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Root Extract from Ixeris dentata Nakai
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ABSTRACT : Ixeris dentata root were extracted with methanol and then fractionated with n-hexane,
EtOAc and BuOH to get active fractions. and their antioxidant and antimicrobial activities in each fraction
were determined. Ethyl acetate fraction of Ixeris dentata root showed strong antioxidant activities, but
aqueous fraction did not show any activities. But in the antimicrobial test, aqueous fraction showed strong
antimicrobial activities except to Escherichia coli. especially, aqueous fraction showed the strongest
activities against Hypocrea nigricans. and butanol fraction showed the strongest activities against
Cladosporium herbarum. This study was performed to determine the antimutagenic and cytotoxic effect of
Ixeris dentata root methanol extract on Salmonella typhimurium TA98, TA100 and cancer cell lines using
ames test and cytotoxicity assay, respectively. Cancer cell lines include human lung carcinoma(A549),
human breast adenocarcinoma(MCF-7) and human hepatocellular carcinoma (Hep 3B). Futher fractionations
with hexane, ethyl acetate, butanol and water from methanol extract of Ixeris dentata root were performed
to obtain effective fraction, methanol extracts showed 79.94% inhibitory effect on the mutagenesis induced
by N’ -methyl- N’ -nitro-N-nitrosoguanidineMMNNG) against TA100, while 89.99% inhibition was observed
on the mutagenesis induced by 4-nitroquinoline-1-oxide(4NQOQO) against TA98. In the meanwhile, butanol
fraction showed 89.92% and 71.01% inhibitory effect on the mutagenesis induced by benzo(a)pyrene(B(a)P)
against TA98 and TA100, respectively. Ethyl acetate fraction showed the strongest effect against A549,
MCF-7 and Hep3B at the same concentration compared to those of other fration.
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(Aldrich chemical Co., USA)ell =] A3l A3

MIZZ= HHS

2 Ao olgd AEFE AERZ #HY AEFAI
A549(lung carcinoma, human), 3% AEF MCF-
7(breast adenocarcinoma, human), 7+t A|EF2 Hep
3B (hepatocellular carcinoma, human), AYAE2+=
ZFAEZFQ 293(human embryo liver)& Korea Cell
Line Bank (KCLB)ZH¥H T3t & APHoM i
BhEA Ao AMESIETE. AS49, MCF-7 AXF&
RPMI(Gibco: Grand Island, NY) Medium 1640 E3hj
X (13 RPMI lpack, NaHCO3 2g, Hepes 2g,
gentamycin sulfate 0.057g, serum 10%(v/v), pH 7.
02, Hep3B A5+ DMEM(Dulbeco’s Modified
Eagle Medium, 1% DMEMlIlpack, NaHCO3 2g, Hepes
2g, gentamycin sulfate 0.057g, serum 10%(v/v), pH
7.0, a8z 293 MEFE= MEM(Minimum Essential
Medium, 1% RPMI 1pack, NaHCO3 2g, Hepes 2g,
gentamycin sulfate 0.057g, serum 10%(v/v), pH 7.0
7.2)& o]&3ste
Purchase, NY)&
Z} v Az

10% fetal bovine serum(Intergen,
A7Vt 37 5% CO29 ASA1A 2+

Ao|g A1

1) DPPH free radical 274ol] 28t aitatatM

A4 UL (Free radicalQ) 1, 1-gs@-2-9 =23}
o)= @} (1, 1-diphenyl-2-picryl hydrazyl, DPPH)S& AMH&:
3 arslEAd =AU (Xing et al, 1996: Choi et
al, 1993)& o83t 2 Alg#ol 4mle] HerS S
Yy AR 3ES T (1.5 371 o A7)
DPPH (0.15mM) £8E 1ml Hr}ste] AL 3087+
HS A7 | S17mmoll A FRE=E FA3CE o] df RC
solug/m)L BTEE AR L Uz #E 50%
FEAPIE BB S Ueion] 71Ee P4
A2l -tocopherol ¥ BHA®} v]uwaldTt.

