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The Effects on Antlmlcrobxal and Cytotoxicity of Brassica oleracea L. Fractions. Yun-Ja Park,

Kwang-Hye Jeon, Sun-Hee Kim' and SongJa Bae*.

Dept. of Food and Nutrition, Marine Biotechnology

Center for Biofunctional Material Industries, Silla University, Busan 617-736, Korea, "Dept. of Biochemistry,
College of medicine, Busan National University, Busan 609-735, Korea ~ This study was carried out to
investigate the affects on antimicrobial and cytotoxicity of red cabbage (Brassica oleracea L.,BO). In the
paper disc test, antimicrobial activity of BO fractions was increased in proportion to its concentration.
Among the various solvent fractions of methanol extract (BOM) of BO, the ethylacetate partition layer
(BOMEA) showed the strongest antimicrobial activity. We also determined the cytotoxicity and
Quinone Reductase induced effect of BO extract and fractions on human cancer cells. The cytotoxicity
of BO fractions on HepG2, HelLa and MCF-7 cells was evaluated by MTT assay. The BOMEE and
BOMEA showed strong cytotoxic effects on all cancer cell lines we used. The quinone reductase
induced effect of BO fractions on HepG2 cells, the hexane partition layer (BOMH) at a dose of 200
ug/ml was 2.88 times more effective compared to the control values of 1.0.
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B AFoM ALgE Hsl(red cabbage, Brassica oleracea L.
BO)= AAg e &dle AiZA FZ flavonoidFoll &
8l anthocyanin7j] '-‘l,‘iE %o] it Utk 53], o] A
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monells AFANA A% A2Fe FEAM] FHE B
DG HAE YL o83 g B4 Ed 3= 9
B ARE B d7AEY F8 A7 Wl H %2111,

HZ oY F2E £ GdU HES

A AFol Nese F 3% 8 du 21@[5821] % d
TN A4l f&=HE 2F *M%}“ N5&

FHOE HAE GAHEL 24 AFE AN 23 91eH

[22022], & AFelM e A A4 4EQ X-HF 9

st Zt £ E9 I AAE HAE] 8t paper disc

test 3t} YFEH FAL g1, FHNEZAGA 53 &
B aNE AA LHAEFE o] 43 MIT assayS 33}
Fqom gt A4 A9 quinone reductase 45 BAETH
g 24 vusiy

Mz 3 g

A8 e

B Agof AL&H Hal(Brassica oleracea L., BO)E 2003'd
59 F4 43 FFIEARAAM FUsY SHsAT o
NEE % - 2838t 7 23 g FTaEHRYG GAE
Fol tidt FAME FAAA &3 (cytotoxicity) ¥ quinone
reductase (QR) §= &4 4 A AL319.

gyl A3 e % x| F-12Ht Q) Streptococcus mu-
tans [KCTC3065], <5+ 3371 Bacillus substilis [KCTC1021],
™A+ Ql Escherichia coli [KCTC1929], A& E-oj7FQ1 Pseu-
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domonas aeruginosn [KCTC2004] 2 &= Aspergillus
oryzae [KCTCo983] 7ol om zH #9 A& 2 BES 93]
A}g3 vfRA= Nutrient agar (Difco), Yeast extract, Malt
extractZ A}&-3F4th

GHE Z494 A AHSE A%k F NP-407} mena-
dione2 SigmaAHSt, Louis. USA) #|F & AHE-St4 1 flavin
adenine dinucleotide (FAD), dicumarol @ glucose-6-phos-
phate dehydrogenaset= AmrescoAH(USA) A FS TH3A
© o, minimum essential medium (MEM), Dulbeco’s Eagle
modified medium (DMEM)3} phosphate buffered saline
(PBS), Trypsin-EDTA, Penicillin-Streptomycin, FBS (Fetal
Bovine Serum)%-& Gibco-BRL (Grand Island Biologic Co.
USA)llM Fstgon, 2 9 Aol A9 & 2 A
e 54% AHgsid

