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ABSTRACT

The study was carried out to evaluate the antimutagenic and anticancer effects of small
water dropwort. The methanol extracts from small water dropwort significantly reduced
the mutagenicity induced by aflatoxin B, (AFB,) and N-methyl-N’-nitro-N-nitrosoguanidine

(MNNG) in Salmonella typhimurium TA 100.

Also, the methanol extracts inhibited the

growth of AZ-521 human gastric cancer cells and HT-29 colon cancer cells. The
chloroform fraction from methanol extracts of small water dropwort inhibited 40 to 80%
of the mutagenicity by AFB, in Sal. typhimurium TA 100 by the addition of 2.5 to 10%.
To separate active compounds, the chloroform fraction was subjected to column
chromatography on a silica gel and separated into five fractions. Among the five
fractions, fraction 4 showed the highest antimutagenic effect against AFB; and an
anticancer effect in the HT-29 colon cancer cell. As the result of the analysis in GC-MS,
l-napthalene carbonitrile, 5,6,7,8-tetrahydrol and benzene, 1,1’-(1,4-pentadiene-1,5-diyl)
bis-,(E,E) were identified potentially from fraction 4.
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o 53] ZF2 vve|e 2u) o) Bel i
o] AT F71A sbed #FY o] Fo}
100gd 382mg §Hg-5lo] glen P-carotened
1320g, HIE}] CE& 15Smg o] JUchE&E3
23 2001).

nude 25 3E g 3 n¥Etel v
vge] AEFS How ¥ehe ¥E 4 doa
tHade 1985). mlve]e] vge 58S AHE
g APA muee Y A2ANE Folu ¥
9SS 4 er, o)A malondialdehyde
(MDA)2] & Zo]1L superoxide dismutase®] &
4& BEIeU =8-S U3l rHZhang et al.
1995).

Erivee dA] FAWS oAqEn A 8de
o] Wk ALEEO gon e RFL 4
AEe] Aejayoz dz] o]&H1 e AEY
shtoltt. Hae] delA Evhvelel e
o] 37} AAH AT (FHEA] 1998), o] FY
T2004)2 Ay 7HA] HAaFY e 522
Axgol o BEAMel B 2 PHEZFA
HALRE =AM A7dAM EvvEe ol8d
A2 B4 Fgo] 3tk ok w3 g
vute]a} il AEe] ¥jdle Euves g
e gFH F s #dFo] For §ATE
o thsiA s BatE AUe AeE dTH
AHER F 200D). Evvele EPd5S &
el fAQ) Angiotensin I Converting Enzyme
(ACE) A&ligge] djes] o EvulaeA
oleig a#%E Yehli= EZ = adenosineo] ¥
b dokErel 1997).
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Al AHR Evjvee R ZHAI g
A 7Y% R AR Aol T2 BEIA &
AT 5 3 2L WS RIHUA ARE A
&3tk Evivte] B 1g% 20mlo] W@LS
Agetel 2Es90M 38 el UL 3
% ¥ 222¥859 BFoz Py 22
EX E%2 silica gel column chromatography 2 &
gslyom Z+ B8E-2 thin layer chromatography 2
Rfgh8 #213}e] 57) fractiono & eith. Zrzt
o BYEL BUE AASIA dimethylsulfoxide
(DMSO)°l| =5of dF el AL&-3tHTh

2. gEoio| Ay

AVE8E dF= Salmonella typhimurium TA100
o = WelEuo} tjete] Ames SHALR R
gl Ao vt Rog A¥3}r] A histidine
2 T7A, deep rough(rfa) SFHol, uwwrB S,
R factor 59 FAPAES &Asch Ao
FrE-21) aflatoxin Bi(AFB:)-& ©] 3 Sigma 3]A}9)
A 7A3k] DMSOo| 5o HYol A3l N-
methyl-N"-nitro- N-nitrosoguanidineVINNG) & 1] Aldrich
2R FUs] SRGol oA AHEHR
o