2) go|M= Al

P e FAS ZA] $18He] Kobayasi 59 XA}
dolA]d wH (Kobayasi et al, 1996)0] wal ZAREH]
ok Aol tigk <t A8 WHTOR Racillus subtilis,
Candida lypolytica, Escherichia coliZ ©14st5t. 33
TS PDB HiA] 10mE 2 2% 25mm AT HF
sled 37 oA 12A1ZF F<F g wid(pm 100 AH=)3h
of oo wjokalg PDB wiA|e] 100¥i2 3]A{ste] 34t
A& AME3tETE Al8E 96 well micro assay plate€]
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o 3 gL AT ASE oA
(MIC50 : minimum inhibitory concentration) &
(Kim et al, 1997).

S, FBolol ik xapdel oA AlPE FHPFo
2 Aspergillus awamori, Asperigillus niger,
Cladosporium herbarum, Hypocrea nigricanss-<& A8}
fAoh. F3o] wld-g PDB Slantol]l F%o] Zzpre}l A
A HE vl (glucose 0.2%, yeast extract 0.1%. Na
HPO, 12H;0 0.37%, citric acid 0.1%) 2mlE #H7)}sto]
e e o2 A7) F%Fe] EXE YA o|E thA
gauze® A3 CE 1 oJFdg o] HAu|How HI
A 1x10°9 AP} #ZE wrkx] A8 & 96
well micro assay plateoll 100u% EF3}3ct. Zhzte)
AEE 1000ppmolA 8ppm AE7}A| serial 2-fold
dilution method® A|Z3}e] 30 oA UujFaaEA 244]
ol A3t thy dn)F g ¥APtolr) HeHE HA
FHFEMIOE SAH3ING
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(=2 |
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3) Ames mutagenicity test

SQWo| A Al AMES Salmonella typhimurium
9] histidine ¥¥2TA WHo|FE TA98, TA1009] T
THE ©°]&3t9 Ames test® /WHEF3F preincubation
Mutagenicity test(Matsushima et al, 1980)& o]-43}
o &ub BE 23 2 E2IES viE A9 97N
7] glass cap tubedl] Z+Z} S0 J}stm oJ7)d] w]g
TA culture®§=] (Difco nutrient broth 0.8g+NaCl 0.S5g+
FHT 100m)olA & wjdy FF 100 E 718t
™2 0.2M sodium phosphate buffer(pH 7.4)2 x|
o] 700u7} HEF sTE o]AE 37 oA 3083 o
H] wjeFskdth histidine/biotine] H7HE 45 9 top
agarg 2ml¥ Z+ tubed] B 3%7F vortexdti
minimal glucose agar plate’del] =U3ln HA 73AA
37 oA 48A1ZF wiFEle] A7) BH EdWo|(his+
revertant colony) T8 FA3sl EQ¥o|gdAe fRE
Ak

FEAYo| d¥] AlE @ wYEAL
ANQO % B(a)P& AHE3ITh. vlgl A9 dFAR
glass cap tubed]l %uhd ¥ F2E 2 EIEL 77}
50 %7teE b A 48] Fed ALdE B
AFHANA A2 S9 mixE 250u4 2+t H7E
ok o7l 3wt mldE FFE 10048 FUS 3
0.2M sodium phosphate buffer(pH 7.4)2 A a)eko]

MNNG,
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700u7} HEE 3Tk o]RAS 2083 preincubationdt
T histidine/biotine] H7H8 45 9] top agarg 2mi¥
Z} tubeo] B3 3Z3F vortex3}Il minimal glucose agar
plate’dell =3t B3 SAIA 37 oA 48A17F wi%k
3te] A7 B Edwol(hist revertant colony)FE &
Asle] FANo|YA Y 78 WTh

Edo] JA&He] AX(Inhibition rate)E o}ei<]
Aol o).

Inhibition rate(%)=100{(a-b)/(a-c)}

A7|A a= EAWHY o3 FEd EAEAR0lY
T, b AEE AMEFAS "o EAFTIWH|Y Fo)
o, c& EdWlYT AET}t g Y ARIEAEA
Hole] rolr}