AZ9 2 ¥ 2= M=
Agz A8 HAHBO)E AE F EUed)
Z

o MegEe
H7het £ 37CoA AR F 443§ 338 Wi 23
T FgHY AT $F712 Y w3 F 2 A28

2 2} ] methanol %%%(BOM)E A1, o] FE2ES 7 &0
Ha 2E3le hexane3(BOMH), ethyl etherZ(BOMEE),
ethyl acetateZ(BOMEA), butanol"(BOMB) 41 F3E
(BOMA)2 ztzt R8sty 2t & 49 v% & 54 Ax3
of 2 o] AlgE ARSI

AL paper disc method [6]
£ o &34t g7 ANEE W wixs 27 F petri
dlsh°1] 20 miA £Z35ta] STA7) T A wjgs 22 A F7

$ $RA22 il 7154 47 4 lcw 01 mi4
F3to] o3 HuAE BHEA 7 &) £EE =&
9 FXE 50004 2000 pg/disc7}] LE'LQ] TEE Y
718 A D7 H disc (37 8 mM, Toyo Roshi Kaisha, Ltd.)
B4, AZNA FF7F 22 plate R4 2 EL $
C incubatoro] A 2417} wjoksled disc 2] MAY clear
zoned] AZ(mM)C2RY 7} £E9 a8 S A
Hon o] 48 53 wHES HAXNE YEAT

%_%-ZN{UHE

SN B

B Add ALg3 AZFE QA 3 MESQ HepG2
(human hepatocellular carcinoma), A3 ZHE¢ A EL
Hela (human cervices adenocarcinoma), 4t A3Z4

MCF-7 (human breast adenocarcinoma pleural effusion) %
AL liver cell-2 20033 79 R4 os4v)st A
3}etw oA AlFuksktt. HepG2, Hela, MCF-7 ¥ liver &
A A FFE= DMEM mediumd] 10% fetal bovine serum
(FBS) 100 ml9} 1% 100 units/ml¢] penicillin streptomycin

10 mlo]7} &H-2 WA & ALE-3ld, 37C 5% CO; incubator
o A monolayerZ v %5t F Tl

UM E ZAAH E2UEH(Cytotoxicity)

A FZ BYEY AE FHAA ade MIT (-4,
5-dimethylthiazol-2-y1]-2,5-diphenyl tetrazolium bromide)
assay assayE Al8-3}<] 33t TH[4,16].

ol 95 2+ NTFE 1x10° cells/welld) 558 B31
24 wello] 247t 1 m1® #H71sle] 24X 7 ¢ 37T, 5% CO,
incubatoro} A joket & 8ol FHE REES A7t Y F
2] dimethyl sulfoxide (DMSO)ol =oiA] 50, 100, 150, 200
2 250 pg/mle} FEE A7Vt 48217 Fot wj G F
Z+ wellel] PBS ¢k o] =<1 MTT £H4(3 mg/ml)& 100 ul
A H7bete] 42 B Al W FAIZL F, well i 4
# formazano] &A1 A 45 A& A A DMSOs
ethanol& 1:12 g3 £ 1 mlE Ar}sle] HA3] =9
& UV-visible spectrophotometerg o}-&3}e] 570 nm, 690
nMol A Ztzt EFEE 25 2T AEFE 100% =
39 ) A AE4Y AAES FHT. 28
WS o]4ate FAAELS liver cell o] &3te] Az 28
29 AL 5453} 43¢ sk

Quinone reductase (QR) #< &4 &3

QRAA €% &3}E Prochaska 9} Santamaria®] ¥HH[19]
2 uH17]9] Ba& F23e] ZAHT F T-75 flasko| M
vjokz=ol HepG2AlZ7} 80%0l4 ZE43A HH 24 well
plate®] 7z} welld] 1x10* cells/ml H =& HepG2HZE &
z3}a], 37T 5% CO; incubatore] 24A)7t &<t v %3l & &
A =285 7+Z DMSOd] 54 40, 60, 80 3 100 pg/mle]
TR A7ISA, TA] 447 B Mg oy gl e
AAsG T A7 AR ZF wello] 250 pL9] lysis buffer
(10 mM Tris-HCl, pH 8.0, 14 mM NaCl, 15 mM MgCh)&
B3t welle] 1 mMA #7hste] 58 FF w37 &,
uh-g A =] 891 10.3 mM dicumarol, 0.5% pyridine, 5 mM
potassium phosphate (pH 7.4) £39-& 250 pl¥ #7314
FAHSS AR A7) UV-visible spectrophotometerE o]
4314 610 nMoll A §FEE FHsto ALstAt 181
gl A gke =03 set2] well platedl] o)k crystal violet &
A wio e AFsigo

