZICH A3

H7H3tl DMSO 150 u& €2 chs 1082 & =38t
of 2IMES 28|A1Z] ¥ microplate reader (E-max,
Molecular Device, USA)E AlZ
oM SHEZE =HsIct

(]
O

5101 540 2 570 nm
RE ANgZo= MzE

Hi 251X 22 welldlM SHE SZTol tfslo 24
i on, EHTE ANEER XHaFHA 22 Ux=d
=82 Hasiyct EEEF hemo—

5) X BHYMES 0|&F FMHO|MAIH

EAE DMSOO| =¢l = M=Zu{j2k sfX|of 10%= |
Holstod MEZSHAMES AASIACE M ACHAlof
1§|5’- 24 well plated] 1 welld 1x10 ‘He| MzE T}

Eoto 2247k djst =, FF0{IEFC HiX|2l 1
mM_O_l SE2REH, 34| 22 5E+71|9| SEE dFA
Ch. 37°C 24A|Z+ vl ket = Dulbecco's phosphate
buffered saline 0.5 mIZ 23 MA3t12 methanol2
1027+ 1H45t0{ 5% Giemsa (in phosphate buffer,
pH 6.8)2 3087t FMsH £ sojgdoz #ESH
50% MEZEME Hol= &

oflH| SMA "M ZHE

a

1, 3H| 22 3EAH e S5 HAIEN £
M 2 EXStoM 24A12E3) 48A1Z2H AlEEEZ S

L5k 2OjtfEE2 2 DMSO HMalZnt 7|X|9|
Mil=Ze 47 xz|sto A| SIoict Aty 27

A4 60 mm2| petri disholl

[=]
M
o

™

o

1X10°/mIE| £ 2 ThEst0] 17 i UE S 247t A
HEX AMYZER 5SS TRete Hjydoz W

=h=gS o
a5l 224174 dif kst Tt Zk petri disholl colcemid
£ 0.2ug/ml EE£8 Me|st = 2A12F O vitstod &
AHd AM2|AlZto] 24A[ZH0 === SIUCE 0.25%
trypsin- EDTAZ MEE 22 % 37°Cel X ZtoH
(0.075 M KCI) 4 mlofl #E A7l £}Z 37°C =0
2027+ ghx|5i3ich D& MU (methanol © acetic acid =
t1)22 33 I™AZI F 50% R4 Xz2lsto] YA
ZE S20|=0 MEAMUS Hojea] HMA E
s o HxEHo=Z £2l0|EE M Erstoe,
5% GiemsaZ 3027+ GM50 sio|Fd2 2 HEstY
ct.

S AE SEY 10070e] MEZEY B\ o
(Carl Zeiss, X1000, Germany)stolM EE35H0 &
AHola FEE HEsIct FMHO|M2 Sofunis
(1989)2] Chromosome Aberration Atlasoll w2} 37|
T-Z0| & (structural
(numerical aberration)2 2 2&3t1, FZ0|A2 gap
(chromatid and chromosome gap),

nm H @

ruln ml

1, 37 7

o

on 1= oy

aberrations)@} =& 0|4

ctb (chromatid

break), cte (chromatid break), csb (chromosome
break), cse (chromosome exchange)2Z T-Z38+04
7|185iqct. xolMel ZRE 171 oA 2= MES
UMM E 1NZE HFotn O FFE U2 7| S5t
FMH =M 0|y i S =5t FMH oA
o £It BAEHoR RN U BB EHo=
BItotALE, it olatel EHTHAOA MM UA
UMuIS S LIEY S 2Hoz sict”

HUBHTE 7|ZCZ 5tof ofH|A|Eel 2 DE5ES
2592, EA9 F9 3H| 25 HEsIqct ofy|
EMAISOIM ZHE 50% MZESN T8 21D 55
2 5t, 3| 22 4t 9l £ E A SER siqict
ok BiitizF22 DMSO XM2|2z 7|x|ef Moy
=S 42t XM2lsto] AIESIRC CHL MZel E%
AYHS FdsCh AYHE CHL MZE Fd 60
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mme| petri dishol 1X10°/mI=|=2 mtEsto] 17}
Hiefst =, 242 Al =220 == 52 27
St iU o= WEHEI0] 24A|ZF i FSIRACE 0.25%
trypsin~EDTAE MEZE 22 % 4°Co| XZH(0.075
M KCI) 4 miof #EA|ZI ChE HEZ HAE2|5H3Act
I % (methanol : acetic acid = 3:1)2& 235 11X
AlZl = 50% ZA Mx2[sto] HEE2HE S2l0[Eo
HEAHUS Hoj=a HMH 28 2ED, 37|
HEHCZ £210|=5 HE S0, 5% GiemsaZ 30