T Ay AMEE B e FE2E E 2¥Es
Ed¥o] FUEAY xE 9848 Maron & Ames,

4) SRB assay

SRB(Sulfo Rhodamine B) #41%(Martin, & Martin,
1997)2 A3 dild GAE o] &3t AE FA ol
A8 3= WHeE 10% fetal bovine serum 2
Ztzhe] A EF(AS549, Hep3B, MCF-7)& 3&3l:
RPMI 16403 DMEM ®IRIZ 5x104 cells/ml X2
1002 ZF welloll H7Fsc}, 24217F B2k vk (37 5%
COJAIZI ¥, 0.2M °]3te] DMSOZ %1 A& 0.
125, 0.25, 0.375, 0.5mg/mle] H==2 100u¥ FH7}s}h
o 48AI1F B oA wigEtET. I F A5 9S
aspirator® ZAEHA AAS WFRASF 10%(w/v)
trichloroacetic acid(TCA)E 100u4 743 3 A7
U 4 oA BAE T FHRFE 3] P A0
A AZNZ F 1%(v/v) acetic acidoll =2 0.4%(w/
v) SRB &% 100« E 73] 302 S GAAZA
AE} AR & SRB AL 1%(v/v) acetic
acid §4o8 F3] P g, YA ARAZ F
10mM Tris buffer(pH 10.5) 1002 )X} Al o]
U GHAE FE3] =AU F S40mAA FHEE F

skl

SHEN

AYellM A Ao AP73 B (mean)d} FF
AAH(SEM)Z JEtden, o5 dolHELE SAS
(Statistical Analysis System) programs ©]-8-dle] FAHE
A& 3 ¥ Students test 2 Duncans multiple range
test2M 4}t
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ol B8 FE2E 2 285 i3 DPPH free
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Table 1. DPPH free radical scavenging activity of
root extract and fractions from Ixeris
dentata Nakai

Extracts and Fractions RCso (ug/mi)
MeOH extract 120
Hexane fraction 68
EtOAc fraction 12
BuOH fraction 39

Aqueous fraction » 200
a-tocopherol 12
BHA 14

Amount required for 50% reduction of DPPH after 30 min
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Hypocrea nigricans?I A= =72 Cyclohexamide
(13pg/m) R} 53 &4 (8ug/m)E YEIYOH,
Cladosporium herbarumdIA e F&-& F8E(8ug/m) =}
g FE5E(16pg/m)A 2T Q5ug/m)ETt -5
3 AL el wddl Ald 5% Bacillus
subtilis T M E EF BEER2ug/m)3 oFe}
AElO|E R E(125ug/ml)o] 53129, Candida
Iypolytica TFA thaliXs A BB (3ug/ml)7} &
= BIL(63ug/ml)o] 5893, Escherichia coli 5
o M= o AtAHC|E BB E(1250g/mD) 3} Ve
FZE0250ug/m)o] 5 BA4E ERIRI
3) HiH 2] FEE=2

HEerZ F&s2| &ut

Zuly) Ba 2329 Sddo] L A aYE 7
Edl7|e A olE #uid Bl FEFE AASE S
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ddo] ol Al date] ZAE JEhuA ge
HYA A SA¥)Y(MNNG, 4NQO)H 2+ =<
HolA(B(@)P)dl W3t duiddas AUz B9
EdWo] HEFE TA98e] 13 3 TA1002 192 8ol
o Zt AR AAY] SddolUAE AR A, =
F7F SAAUERT gl FE gEAHE JERR] g
o2 gdieldAdS JeEA] fe AL AdHYY
(A5 wAA].

TEY &ul B FEES E9¥YE dEd
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Bl 2 7K SdRioldolA AR sxIt 7}

E0i810| St

==l wi)

Nl &3

Table 2. Antimicrobial activities of the root extract and fractions from ixeris dentata Nakai

MIC*(ug/ml)

Extracts and Fraction Fungi strain Bacteria strain

Aa An Ch H.n B.s Cl Ec
MeOH extract 250 250 16 250 1000 400 250
Hexane fraction 250 250 125 125 500 32 500
EtOAc fraction 250 125 63 125 125 250 125
BuOH fraction 250 125 8 250 500 220 500
Aqueous fraction 63 32 63 8 32 63 1000
Tetracycline 125 125 250
Cyclohexamide 25 13 25 13

The MIC values against bacteria and fungi were determined by the serial 2-fold dilution method. The growth of the _bacteria was
evaluated by the degree of turbidity of the culture with the naked eye, and the sporegermination of fungi was examined under a

microscope.