-]

B &

Hif #E20| 2 20y 2&= 82
Zt Ao §ujE F& £EEY F&& Table 13} 2.
ARZ LS HABO)E e eE F23t F2E(BOM)
4 1440% 43, o] F5ES E 854 hexane’ & E(BOMH)
20.81%, ethyl ether®3# & (BOMEE) 1.68%, ethyl acetate
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Table 1. Yields (%) of various solvent fractions of Brassica
oleracea L (BO)

Fractions Yields (g) Yields (%)
BOM 36.0 14.40
BOMH 75 20.81
BOMEE. 0.6 1.68
BOMEA 1.3 3.62
BOMB 94 2611
BOMA 17.2 47.78

BOM : methanol ext. BOMH : hexane fraction (fr). BOMEE:
ethylether fr. BOMEA : ethylacetate fr. BOMB : butanol fr. BOMA
:aqueous fr.

(BOMEA) 3.62%, butanol (BOMB) 26.11% 5
4778%% FE}GOM, 53 529 FEgo]
B d2 AU

4% (BOMA)
oF 47.78% 2

@Y &
Table 2= 7t fFo We 2 284 & &4 23

it

Journal of Life Science 2004, Vol. 14. No. 4 569

yebd Rz, APaF 5% BT A9 ethyl acetate £§
29] BOMEAS) A Blm 3 ¥l clear zoned A5t 72§
gaa s Jepd S o 5 Atk &, Streptococcus mutansol
Ae AY & AT w2 500 pg/mlFrtAA
BOMEA+ ¢ 9109 clear zoneS A4, = F/l &
T2 2000 pg/mlol A= 11959 & A{AA clear zoned
g5t 2 PR HnA & g7 84 adrt ¥
ebitt}. Bacillus subtiliso) M &= Streptococcus mutansol] X9} 2
o] BOMEA7} Hlnd %2 da84E vehidlen, 33
HA7 %21 2000 pg/miol A 10.10 mM9] clear zoneo] &4
YAt} Escherichisa colidl A= &g F AHdFoAst 2o
BOMEASQ] g4 &A4e] &/ Uetdon, 4F FE< 2000
ng/mlE H7FS o, oF 1065 mMe} & &4do] vrelbyt).
Pseudomonas aeruginosa$} Aspergillus oryzaed| M= H3F A7}
591 2000 pg/miol A 2k 1085 2 1000 mMe] 7 A%
ANWE st Ao AHL$ OAEA #F BF A
9] ethyl acetate9] BOMEA A AY £ FaadlE &
T AT AAGA 5 b2 S 8F o %%, BOMEA t

Table 2. Antimicrobial activity of various partition layers of Brassica

Microorganisms Clear zone on plate (mm)”
famﬁm Streptococcus Bacillus Escherichia Pesudomonas Aspergillus
ay(;rs I mutans subtilis coli. aeruginosa oryzae

(ug/ml) [KCTC3005] [KCTC1021] [KCTC1923] [KCTC2004] [KCTC6983]

500 - - 9.10£0.002 - -

BOMH 1000 - 8.20+0.001" 9.55%0.002 - -

1500 - 8.5510.002 10.20£0.002 8.15%0.002 -

2000 - 9.10+0.002 11.95+0.001 8.351+0.002 -

500 - - 9.00£0.003 - -

1000 - - 9.25+0.002 - -

BOMEE 1500 - 8.35+0.002 9.85+0.001 - -

2000 - 9.05+0.002 10.10+0.002 8.5510.001 -

500 - - 8.651+0.002 - -

1000 - 8.05+0.003 9.45+0.003 - -

BOMEA 1500 - 8.45+0.001 9.90+0.001 - -

2000 - 8.70£0.001 10.65£0.002 - -

500 - - 8.85+0.003 - -

1000 - - 9.20£0.002 - -

BOMB 1500 - 8.2510.001 9.55+0.001 - -

2000 - 8.55+£0.002 10.85+0.002 - -

500 - - 9.05+0.002 - -

1000 - 8.35%0.001 9.40+0.001 - -

BOMA 1500 - 8.60£0.002 9.85+0.002 - -

2000 - 9.05x0.002 10.00£0.002 - -

YValues are Means*SD.