I.

olc]

ZF =& Acridine oragneS 0| 3510{ ¥Mst =

|4 == g@&siolZ (X400 x1000)22

Ck. MMC 0.1 ug/mlE ARS8t

St AE s 1,0007H2 MZE
X400~ x1,000) HE= %

L

Ao
2 1o Mo

[
o

4 5Hs
o

stedn| A (Carl
Zeiss, f340(Z (Nikon,
X400~ x1,000)stol A  E=35t0{ small MN, large
MN, multi MN2 2 F235t0{ HESIUCE 23S St
IRz Mz 289 A0l <1/3 0[5t0|H small

{1
c:!'l'

MNeZ, 1/3 =1} <1/2 0|gto|
st on, AMS F I oA iKX= MEZ= multi MN
o=z FE5IUCE A

£ Cochran-armitage test&
A A™E t-testE Fdst{ P

A 549 o 02

o

<

T 554+5%, Hi7] 10 ~183|/hr, HEE &

th=7|, =% 3007500 Luxe| AtSEtd
oA Z2[FtEU0lE AMSAMRH70 W X 240 L X

2F 124124

El

r

H mm)oll 50F2|4 E0] AFFSIRICH 1725 dZke| =
st AMR7[ZE St Al FaEel Hst =t
A"l AFS3IR o, AFRE MEAR(F) dES=
MEE TS US| Bt ois sl At
720 S=5Ich £ YHFE AF20| 325
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MCSE A8 Mo| EA T30t F0{A[ZH
9| 23}, EAS| T340t FoiA|Zte 2IHE HI| ¢
5o EA 13 F0f &2 2 mg/kg/ 10 mI2 311,
o3l 18], 23], 330|on, AMj==Fel
MMCHZ|E 0AIZt2 2 510] ~24A|1ZF ~6AIZE MX
2|2} 0AlZE SAIXE], 6AIZE 24A12F FX2| SH%ch

i

ol
oL

L}) EA2l MMCR T A& Aol ofm 51 EAQ &
00| 2E 27| 9l MMC 2 mg/mIg 24F
0 0 2

5t ZAlof EAE 100 mg/kge 1 R
5to] =] 0.12] 5B S=& 13 Z7F0 ST

(4) B2ME E=29| M= Schmidel 2o iz

JLELE

-

STEZS MESICt FEH ofs) sME =
2o AZCLESo| 0.5 miel FBSE F¢stod 25
HEe = SFME ERHEES 1,500 rpmoilAM 5&7¢
Al Eel st ASHS HASH F ANMEH Z2FE
pasteur pipet2 2 Aol o LE2H HEAFAH
25t 2ol Sof "oy TUsty 7| BoM F&
5| AxAIZl Chs HER2o| 527F THSIQIct H=It

ot 22 S Giemsa2(Gurr R-66, pH 6.82] 1/150
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130 coHsttofetsts|x| @ ® 53 H 3% 2000
SHEIZ0IN 28S JE CIIMEET(mico-

nucleated polychromatic erythrocyte, MNPCE)2Q| &
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1) YA 2| HAUH 0| eHAIH

(1) SEEYS 2t ofy] MZ=MHAIE: EAS B
zZngszel 12.5p9/miE 21sE2 5H0] 6.25,

1
13, 1.56 ug/miel 4tk ST 2 ZHAMSI%Ct

(2) Mx<Q HMHO|AAIH: Table 10lAM EAZI
MMCol REE HMmolAe AT & e XIS A

g2k Zntolck. MMC 0.1 ug/mioll F=& FAH 0|4

3

Table 1. Inhibitroy effects of ellagic acid on MMC induced chrmosome aberration in CHL cells wtihout metabolic

activation

Compound (ug/ml)

1 I
ctg ctb cte csg csb cse pol Aber‘rant Inhibition
o I (o

MMC EA (%) rate’ (%)

0.1 - 13.33 7.00 52.00 2.00 1.00 1.00 0.00 75.00£5.10
0.1 12.5 10.33 4.00 32.67 1.67 0.00 0.33 0.00 49.00£9.42 34.7*
0.1 6.25 4.00 3.00 27.33 1.33 0.00 1.00 0.00 36.671£6.94 51 1%x
0.1 3.13 5.33 2.67 32.67 0.00 0.00 1.00 0.00 41.67+£2.05 44 4%
0.1 1.56 3.33 1.00 51.00 0.33 0.00 0.33 0.00 56.00£4.90 25.3%