A.a : Asperigilius awamori A.n : Asperigiilus niger Ch : Cladosporium herbarumH.n : Hypocrea nigricans B.s . Bacillus subtilis

C.l . Candida lypolyticaE.c : Escherichia coli
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Bl w2t AlEA7E F7FIAT 53] 4ANQO(0. 15ug/
plate)ell thalX= 100ug/platel X 89.99%9 7V} =&
AMERE vEor, tE Eddoldd diEiMx
70% ©)de & JAEAE eI
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Dose(ug/plate)

Fig. 1. Inhibitory effects of methanol root extract
from /xeris dentata Nakai on the
mutagenicities of 4-nitroquinoline-1-oxide
(4NQO, 0.15 gg/plate) and N “ -methyl- N * -
nitro-N-nitrosoguanidine(MNNG, 0.4yg/plate)
and benzo(a)pyrene(B(a)P, 10 ug/plate) in
S. typhimurium TAS8 and TA100.
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A% A3 MNNG(0.4ug/plate) ] 785 S typhimurium
TA100 TFAAM AlB%¥E SOug/platedr Fe-& £
Bo] 66.76%2 JA &= VebArHEFig. 2). 4NQO(0.
15ug/plate)oll & S typhymurium TAISTTOIA A&
=% 100ug/plateclAE B BEEE A3 BE XS
7t 70% o)AY &L oA adE Yehion, i
ool FerE 2 ECAM ZHZt 7598, 75.98,
79.91%9 ¥ AAEHE “ERIY. EF, TAL00
o5 Ao Ee i BEES AL BE AFA

60% o149 JAl &7 HATHFg. 3).
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® 80
E e
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Fig. 2. The antimutagenic effects of each fraction
of /xeris dentata Nakai root extract against
MNNG(0.4ug/plate) on Salmonelia typhimunium
TA100.
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Fig. 3. The antimutagenic effects of each fractions of /xeris dentata Nakai root extract against 4ANQO(0.15.¢/
plate) on Salmonella typhimurium TA98 and TA100.
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Microsomal enzyme®] tiAl@/del oJsirigt Eedwo) FRAME Fee £8EC] 89.92%2 7P & 44
AL vehlle ooz ARz AES 3 FHE BYPoW TAIQ0 FFolAe oilolyeole &
%42 F ¥ polycyclic aromatic hydrocarbong] B(a) g ZEo] 76.86%% 7H ¥ AAEZIYE YUY

P(10ug/plate) A= TAGR FFollA 100ug/plated] A& (Fig. 4.
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Fig. 4. The antimutagenic effects of each fraction of Ixeris dentata Nakai root extract against B(a)P(10y4g/plate)
on Salmonella typhimurium TA98 and TA100.

4) SRB assay Table 3. Growth inhibitory effects of keris dentata Nakai
FAEF(AS49, Hep3B, MCE-7)oll thgt Zuls # root extract and fractions against the human
g FEEY NEZ=AL dolry] sty A3 AN cancer cell lines by SRB assay (unit : %)
Table 33} o] Yehgth g AEFA AS494 ¥ | dentata Dose(mg/m)  A549 Hep3B MCF-7
A& o ZHolAHo|E & E(250ug/m)o] 91.67%% 7} MeOH ex. 0125  651+1'  15.13+003 43.46+0.03
A w0 AAEHS 2 7 A ERe) 0.25 50.07+0.07 32.93+004 59.78+0.02
S owe SALn urE}‘ﬂ%iJ" 27 Hep 0375  65.13+0.11 3775005 55470
3BAIM = ol otAHIE £8E(500ug/ml)o) 75.01% 05 71.15+004 5881+0.04 5483+003
2 7P B2 dAaE veden, U AEFQ Hexare fr. 0125  27.7+006 24.48+007 42.35+006
- - B o 025 36184006 32134005 47.72+004
MCF-7aM T o Aol HolE BFE(500ug/m)o) 0375  47.74+0.11 41924009 41.87+0.02
84%% 71% ®e dAETNES Ry Fig Se A4 | 05 5166012 5145+0.11 5353+004
ZHAEZEQ 2930 tldte] ABEEe) W2 NTEEAN & EtOAc fr. 0125  88.15+002 69.76+002 44.87+0.06
- i 0.25 91.67+005 76.66+0.01 81.8+0.01
HE vebd Re® S00ug/ml ME M7 GHES O 0375  90.96+0.01 74.49+0.01 79.19+0.01
sto] o 50% AP (E EHE ALY HALE 2 _ 05  91.16+001 7501+0.02 84+001
o= uks) 293 Eo] WHAE 209 olahe] AL BuOH fr. 0425  31.86+0.15 29.83+0.06 24.05+0.02
]o O] 293 “L I dsi ?% 13+2] _gqﬁ 0.25 5014012 2043+0.14 35954005
A&S BYd. ol AT i3t =& AR|a ] 0.375 50.76+0.11 64.81+0.01 56.26+0.02
H)s] AT daiME v we EAETHE U 05 . 663005 5561x0.11 61.83+0.05
BhaS ok 2 gt Aqueous fr. 0125  27.86+0.19 3333+001 13094005