PBrassica oleracea L. var fractions was absorbed into paper disc (8 mM, diameter) and confirmed the diameter (mm) of clear zone

around the colony.
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L o2& uok3htol BOMEES| &a@io] NS ¢
F ARG o9 2L A= 7 F9)0 51*’?— FEES )%
o] g 84 RS SAY ZF eth i
ethyl ether #28 &9 &7 GAAE0 2

253 gy 23 b v ARgen, J FM4
ofX A4 A F9] obF gA} B4 HE] #F AFelA F
%E chloroform, ethyl acetate & butanolZ 77} A g] 3}
Ao BEZo g HES 9§ A, ethyl acetate ¥

29 B44R0) 953 ATk LI AR WL By
2 vehigtek

2 2343, 239 ethyl acetate ¥ %<2 BOMEAA
Ao o gof BEFN B} 52 T4l Yt
omn, A9 o] £EFA A Fa @Y EF AHELS
A9 goz A% 478 AW Ak

M ZAAY olxls Hx 22ES A

MITE AZe] 449 SR3He Byona dolgl A
T 9] v]EZ =g o} Y 9] dehydrogenaser} 34 584 &3
ol MTTe)| ¢} dark blue formazang A= A E 9]
&3t

HepG2, HeLla & MCF-72] ¢AM X339} A4 tiver celld]
g Aal 28 4 2 £HE GAX FAYA &t
W3 Z3te Fig 1~49 2tk

Fig. 12 HepG2el & d 7+ Al5 £8 &S 100, 200, 300,
400 2 500 pg/mi) FEE F7HAI7H Aok Wel &
AL FAGA £745 vebd 2doly, g §jEEF F
BOMEEdJ|A] 2 &7} Hojyitlh &, BOMEEY A8 F&%
400 pg/mlE H7HS o 69.22%9 ¥ HAE FAYA)
FYE AL, A8 HF H7FEEQ 500 ng/mlE H7H
S e 7854%9) ¥& JA A#AVF el Helad] thd
GAE FAAA 4% A Fig 24 YehAoH, Fig. 1

100

—e— BOMH

Ihibition rate {%)

20 " 1 1 "
0 100 200 300 400 500
Concentration (yug/ml)

Fig. 1. Inhibitory effect of the partition layers of Brassica
oleracea L. on HepG2 cells.
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Fig. 2. Inhibitory effect of various partition layers of Brassica
oleracea L. on Hela cells.

o] HepG2 M EFo] tigt FAX 524194 a3st FAEHZ
#2 Yot & AEFE 400 pg/mle IFAAE o
BOMEE: U2 #8E9] A¢Ht} 4AX FA9A a347}
453 AM 7882%9 & JA £X & HYen, HAF A
7Fs =< 500 ug/ml& F7HS W= 89.54% 9 GAE 4
oA &35 Jehilth Fig. 32 MCF-79] Z7o|H, o] 3
S M= HepG29t HelaM| 259 799 o] H74g 7}
£33%9 ave} vxsA yehten], BOMEES 500 ug/
ml& A7 S o) 8896%9] YME FAGA 5745 Yeh
Atk A& A 7kA 9] G EF F MCF-73 HeLaol o3
BOMEEd| A 48] ALg-¢ thE 2EFHT AY 2 2%
7} Aok Bk B A ALSE A F£8Ee] YA
o g8 v AEF 9A 238 AAs] 984 &
A liver cellg o] 43 A3l Fig 49 2o, H9 ZE
E2¥ZA vz Fe AXSYd a5 & ¢ Utk
ol AFdM B o, 3F] JMEF 2T HFA &)
%91 ethyl ether #3232 BOMEEJA T} EgZo R
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-20 i 1 L 1
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Fig. 3. Inhibitory effect of various partition layers of Brassica
oleracea L. on MCF-7 cells.
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Fig. 4. Inhibitory effect of various partition layers of Brassica
oleracea L. on liver normal cells.

