J. Toxicol. Pub. Health
Vol. 18, No. 4, pp. 349-354, 2002

AHET'_' = E—l’E_l_Ol

A - Po} - o}y’ -

2
SRR

SEAQ DA-60340 CHEH FMESA|

- 292 .

AR YA

Bk #7
AT . o FW - HAT' - HYE!

L ENCORESS

Genotoxicity Studies of DA-6034, a New Flavonoid Derivative
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ABSTRACT : Inflammatory bowel disease (IBD) is a multifactorial disorder with unknown etiology and
pathogenesis. Eupatilin, a kind of flavonoids, has been known to be effective for chronic diarrhea in Korea.
In this study, we have investigated the genotoxicity of DA-6034, a new synthetic derivative of Eupatilin,
using in vitro and in vivo system such as Ames reverse mutation test, chromosomal aberration test and
micronucleus test. In Ames reverse mutation test, DA-6034 treatment at the dose range up to 5,000 ug/
plate did not induced mutagenicity in Salmonella typhimurium TA98, TA100, TA102, TA1535, TA1537 with
and without metabolic activation. Any significant aberration wasn't observed in chinese hamster
lung(CHL) fibroblast cells treated with DA-6034 at the concentration of 5, 2.5, 1.25 mg/ml both in the
absence and presence of metabolic activation system. In mouse micronucleus test, no significant increase
in the occurrence of micronucleated polychromatic erythrocytes was observed in ICR male mice.orally
administered with DA-6034 at the doses of 2.0, 1.0, 0.5 g/kg. These results indicate that DA-6034 has no
mutagenic potential under the conditions in this study.
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Flavonoids 3}3rE-2 A Exjeko 2 wpeo} ofd) 0 &
B 5ol FgA EA e f=A7 duiA 9l
°]E‘ 32 et Ahg, shatel A A8, WA 243t

4, 32 g F o deA] 28, Fdzhe, 3l
34“—}'9‘ gkt AEEAEl EaeT glem, 247
A gl s d7FA Qlvi(Lee ef al., 1998; Jang et
al., 1998).

“]"‘4 dZ&AddlAked 2 2k(Inflammatory bowel disease, IBD)

2. FoFAd  ohAr (Ulcerative  colitis)® =2 ‘%‘(Crohn $

dlsease)_i FHEE A Al AR o2 B
TFAEN &3] 7=l glout o]jgl el % ﬁ
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3laL o] Azke] Welw) wejAle] 3 S33q] A8y 43
3] BEE Aelo|oh. S0 of3ste} 3 EA S HHES
ExS 2 nhdAlgke 2 277} 2|88 9351 IBD A
< "kl wkek M 858e] gl Aol I el
E HRIRI© 7] ZolR| L Qi FAo| B2 JA-oklA &
Alo] 31FF A ¢k (Son et al., 1998; Lee et al., 1998).
DA-6034%= ZFolA| 2k GF)ellA A3 Al 2% flavonoid
ol eupatilin®] FAHFEANEA 733 AR F A 2HE-&
ehlls et (Lee er al., 1998). DA-6034= G4
A 3 Z]E-/“ﬂ Alel FREROZAM GESA AAS
Yool TNBS-Induced IBD model, DDS-induced IBD
model, acetic acid-induced IBD modelollA] prednisolone
B} fAksE 8858 Jel9 3, sulfasalazine BoF 5
3t 8-S Jepligl e, ojeigt ¥ AHFFode AR
o], AHFAL 2rellA] Y=k Son et al, 1998;
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Jang et al., 1998; Kim et al., 1999). Alte] &2 33}
FFUYE= HLA-B27 HA2E A7) e gErsel
HLA-B27 transgenic rat modele}4 65 F<34] predniso-
lone R} 03k EHE Uel 53] A=
43t 2388 JePNITHKIm er al., 1999). 954 A
o) 95 28 27 M AT Sl e
™, flavonoid A1Y ZIME-E°] 2k S-lipooxygenase A
A2 A BE 2R8 5o) #4S Jehlgien
A5} B signal trasduction pathwayol| 412} oJgke
AT Foll U