Maron 52| H(1983)°)] w}2} Sprague-Dawley
rat®] 7hE A&l 598 PRS00 o] S9 fraction
(10%)& MgCl-KCl salts(2%), 1M glucose-6-phosphate
(0.5%), IM NADP(4%), 0.2M phosphate buffer(pH
74) @ disel EFsl S9 mixtureE: Z A3}
At S9 mix 0.5ml, 3w wigE FF(1~2x
10°cells/ml) 0.1ml, Evli}e] &8 50u(0.5~5.0mg/
plate)9} EdWo|l FUEA 50u(1ug/plate) S ice
bathell 71 cap tubed]] ¥ 7V A vortexF &
37CAA 3083E vl mfiekstduk. 45T top
agar 2ml¥ & Z} tubeo] R 3%7t vortexdld
minimal glucose agar plateo]] =3} 37Tl A
BT NPT F BATDE] 2AS AFHR
THAmes et al. 1975).
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1) Aok 9 717

AEufES 93l AHEE Delbecco’s Modified
Eagle’s Medium(DMEM), fetal calf serum(FCS),
trypsin-EDTA 2 penicillin-streptomycin2 GibcoA}
UsA)2 By 7YU3tH e CO; incubator(model
MCO096, Sanyo, Tokyo, Japan)ollA] QA EE wj ok
[ 1=

2) A E Y i

Abeke] AA9t A ¥ (human colon cancer cell)$)
HT-29v= e{digta st AsietaddA,
Aol QM TS AZS21E YES cell line
collection -2 EE] EoFuto} incubatorol A Hj
FatAA Aol AHg-sTh

100units/m!®] penicillin-streptomycin} 10%] FCS
7} ¥f¥ DMEMS AHg3td 37C, 5% CO;
incubatoref| A} GMEE vl FstE ) wdE AXE
= 9FYUo) 2~33) refeedingdla YFA AL
2 005% trypsin-002% EDTAZ Xatg AL
B3t Ao vl FslsdtH(Franceschi et al. 1985;
Goldin et al. 1979; Park et al. 1990).

3 FAEFA] AAALE

S LE 24 well plateol] 2x10°cells/ml =) A o]
skl 24A12F Fb viE AT M7} plated)
i F 10% FCSet Alg7t drtd AMEe w
gNog WAEe] CO, incubatoro] Al Wl Yty
o} 6U3t vitF & M EE PBSE oA 0.05%

trypsin-0.02% EDTAZ #2]A|7] § 2} £ AX
4 hemocytometer2 Ao} 2 Bl wstgch
(Anzano et al. 1989).

4. GC-MSof| 2o&t g =Fe 83

Eohvgle EE -% GC-MS(Hewlett Packard,
USA)E o] 83t #4311 o]& 7} peak HHEE
9] mass spectrume]] YEMG H2} iond}  iond}
fragmentE-2 chamstation(HP 91153C, NBS-REVF.L,
USA) mass spectral data base?] 3} vlw3dle] &
4& FAFAHCIEY 1992).

5. SAEN

=
dxTs 2+ AgE2FH 42 439 ARES
SAS system(SAS V8.2)olx} ANOVAE 7% X
Duncan’s multiple range test® o] &3} EA &
M3} cHSteel S 1980).

m Az ¢ 33

1. E0|v2| HEkE &2 =Ml a1t

Evlue] Mere 3289 Salmonella typhimurium
TAL00o]| X AFB; 3} MNNGo| tft Edmiolfut
A 28-S AHE Z= Table 13 2ol E7)
ve]e] Were 552 plated 1.25mg A48t
S @ AFBdl| 3t EdWolE 55% JAARAL
o, 2.5 2 50mgplaeS I7FSAL o ztzt 76%
2 85%9 EQHFLES A A 54
Hol9lQl MNNGE AHE3S Wx dEduol