=& GAE 2495 & cytotoxicity)E VERIoH,
AAAFEA liver cells] 3t ME SAHETdE of§ @gto
22 B A7A%E §3) 41 £ HepG2 Hela %
MCF-7 AlZFo] g FHAEF SH4A LS AT &

Quinone reductase (QR) RT#A &1}

E A4 £¢% quinone reductase (QR) H= &4 =
A& 1o} Al&stn s &h7] A 948 ERHY FEA
I 5 2 H4¥d48 QR 2848 71 THAEF
HepG2Z Al4-3ld 438 g39on, 1 23= Fig. 59
et 2lth HepG2 Ax 3o HajAge 72t #4ES 50,

100, 150 2 200 pg/mle} $E2 ANAS W 7 3 }%94
Eo M QR &40] Frkete AT EoH, 53
hexane B8 %3 ethylether £8 &0 & okaste A%
QR & BHANRE YEMUL, 718 FEFANE A
35
—o— SFMH
3 | | —m—SFMEE
—a— SFMEA
25 —— SFMB
—%— SFMA

N

Specific activity (ratio)
-~ o

o
&)
Y

] 50 100 150 200
Concentration (yg/ml)

Fig. 5. Effect of various partition layers of Brassica oleracea L.
on the induction of quinone reductase in HepG2 cells.
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of 9FL n XA Zgiry. BOMHY %% &) 275 1.0
o wimg A3}, 50, 100, 150 2 200 pg/mie} A& 3
7} =mola] 22 158,197,253 2 2882 % o]2H &
& QR #E8HERE eIl en, BOMEEY 7%
% BOMHS A%9 §ALskA Algd7bsx 50, 100, 150 2
200 pg/ml Frpe A 242+ 1.21, 1.69, 1.84 2 2.159] v 3
¥e QRYEEA EWE Jehiqc
oj9} 7 Astz w2l o5 dA4E A BYPEY
shuloh 3;40]] x:ﬂs]— Ane}l )&ty 2 oA AFL-3 F
i &3 12280 <1 BOMH9} BOMEEZ 2] QR +
EEJH} —‘I%QJ:EEE o] ¥38 oA quinone reductase in-
ducer/t EAEE FHE 5 Jor o5H AxUe EF
£ 53 A8y BE4E FH%4 1 F2E FHSGEREA
AZol Mo e gdd § 5 EFHE AW 7|54 AENE
o w$ F83 A5 € § A& AR AgdY.

2 ¢

319} A, 7, cholesterol A&}2-& 5 thokst Az @A

£ 7ML, 71#AE, A4 T 387 2o ARy &%
7} Ae Aoz dHA doen 4Fo2 JE&H2 e AHA
£ metanol (BOM)Z WA #2353 ©]& hexane £8&
(BOMH), ethyl ether #3& %(BOMEE) ethyl acetate £ &
(BOMEA), butanol ¥ 8 &(BOMB) ¥ & #&&(BOMA) %
GAAA 7 gupdz BYa AAe B, FAL 24
44 % QREE AAE APAR:

WA Hao] zt BEES Streptococcus mutans, Bacillus
subtilis, Escherichia coli. Pseudomonas aeruginosa 2 Aspergil-
lus oryzae®) 57} Ao HIINEEEE Z7HA)71BAN 3
7} st =, 2t B89 A 22 500, 1000, 1500 2 2000 pg/

mid}) =g AGFFN 7z A2 BOMEA) A
Hnd 5 g 84 E3E YD, 2 g2 Ee
BOMEE®] ¢l t}.

Ao FHAE FAAA & (cytotoxicity)E MTT assay

2 A33 27, 339 ¢ EF HepG2, HeLa ¥ MCF-7&
5 BOMEEY|A & X Z4A &78 Hgon,
HepG2 A ZF& o] && ¢eld QRAE 4L TUE £ F
Zoll Al w54 80132 BOMHZ} BOMEEA A ¢} 30
Z QRZ #4& 77T A2 YEEt o] s
%2 S5¢ 2o g0 Ao 97 48T Rt
AFA HEAFQ AAS T2 L A 4FAR L QR
5 298 9ot 4284 249 EAst 714 F9
#99 An7t @ Aoz Azt
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