2 A7elME oA GFeIM A5 A3 A 8A)
2 /s DA-6034%] W S Yo
Salmonella typhimurium T35 ©]-43 BFEdH A,
Chinese hamster lung fibroblastZ ©]-8-8; YA o)A &
9 ICR vh2e] FPMEE o] 43 2N L 2 FF
o] SAAE A FFEA A A 1999-6135 )]

A R 826 A Asdeled Sasisc,
IL A= 2 ey
1L ABEE ¥ A%t

2 Aldell AFEEE DA-6034% Sl ek (F) ATAeliM
AzE £% 99.5%2] xabe] A4 $EEA 7Y47)

2 el Baksle] ARSI A1@E] DA-6034,

E e R Eedle & B4 ot DMSONE B
RS 7k glo). 2y DMSOe) S35l A|3EA o] )
79) i whd A9 AAES JAshs Adke] g,
EAEQH A8 G o] Aol M= wloF 2l Alg
Aol oj2go] s ALZ Fhsle] AIFEAS 01N
NaOH(Sigmayell Z3-8-sjA17. A1@E2E 0.1 N NaOH
ol 23Hg-alg 739 pH =3 7.0 717 A2 A1
ol B|A3= dFFS HAssha, S oM pH WS
7] 28] fu)el 0.1 N NaOH =jAlell PBS(phosphate
buffer saline, pH 7.0)2 3|A3le] AR&3lgde}. vl AE
o]-83t A3 A| ol A= A E- Q] 5% HPMC(Hydroxy-
propyl Methylcellulose, Shin-Etsu Chemical, Japan) -2-Y
22 PEAA B3 FER 3)M3le] ARgslsdc

e

o

2. Salmonella typhimurium @F2 0|&

OlAIH

D AEE 7

Al&ell A8 Salmonella typhimurium Strain TA9S,
TA100, TA102, TA1535, TA1537 = A]3E0)kEqlAl A
oA wl= AE]E ol B. N. Ames X2 HE] 24

Hopato} Atujeksle] —80°Coll M3t Fold FHZ Heok
who} ARgslodT) ZF = B A)8el] A histidine &
T4, crystal violet ZHA, UV Z3Ad, ampicillin YA,
ApREIEdo] AT o $A4 B4L Falsigct.

2) AE=E ¥ UxEF

DA-6034= #32-8-3S- 5,000 pg/plate= 0.1 N NaOH®]|
48] A17] F PBSE UAT -F0|(X 1/2)2 3]A43le] 5
A2 =E At AHERL] Aol 0.1 mi/plater}
HES 2AsG. v SAAEE R 5,000 ug/plated] 5
Eol|A A EA 27t MEFAE Holx| oo} EAIY
Mol FHirgEe AdAsgct. JFHHEEA F sodium
azide(SA, Sigma), mitomycin C(MMC, Sigmay= 3%} 3
Fll, 9-aminoacridine(9-AA, Sigma), 2-nitrofluorene (2-
NF, Aldrich), 2-aminoanthracene(2-AA, Sigma)y:= DMSO
o galele] ALEsISATt,

3) SHEHHO[AIH

AL Ames W (Ames et al., 1975; Maron et al.,
1983, Kristien et al., 2000YS 313} 20l F£dlod Wl
A =7} & preincubation W2 $al3lgicl. ~80°C
2] DMSO $72XES 7t #FE 3%5A)1A nutrient broth
(Becton Dickinson)el] &3} ¥ 37°CellA] 10A]7F Z<t
1803]422] &2 zleknfoksiadet. ZF 75-2] wioked 0.1
ml, 72t 559 AFEA 0.1 ml, J4EEN(0.2M pho-
sphate buffer, pH 7.4) 0.5 mi&- A7}sle] #3138 § 37°C
water bathollA 3033} preincubations st o] = o
A s M= glabekzel 4] rate] S-9 &8 (10%
v/v, Oriental Yeast Co. Ltd.) 0.5 mi& H7lslget. o0 &
top agar 2.0 m/3- 3713l 2 £33t ¥ minimal glucose
agar platecl] 331 37°CollA 48A)17F vk ¥ B o)
24 £ At 7o ASsAs) E AlEEe A
A, 29 A2 AA AL o] g3l 40u)2] wiE=
BE Yol BEE WA, 7 45 7 39 EHolE
£ AR AldEE S AEYs BE FollM S o]
A7t A Ze vlsle] 2v) o)Ak Zrlsla, Sake)E
S Holu] HAgE F71E Hole 7% oF 2R sl
R, SANELT 4 S Abelo] 248 Kruskal-
Wallis tests ©]-&3)] A8l o}.