- - 2.33 0.33 0.00 0.00 0.00 0.00 0.00 2.67+0.47

Tc’[g, Chromatid Gap; ctb, Chromatid Break; cte, Chromatid Exchange; csg, Chrmosome Gap; csb, Chromosomal
Break; pol, polyploidy; aberrant, aberrant cells. *meantstandard deviation (n=3). "Inhibition rate: 100-aberrant of

sample/ aberrant of PCX100.
*P<0.05, **P<0.01, t-test

Table 2. Inhibitroy effects of ellagic acid on MMC induced micronuclei in CHL cells

Compound" (ug/ml)

Type of micronucleated cell

No. ce||§r Inhi?ition
H (o)
MG A Small MN  Large MN " Mmth MN rate” (%)
(<1/3) (1/3~1/2)
0.1 - 75 11 17 103+1.5
0.1 125 17 2 4 23425 78xx
0.1 6.25 23 12 39+9.1 625 x
0.1 3.13 37 15 58+8.0 A
0.1 1.56 35 14 6 55+5.1 475
- - 4 0 0 440.6

"Meanzstandard deviation (n=3). *Inhibition rate: 100-MN of sample/MN of PCx100

*P<0.05, *»xP<0.01, t-test
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Table 3. Inhibitory of ellagic acid on the MMC (2 mg/kg/10 ml) induced MNPCEs by different treatment times of ellagic
acid in ddY male mice

Compound' Tlreagment Treatment MNPCE' PCE/(PCE+NCE)" Inhibitioi?T
time* (hr) number (Mean£S.D.) (Mean£S.D.) rate (%)

Qil 0 1 1.00£1.00 0.4940.00
E+M -24 1 60.3319.29 0.49£0.01 -8.38
E+E+M -24, 0 2 81.00£7.00 0.49£0.01 8.38
E+E+M+E -24, 0, 6 3 35.00+8.66* 0.48+0.04 37.13
E+M 0 1 46.00£2.65* 0.4710.04 17.37
E+M+E 0, 6 2 36.6715.77*% 0.47x0.02 34.13
M+E 6 1 43.67+14.36 0.49£0.01 21.56
E+M+E -24, 6 2 51.00%+4.00 0.49+0.01 8.38
MMC 0 1 55.67+3.21 0.47£0.02 0.00

™M, MMC; E, ellagic acid; MMC, mitomycin C. IMMC treat time, 0 hr. "The number of micronucleated polychromatic
erythrocytes (MNPCE) was calculated from 1000 PCEs per animal (n=3). The percentage of PCE in 1000 erythrocytes
per animal. NCE, normochromatic erythrocytes. Mnhibition rate: 100-MNPCE of sample/MNPCE of PCx100. #Dose;
MMC, 2 mg/kg/10 ml, ellagic acid, 2 mg/kg/10 ml

*P<0.05, **P<0.01, t-test

Table 4. Inhibitory effects of ellagic acid on the MMC-induced MNPCEs in ddY male mice

Compound (mg/kg)

MNPCE' PCE/(PCE+NCE)* Inhibitioin
o\ I
MMC EA (Mean£S.D.) (Mean£S.D.) rate (%)
2 - 1.20£0.8 0.48+0.03
2 100 46.0£10.0 0.49+0.02 32.6%
2 10 34.0£8.5 0.4910.02 50.1*=
2 1 52.8+£10.0 0.48+0.01 22.6
2 0.1 62.617.3 0.48+0.04 8.2
2 0.01 65.6+13.1 0.49+0.01 3.8
- - 68.2+12.0 0.47+0.03

"The number of micronucleated polychromatic erythrocytes (MNPCE) was calculated from 1000 PCEs per animal (n=5).
*The percentage of PCE in 1000 erythrocytes per animal. NCE, normochromatic erythrocytes. ' Inhibition rate: 100—
MNPCE of sample/MNPCE of PCx100

*P<0.05, **P<0.01, t-test

S EA 125, 6.25, 3.13, 1.56 ug/mlS SAIH 2|5t (2) YA} 2BAIH: Table 20141 EATL MMColl &
S W 22} 34.7, 51.1, 44.4, 25.3% AH|5HUCH TE gy s dHe + A XE g 2ol
Ch. MMC 0.1 pg/mioll 7=& 2sigds EA 1

2) M2l AAH e >
6.05. 3.13. 1.56u0/mS EAIHZIEGS o 242t

EYHUES flet oy MESHAE: 4Hel & 347, 51.1, 44.4, 25.3% AH 5t

Ao Mo Zutet B|WE 9I5| EASl HF

Aol 12.5ug/mE EHLASEE 51| 6.25,
=

25t (1) ol SdAREE S8

= —

3) MU 23AE
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1 NMelsk 28 &4
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