0.25 38.48+0.14 20.47+0.04 1052+0.03

a9ng Edde] oA g4 9 gl 3L e 0.375 31.14+0.17 4598+0.18 24.66+0.02
e 2l Ba 9 Ed 97 o] SIS o83 05 3466+0.12 53.26+0.18 31.03+002
= - ODs4 Of positi trol - ODss, of sample/ OD540 of
PPUYE Bk TAHY AFIE AmQA olRelrep T 0w of Postie Bon o OF SamP
gt Ao Alg ) ¥ Mean value SD(n=3)
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293 2 7P 52 A &3S JERH
100 - - B(a)P(10ug/plate)ollAl= TA98 TFNA] 100ug/plate
ol o NBEENNE FEhg EEEC] 80.92%% 7MY &
ol jggeoﬁg"i = AA IS mgen, TAI0 FFdAxE wgE
DEoaen | EEO 71.41%% 7V £ AA&HE JEhRIT

kS
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T

; )DBUOH fr.
|mAqueous fr.Ji

Inhibition Ratio (%)

[y
(=)

e b [ [

0.125 0.25 0.375 0.5
Dose (mg/mé)

(=3

Fig. 5. Growth inhibitory effects of each fraction of
Ixeris dentata Nakai root extract on human
liver embryo 293.

§ 2
ZulA e 28 9 BFEE gt DPPH free
radical 22AHl 23t AikateAde A3 Ay o Ho}

’H]EHO]E E‘Q%(RCSF]QF@/’“)O] =79 BHARCs
14ug/mi)} a-tocopherol(RCse=12ug/ml) 3+ A BA1S
eERIIT SRS 848 543 dn F30) 7#F
of digixe & £8Eo] gix¥ez 3 &4 U
WA Y. Hypocrea nigricansd| A= izl
Cyclohexamide(13ug/m) 2.t} 943t 84 (8ug/mi)& 1}
el e Cladosporium herbarumolAE FEHe E3E
(Bug/m) 3 Mehe FZE(16ug/m)ollA HZF(25ug/ml)
Ho o3 248 JeE vk Ma d5F
Bacillus subtilis T talMe 5% EEEQR2ug/m)
3} o HelMHolE EEE(1254g/mi)o] $-3lRoH,
Candida lypolytica TF°l WajxEs A ZIE
(32ug/m)F B HEE(63ug/m)o]l 5381,
Escherichia coli &9 tiaiM= o ZolAEo|E £H&
(125pg/mh) 7 ¥R FZE(250ug/ml)o) =8 AL
LR

EdHo| 9 ANAE-E HES] Y5t Ames test
oA FATEE YERhE, 2R I AH2A S99
g fdshe 23 WeldEZE MNNGS 4ANQO z8lm
gAIEAS Z8 2 sk 7Hg Wold EZ<Q B@Peg A}
£8te] Z4zte] Fxo mE SRl JAgA 2
MNNG(0. 4ug/plate) &l 2% S typhimurium TA100 T
FA AEFE 100ug/platedllr] ogre FEEo] 79.
4%z 7Y & AAEIT JeRdtr 4NQO(0. 1548/
plate)oll W& S typhymurium TASS TFolA WerE
FEE0] 89.99%=2 M} w2 AAEHE Yo
TAI00 @59 ASAME vwge FE2EA 84.56%
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I EF(A549, Hep3B, MCF-7)¢] 3 Zu}A e
FEE9 NEEAL dolry] St A¥S A7,
A EF 2 ASA9N E M= o HelMHE T8E
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