3. ZRF HLMES 0128t HAUNO[HAIH

) AEHE M=ZF

Algell AM8-¥ Chinese Hamster Lung Fibroblast cell
line(CHL)>- A1 &o8hal o) fefjsho @ e Hofitol 3
AR F AlgdEtarg ] dakelstd FaelA fxsh



A& AH3lgYE. NaHCO, 2.2 ¢, 1% Penicillin-strepto-
mycin®} 10% fetal bovine serum(FBS, Gibco)o] H7}€
Minimum Essential Medium(Gibco)& ARSI, 5%
COy} 355 37°C vied7] WellA] ikl s v 2~3Y
o} 0.25% Trypsin-EDTA solution® 2 At s e¥s}elct.

2) AlEE22 ¥ ==Z

DA-6034Z 0.1 N NaOH®)| 50 mg/m/ 552 4388} A]
HEA dNS 243 F PRSE A FH|(12)= A8
of ARgElom, wiofdel HrpEE AHEAL FE 5
7} 10%(vivyt H =5 sl ok Al EAL] A2l EE As)
7] $13te] M ESAIA U] = Neutral red tests S9 E3F
oW (10% v/v, Oriental Yeast Co. Ltd.) &)5}e} HAljs}ollA
Azl M2l Haeeel 5mgmelr FAdo] vehiA|
Aol o] & BAIY] Hrg®R AAY. H e E E
ale] dAsE F0](12)2 3A3led 3xbA| 9] A|FEA A =]
T H N ET, S RTOE AIYES TAsle] S
ule} 749 EepamE ANt A AW FAEEA
ol Mitomycin CMMCY= 33} S-5f], tAREA e A}
4-5)3= Cyclophosphamide - H,O(CPAy= DMSOel| 4-35}eq
#2557} zHt 0.03 pg/ml, S pgmit HES ARl

3) FMHO|MAIY

25 cm® Zekiawt 1X10° A ES 5 mie) s es g
ZE3led oF 347 wiekst ¥, 7P WQl AR ESA A
4 Aele] A9 AAgk wickd 4 ml, AlEEAS 0.5 ml
2 S-9 mix 0.5 miE £5, A 5 mie] HEE Aol
onf, 2ol AR EAA v|HE He]e] S Al
AgE skl 45ml, AFEAN 0.5 miE E53le] 4
5mie] HEF 27 HelEsivh. AlPERE M=
A7, AR 6A17E 2 24417 B9t ALk, 617
B AREASE AEshe AT AREs Al Ay
< AABEAL AAgt vk o2 wgkste] 18A]7F ©f ek
e, RE kg ds TEEVIME A 2417
Hel colecemid® HEEE 0.2 ugmlt H%5F Al
AlFEA Al A F 24417kl BEZIIHNEE A8
Aot $AZ BIAFTHNES AN (0.075M KCHeE
37°C FE24A 1587 A2 F 4E Ay EEd
(HIZAE =301 vv)2 R 33 TAAF F G A BB

i

=
& 73 5% Giemsa 94 F doujAos A
7+ FEE 200000 e ERE AR s,

At S 99 FEosh SR 2 vhre) A4st
Gt(Ishdate et al., 1977, Ivett et al., 1989).