Table 1. Inhibitory effect of methanol extract from small water dropwort on the mutagenicities induced by
aflatoxin B4(AFB+, tugiplate) and MNNG(1ugiplate) in Salmonella typhimurium TA100

Treatments Revertants/plate
(mg/plate) Aflatoxin B, MNNG
Spontaneous 8314 12643
Control 128949 2815+16"
Methano] ext. 1.25 624+1082° (55)7 927125 (70)
2.5 377460° (76) 810+5° (75)
5.0 260+8° (85) 740436 (77)

1) Mean+SD. The different letters are significantly different at the p</0.05 level of significance as determined by

Duncan’s multiple range test.
2) The values in parentheses are the inhibition rate(%).
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BT A4 vt & Evve] g F&
£ 125, 25 2 50mgplate HI}EIHES W =
olfrito]l 24zt 0%, 75% R 77% A=Y o)
749 9 9700414 e B Evjye]e] #
eh& FZB.0 Sl typhinurium TA98 A AFB 2] &
Awio)lfe JAZle At Ye AL B
Ho] Enpuels o7 gFoA EQdo] LE
A9 Z8-& JgAsh=s 2t USL ¢ F Uk
3 oluEet Evve] Wee FEE2 MDA
A3E JAstd AFFNEE s aFv)
Ae Aoz HuEx ot

2. E0|H2]| HERE FEE2
M=o

Table 2= Ev|Uee] WEE FE&Fo] Al
o] Y2 AZ-521 2 AR HESQ HT-29
9] Z2e dgAFE &S AHE Aoluh
AZ-521 YFA T o] WEgE FEES
plated 25ug, S0ug 100ug-& H7}std-& = of
Z77 vnste MEZ2o] 2tz 16.3%, 49.9%
2 723% AAHQeH 200 FTAME F
o] A9 FAFA RIAG. AZY AEd
HT-299 A= plated 50uge] Ev)vie] wlehg 3
289 Hrtz AL 22 AsstA e
AT 100pge] HIIE FAHE F40] 71.3% AA
et

HMZEY o

Table 2. Inhibitory effects of methanol extract from
small water dropwort on the growth of AZ-
521 human gastric cancer cells and HT-29
human colon cancer cells after 6 days of
incubation at 37°C

Treatments Cell numbers (x10*cells/ml)
( ugiml ) AZ-521 HT-29
Control ~ 34.3+035™ 78.342.07°

125 36.1£3.36" (-5.2)7 -
25 28.7+1.76" (16.3) -
50 1724225 (499)  79.3+4.60° (1.3)
100 941053% (72.3)  225:2.12° (71.3)
200 0 0

1) Mean+SD. The different letters are significantly
different at the p<0.05 level of significance as
determined by Duncan’s multiple range test.

2) The values in parenthese are the inhibition rate(%).
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4, o)3Y Y ATF(1992)M ERL e
#2528 HT-29 AR HXoA dAE o)
oFllF 1004ge] HA7tE chxFol Hlide SAX
o] 4] A &0 T%E WY} 2500 H7b
YL o 0] 98% AAHUTT Rt w
A 2o FEM EAYRY Evivels 2%
o AE 48 S ARG E § AR
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3. S0lLe| SEETE HEo| SEeHol

=2}

Euye]e HEge FE2ES FRIIXESTH
Bzoa Uyro] @F Salmonella typhimurium
TA100¢) A AFB, 2] EQRo)lfd AAERE 4
HBtthTable 3). 22X E FHEL 125, 25
2 50mg/plate F7FetAS o "411:1101] H] 5}
2+t 40%, 71% 2 80%2] EFWolfE AAE
Hg Jepfiith 28y 3L 9 F7td
w2} dEAHo] Art YERA oo} Evivie]
A EQdofE AAFES Yehlle A2
E22XESF EAzle 23Y Ao AR,