F23 o)A FAA| (chromosome) ©]AF2F o 4E-A
(chromatid) o]Atell el Z-2hS- Z<3] (deletion), 21313]
(exchange)®. 2 B-FA| 53l aL, o] A57]AF W A o
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o] vl=E gapS EFIE A-$ot AlQd A$-E Wrlst
Aok 44 oA FYAlel) we} diploid(DP, 23-36 4
A)), polyploid(PP, 37<59A]) % A Ww3}ER, endored-
uplication)® -7, 71 5 7|E3lAct. GAA o)L 7}
2 2o F714e] lxrt SAW R vls] A
2 fel oA el oz Zoe, shiel Ak &
FA A APAASUA FAH-S JeRE A e E
TR, SAXEMYeREE o|AFTIAe] HlEs}
(PP + ER)®| &3l =ol o3t Soli 27 A ER A=)
T 2 SAUWERES AR F9xE o AR
& o]83e] HAT

4, Ol

7]
]

0| &

re
B>
_I:oll:l
z
o

T M=Z

H dEs=E

SLC jit (Japan)2F-E] 470 67% ICR »M-2F T3}
of of 257ke] A Wl F3|7E A Z7ke SENS
Adbsle] ARESIAT. ARSRE 2 &5 2242°C, Al
501 10%, 37134 12~183)/hr, 2 12417}, &% 150~
300 lux® F-2]3193-2™, polycarbonate #|©]#] (200X 260
X 120 mm, G)AA o] DElT] A2hell ARSARR} 2 50l
A ARSI AFRE ARSES YA G)FERVE
gohyE A EAPE HEte] AlHwolsislon], S A
FESE 20 (autoclave)dte] FF31G ).

2) NEEd 9 xS

DA-6034%= w354 A ellM Zo A6 (Minimum
Tolerence Dose, MTD)e] A5 kg 5 g |22 AAH
aent, AlHEAL] Eeld FoigtAle) 39 d&FAR &
79 & Folfako] 5g/kg BWE 97 o] FASAY
ARE o]8sl7]d EFsER H4HE 2 gkg BW
= AR g Lg Bel Hgt Senvt werns
w454l 5% HPMC(Hydroxypropylmethylcellulose, Shin-
Etsu Chemical., Japan) 2ol a}$-2 A3 kg 3 10 ml
2] FI7t =% desle] AREEIYE pduEEA
MMCMitomycin C, Sigmay= 32} S5l o] vl
A%F kg T 2mg/10 mie] &3 A3l AME31ITH

3) ASHAIH

X132 Schmid ¥ (Schmid et al., 1975, Gopala er al.,
200001 ot AABki). T s Egsle] dAs 3
B](1/2)2. 3)A43led 3chA| 9] APEAFAT P SAUZE
T HNETS Fol & 9 HEIE Algssich 54
Q2o FHANE Foslodn. AHERS] Akas
o u}E J3S A3le] SANZTI AP EAFATE
19 13], 3947 AFFd8 F FEFo 2447t AT Fol)

F
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AAE Ay, HdELS BE "'}5]-‘:%4 +
24712 A ZAAE A=FeRiT) ‘Hﬂ:‘ W5 FBSZ
Ao ZFAE Al S Aol L, % ’HTEI(I,OOO rpm,
5 min)gled AN E HD F HF A & Lefo|=F
2of Ebsle] A7z F dekgolA SE 3 sle]
Giemsa F4& 3t 2 WA Wb 3e)4 Eete] =5 A
2ksle] 1000809] 3538 w])7 (BX40, Olympus, Japan)2-&E
BHHTL, 29 ASE 2 AR T 200009] S
%8 (Polychromatic erythrocyte, PCE)*l tiajA] 43 <]
75 7438t 1000712] PCEel 3t Aot g =3+
(Micronucleated Polychromatic erythrocyte, MNPCE)$]
SIS T SRl AR FA AR RR
A3 FPCEP] 3t A 34323 F-(Normorchromatic
erythrocyte, NCE)?] Z8n =% F33ict. &8 oo &
AL adoddHE T o SA R fel Al
4% oA o2 s, shyt °l*‘9/] LA A A
BAUA Fgurge] e H9E SR o] ole
32 F [T F odd AY ) 30%03E =S
£ 275 A 5o MESA ] sl A3

Im. Z3 %« ng
1. EHESHHO| 7Y S (Table 1)

Salmonella typhimurium T35 TA98, TA100, TA102,

Table 1. Reverse mutation test of DA-6034 in Salmonella typhimurium

TA1535, TA1537% °]&3led 4803 DA-60342] Ames
test 235 Table 1] AAIE}ATE #3285kl 5,000 pg/
plate EZ3t 2,500, 1,250, 625, 312.5 ug/plate®] Z=
FxolA] A3} of Hel AAgle], DA-60345 A
g RE AlfFellA AEA 7} =R gkt =3 &
A 277 vlasle] A|REAA e E 9loA E2Y
o] F7t 9 AIFEA T Sl e SeEH F
2] o R WAFA daton, SAREZEH 7 A
FEA G Alole] F9A sl zlol7t 2HA] Ak
o} =3 8uiE2 (0.1 N NaOHyRH: A=]gh SAH 2]
T+ APEEFEA] £2)9 v|aale] folgk X vEl
WA gokowm 7 dof dgh pdNEA] =3t A4
z2)e] 24 o)ifez B A|Fe SAYRA 2 JHAdE
o) eA7F AHTS Felsldd. wWeEkA DA-6034=
Salmonella typhimurium #4535 o148 BFEd oA g
< B8 +A5AE Hriet @4 HolgdAde] gl AoR
Ata .

2. QM| O|AMA| & (Table 2)

DA-60342] GAjA| o] 4218 AFHE Table 200 AlA]51%
o} £33 200002 A2 ¥ 71 GAAE st
A}, HIE 5,000 ug/plated EF3F 2,500, 1,250 pg/
plate®] B FxellX djAHEAI S} of el AAQlo]l, DA-
60345 A3 ZE ATolN SN vl

Concentration

His+ revertant colonys/plate

S-9 mix Compounds
(ug/plate) TA98 TA100 TA102 TA1535 TA1537

Vehicle 0.1 N NaOH 1242 131x7 352+12 8+3 1412
3125 14+1 143+24 309+30 9+2 8+3

625 14+£3 114+11 331+10 12+1 10x1
$-9 mi DA-6034 1,250 16+2 129+3 351+12, 102 6+2
; (_r;“x 2,500 12:1 12622 350+2 942 9:1
5,000 13+1 1177 360+12 10+4 5+2
compounds 2-NF NaN; MMC NaN, 9-AA

Positive control  concentration (Lg/plate) 10.0 5.0 0.5 0.5 80.0

No. of colonies/plate 212431* 825+39%* 1,459+390* 162+10* 400+42*

Vehicle 0.1 N NaOH 256 141£12 44840 10£5 17+3
3125 26+3 127x14 45620 102 144

625 22+2 13111 4516 72 151
$-0 mix DA-6034 1,250 18+2 132+6 438+4 742 18+2
) (+r;u 2,500 2042 138+3 452+10 62 11x1
5,000 182 162+13 510£12 12x1 1243
Positive compounds 2-AA 2-AA 2-AA 2-AA 2-AA

ontrol concentration (ug/plate) 05 1.0 5.0 2.0 2.0
No. of colonies/plate 91+6%* 406x62* 983+259* 53+16* 80+9*

Each value represents mean+S.D (n = 3); 2-NF: 2-nitrofluorene, NaN;: sodium azide, MMC: Mitomycin C, 9-AA: 9-aminoacridine, 2-AA: 2-

aminoanthracene.
*Significantly different from the control (P < 0.05).



Table 2. Chromosome aberration test of DA-6034 in CHL cells
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Aberration frequency (%)

Extra aberrations (%)

Concentration without(~) Time e Total

Compounds (ug/mi) or with.(+) (hour) Chromosome Chromaitid aberration . ' o
§-9 mix Del Ex Del Ex (%) = %8 POty endo