Table 3. Inhibitory effect of chloroform fraction (CF)
and aqueous fraction(AF) from methanol
extract of small water dropwort on the
mutagenicities induced by aflatoxin By(AFBy,
tuglplate) in Salmonella typhimurium TA100

Treatments Revertants/plate
(mgfplate) CF AF
Spontaneous 114+15 114+15
Control 1132+50™ 1132450
1.25 721+64° (40)” 1218+46
2.5 407+56° (71) 1274435
5.0 313+22° (80) 1399+107

1) Mean+SD. The different letters are significantly
different at the p<0.05 level of significance as
determined by Duncan’s multiple range test.

2) The values in parentheses are the inhibition rate(%).

4. E0ojL}2| column chromatography &£
ShE0iH{0] &1}

FEdge] Ayt Uehd vyl 228

2 8.2 t}A] silica gel column chromatography

Z E3l4 57 fractiono.2 234ch 4 &

H



E0|uz] Higkg F£E29| SEHol A0t AMESA Axant 7

& 059 1.25mg/plate 713l EAH)RL o
ALTIE A A 5/ R 2FoA AT
geEddol Ayt gle Aoz vehgth o 7}
£ fraction 4= TS fraction® T} IHE Aol
zZ-&o] 7Hg 43l 059 1.25mg/plates
Aol AM&EAS W oRFel vlstd
91%29t 97%9] EQWelRY JAFE-S YeR
th Fraction SHAME 22 FxoA & IF
Aol &Ao] Jehdor 059 1.25mgfplate 3
7FE 62% R 87% EQWOlTE AL
e AL € 4 AATH(Table 4).

Table 4. Inhibitory effect of column chromatography
fractions which were separated from
chloroform fraction of methanol extract in
small water dropwort on the mutagenicities
induced by aflatoxin By(AFB,, 1ug/plate) in
Salmonelia typhimurium TA100

Treatments Revertants/plate
(mglplate) 05" 1.25
Spontaneous 17719 17719
Control 1364259 1364259"
Fraction 1 951£90° (35)"  478%55° (75)
Fraction 2 758148° (51)  491+35° (74)
Fraction 3 869128° (42)  651+28° (60)
Fraction 4 289+36° (91) 2134° (97)
Fraction § 632+20" (62)  339:26° (87)

1) The values represent the level of dried column
chromatography fractions in DMSO.

2) Mean=SD. The different letters are significantly
different at the p<0.05 level of significance as
determined by Duncan’s multiple range test.

3) The values in parenthese are the inhibition rate(%).

5. E0|t2| column chromatography &/&9|
AMEZEA ofmED}

Ev|e] oA silica gel column chromatography
2 2% J8e APY HN29 249 Ao
Bhshel 693t wjks BoHe Table 59} 2k
Z} fraction® 50~200ug/mle] FE2 GAXd H
TFetAE w SA FEDHE] AP et op3rt
A& fraction 47} 71F GMESAES FEA o
AstAth = fraction 45 50ug/m! H7}slES o)

PAZ] FHL A oA &n APEEA
t}. Fraction 13} 39|M% 50ug/ml Hr7t2 zZtzt
73.1%% 712% 9 dAE F2o] dAENoH
100pg/m! F=NM= GAE F4lo] Aol Ao}
2 g3kt

Table 5. Inhibitory effects of column chromatography
fractions which were separated from
chioroform fraction of methanol extract in
small water dropwort on the growth of
HT-29 human colon cancer cells after 6
days of incubation at 37C

Treatments Cell numbers (x10*cells/mi)
(ug/ml) 50 100 200
Control 96.5+1.9™

. 26.010.7° 1.30.3°
Fraction 1 2 0
(73.1) 98.7)
. 60.5+0.7°  553:1.8°  353+4.7°
Fraction 2
(37.3) @27 (63.4)
Fraction 3 27.8+2.5¢ 45+0.7° 0
Tacl
(71.2) (95.3)
1.0+0°
Fraction 4 0 0
(99.0)
. 68.8:0.4°  47.747.8  40.7+35°
Fraction 5
(28.7) (50.6) (57.8)

1) Mean+SD. The different letters are significantly
different at the p<0.05 level of significance as
determined by Duncan’s multiple range test.