0.1 N NaOH 0 0 0 0 0 0 0 0 0 0

Media 0 0 0 0 0 0 0 0 0 0

1,250 0 0 0 0 0 1% 0 0 0

DA-6034 2,500 + 6 0 0 0 0 0 0 0 0 0

5,000 0 0 0 P 0 0 0 0 0

CPA 5 0 0 0 5£7.07%  527.07%  05:071% 0 0 0

0.1 N NaOH 0 0 0 0 0 0 05071 0 0 0

Media 0 0 0 0 0 0 0 0 0 0

1,250 0 0 0 0 0 05:071% 0 0 0

DA-6034 2,500 - 6 0 0 0 0 0 It 0 0 0

5,000 0 0 0 0 0 05071* 0 0 0

MMC 0.03 0 0 05:0.71* 55:3.54% 6£425% 052071% 0 0 0

0.1 N NaOH 0 0 0 0 0 0 0 0 0 0

Media 0 0 0 0 0 0 0 0 0 0

1,250 0 0 0 0 0 0 0 0 0

DA-6034 2,500 - %) 0 0 0 0 05:071* 0 0 0

5,000 0 0 0 0 0 15£2.12% 0 0 0

MMC 0.03 0 0 3.5+0.71% 0 0 0 0

*Significant different from control (p < 0.05).

0.5+0.71* 3*

Del: Deletion, Ex.: Exchange, ctg: chromatid gap, csg: chromosome gap, poly: polyploid, endo: endoreduplication, CPA: cyclophosphamide, MMC:

mitomycin C, The values are expressed as mean+S.D.

FAACE frolgt dAAe FRA |G W oAbl
TAE R dgk3, xele] GAA o] o] AlFEAL] FE
bl W £l VS HolA] 9Tt =3 extra
aberration?l| M= A|HEA 2] 7e] FAA o)A L5k
£ o2 F7RIA itk AEX R, AN oA F S
3l DA-6034°] +A5A-S H7ist 2, DA-6034=
CHL cellPl A A A| o] S His}A] o AoE BAH
et

3. 28 A| & (Table 3)
oA o]83 AN AF A A7 ES
DA-6034% 2 g/kg7tA] F13t B8 TEA £ AFEA

of 2% Aelehy QYR YHSY, BT, Al

Table 3. Micronucleus test in mice orally treated with DA-6034.

T FAFR] dokch w3t 7 Az fo)3t A3
sl ISR elgkel 4 bz st A=
Table 3¢ AAJsIA}. 1000702) SFgAI-AEFPCE)) o)
g 49998 ET(MNPCE)] &35S 73 Az
EE AEEATA TN SN ZT vle] f2l3 F71
2 AP EAS] 4 & FR= HEHA| Yo F
Al G- ET(PCEP] W3t AGAHFEF(NCE
SRS T AF AYAAAETNCE® 71 ¢ o
HAAYEF(PCE)] Ayl #A= R oo} F5A| 2] 2
AR EA} gle AR AMREL, £F SAdERT
3 vlwale] FAsle Aol WAHA] gt ufebA
DA-6034%= ICR vF-25 o83t &3AlgE B 4
=448 s Ax ARl de Ao Alsdch

2 d7eliME 954 ARG AB8AR AEF DA-

Compounds  Dose (g/kg B.W.) Route  Frequency of admin.  Sampling time  No. of animal MNPCE* PCE/PCE + NCE’
5% HPMC 0 i.p. 3 72 hr 5 1.6+0.4 0.534+0.015
0.5 i.p. 3 72 hr 5 2.7+0.8 0.539+0.012
DA-6034 1.0 ip. 3 72 hr 5 1.9x1.2 0.562+0.029
2.0 ip. 3 72 hr 5 2.5+0.5 0.562+0.014
MMC 0.002 ip. 1 24 hr 5 12.9+2.3%* 0.459+0.007*

Each value represents mean+S.D.

‘MNPCE (Micronucleated polychromatic erythrocyte) was calculated from 1000 polychromatic erythrocytes (Mean+S.D.).

PCE: Polychromatic erythrocyte, NCE: Normochromatic erythrocyte.
*Significantly different from the control (p < 0.05).
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60340l &t HAPYANANHEZA Salmonella typhimurium
TFE o83 EFSdHoAY 2 ER5F Wik ES
o]-§3t HAA | YAIE, ZBIL in vivo AIRQ vH-E
o]- &3t 2] FAFAA P s3I o] 2
A5 B3le] DA-6034= FAFAS s de 7S
2 Ao

2tAtel 2
o) TEL 20004 % Mot YA Tulo] 23}
o SaEgon, Al £ T4 FoMGE) AT
xo) FedA =R,

#12
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