2) The values in parentheses are the inhibition rate(%).

6. S0|vl2(e dejgy =2

Erivte]o A Eddelfd JAe} GHES
2 A EAE Jepd FHBHYED S GCMSE
%A% A3} 1-napthalene carbonitrile, 5,6,7,8-tetrahydrol
3} benzene, 1,1’-(1,4-pentadiene-1,5-diyl) bis-,(E,E)
o] EJASUHKTable 6). L2ju} o] EFL EV]
yglolA FEavolet FMEFA A AT}
7V 2 ENAM 5R3E JLE o9 e §
AR AHEAE JehE A& exol
of 3l FHE B it A8 HdY= ¥
gxlojor T oz Atg ok

wr22(1997)2  Ev|uielolA]  angiotensin 1
converting enzyme(ACE) A} a 32 JVeR)= A
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B0 Z ribonuclecside®l UZE<Q) adenosined ¥-2]
Selaie ekl Erluels T 4ee
78S Yehlle 30 US A2 AAA
AHog ol Bg A7} ol FoiF} & A
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Table 6. Compounds identified from the fraction 4
obtained from chloroform fraction of
methanol extract of small water dropwort

Retention time

Peak No. Compounds (cnin)
1-Napthalene carbonitrile,
! 5,6,7,8- tetrahydrol 40.161
Benzene,
1,1’~(1,4-pentadiene-1,5 40.161
~diyl) bis-,(E,E)

IV. 2o 9 AE

Erele] Ed¥olRY JAFES AHE
A} Salmonella typhimurium TA1009) A Eujr}e)
o] vigte FEFES 25~10% H7ISHEE W AFB
o] EdWOIE 55-85% AR R FE
oA MNNGe| EdHo| g 70-77% AA 3K
th Erveld] WEs FEEL GAEY F4
& ARG A AYHME] AZ-5213%
Al HZQ HT-299] A& 100ug/m! H7}3HA
£ o) 4zt 123%9 71.3%2] GAHAE F2E 9
AstAc Evlvele Wge F2E8L E2EX
5% B30 R FEAWe] AHE &
A3 Aa FREXE gE-§ 25-10% IVt
£ W Salmonella typhimurium TA1009] 4] AFB,2]
EdHo] 5 40~80% AAIEH ot EF52 A3
7t ek webA gEQe] aavt Jvehdd
Z22XE2S silica gel column chromatography
2 2%t 5749 fractiong AYew 1 7k
o fraction 47} AFB;ol] th3l Sl A
k83 HT-29 AZALMES F21& 71 Z38HA
QA= 2Ag BAHA o) fraction 48 GC-MS
2 E4% AF l-napthalene carbonitrile, 5,6,7,8-
tetrahydrol 3} benzene, 1,1°-(1,4-pentadiene-1, 5-diyl)

bis-(EE)o] $R8= ] o] EZFo] EvvtedA &
Edvolel GAESA JAZEH BHE 3o
2 Az

ek ]

23E(1985) FxAEAF Hey 1F SEo
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HAA(1997) A4, FEZ WAL pdT.
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A 67 . p.104-111.

22(1998) Ev|u}2]22E] Angiotensin I Converting
Enzyme As|Ed9) £ € F2 4. I
S HAS =R,

NZY9N) SFY ALF) FEAMO] R %A
T 24 ARD FAE PAHAEE,
o|3% - o|%3] - vtz g(2004) Ttel s} Ev|e e
Ed¥o] fi A28 gikst a3t A

ALY G 8HE) A 15(1), 49-55.
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36-43.
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