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Anticarcinogenic Effects of Sargassum fulvellum Fractions
on Several Human Cancer Cell Lines in vitro

Song-Ja Bae

Dept. of Food and Nutrition and Marine Biotechnology Center for Bio-Functional Material Industries,
Silla University, Busan 617-736, Korea

Abstract

Despite many therapeutic advances in the understanding of the processes in carcinogenesis, overall mortality
statistics are unlikely to change until there is reorientation of the concepts for the use of natural products
as new anticarcinogenic agents. In this study, we investigated the anticarcinogenic activity, antioxidant and
DPPH scavenging activity of Sargassum fulvellum (SF). SF was extracted with methanol, which was further
fractionated into five different types: hexane (SFMH), ethylether (SFMEE), ethylacetate (SFMEA), butanol
(SFMB) and aqueous (SFMA) partition layers. We determined the cytotoxic effect of these layers on human
cancer cells by MTT assay. Among various partition layers of SF, at starting concentration of 100 pg/mL,
SFMEE showed very high cytotoxicity which were 92, 90 and 84% and kept high throughout 5 concentration
levels sparsed by 100 pg/mL against all three human cancer cell lines: HepG2, HT-29 and HeLa. SFMEA showed
a low cytotoxicity at the beginning concentration level, but as the concentration became denser, growth in—
hibition effect of cancer cell lines started to increase and at 500 pg/mL, it hit the highest, which were 91,
96 and 98% against the same three cell lines as above. We observed QR induced effect in all fraction layers
of SF. SFMEE showed similar tendensy of QR induced effect as did against cytotoxicity. The QR induced
effect of SFMEE on HepG2 cells at 25 ng/mL concentration indicated 3 times higher than the control value
of 1.0 and SFMH tended to be concentration-dependent on HepG2 cells. At 100 pg/mL, the QR induced effects
resulted a ratio, which was 2.5 times higher than the control value. In search for antioxidation effects of SF
extract and partition layer, the reducing activity on the 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical
scavenging potential was sequentially screened. The SFM has similar antioxidant activity as to BHT and

vitamin C groups.
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A4 A A, glutathione A3, transformed cellol| #] 2
gheko] Z7) % = polyamine A A & A 5-2] & o] 9]} (10).
QR 7FA| 3ol 4] —ri A A 2]+ phase O enzyme] 3+ &
2 quinones FY A A F561A4 52 Al EZH A

o] oj2] Folulo] EAlol o3 dojihi: Eadnio] e} %—"JE}
£ ot a Eet el S —‘?%5}71] S TS z"&‘ﬂr(ll). o]
21 QR f= B4 S &
+ Steinkellner -(12)
X.9F%, Shon® Nam 5-(13)-& Phellmus linteus, Phellmus
igniarius and Agrocybe cylindracea®] 2%+ QR %
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2(fucose), L& 34
EL(porphyran)% 18] 5] o] Sheh(17-19).
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E3) S0 gp kel E I AP ofA o 7} vinigk o)
2R A AnstA = B A3 ulgd §-4 )
2kl ) =2l in vitrool A @] gHAl £l gt FA 2
A& QR E Lo iE% 2 DPPH 2475 55 &
3 2.9k},
Mz X
Al'S XHE

Al
=AY AM8-¥ mAuHSargassum fulvellum, SF)<-
2003 109 t=abs Falste] FAs ol ARE F
Z, #3ale] 3% gt EFol gk FME FAA A
(cytotoxicity)®} quinone reductase(QR) = &4 E4&
AW o 2 in vitro YA AFE o)
A E ZA A A el AF2H A <F F NP-403} mena-
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dione-& SigmarHSt. Louis, USA) A &2 AM8-3193 7 flavin
adenine dinucleotide(FAD), dicumarol ¥ glucose-6-phos-
phate dehydrogenasex AmrescoAHUSA)| A, minimum
essential medium(MEM), dulbeco’s Eagle modified medium
(DMEM)3} phosphate buffered saline(PBS) - Gibco-
BRL(Grand Island Biologic Co., USA)oll A T3]3} 2x,
18] def A" J‘lUH 2 Aok S35 AbE-akdct
= B AZ: ARE AME 2Ae
Az & parststm WebSa) 1 5(w/v)e] F Al ske] 37°Ce
s 47 B35 48 RE T 0 AT 55

1

2 SigmaAl AEFL 1Y 3}°3J. flavin adenine dinucleotide
(FAD), dicumarol & glucose-6 phosphate dehydrogenase
+ Amrescort AEE T3
medium(MEM), Dulbeco's Eagle modified medium(DM-
EM)3} phosphate buffered saline(PBS) 5 Gibco-BRL
(USA)ol A Flstd om, o] Aol A8l &of = AJof
& 57 i AdFgS ARgsdch

A7) HAEZ vlFE 913 AHEE A# 7= CO:
incubator{Forma scientific 3546, USA), Clean bench(Vision
Scientific Co., LTD., VS-1400LS), Rotary evaporator{Tokyo
rikakikai Co., LTD., NN10522423, Japan), Microscopy(Leica
Mikroskopie & systeme Gembhy Wetzlas 520802, Germa-
ny), Deep freezer(Ilsin Enginering Co., DF 9071) ¥ Multi-
detection microplate(BIO-TEK, synergy HT) Z-ol2it}.

©°. v} minimum essential

MZZ dHet

B AFof AF4- GAEFE A 7Y AlEQL HepG2
(human hepatocellular carcinoma), A&7 %<+ Al £ <! HeLa
(human cervicse adenocarcinoma) % At A2l HT-
29(human colon adenocarcinoma)®4] 2003\ 3Y &= A
Z 2.3 (Korean cell bank, KCLB)oll 4] ¢l sl om, A AF
A& liver normal cell& wjeksted ALg-3bsic) HT-29,
HepG2 Hela®} A4 Al 5= DMEM mediumel] 1092
fetal bovine serum(FBS)¢} 1% 100 units/mL9] penicillin
streptomycine] &% 72 & T-75 flaskol] olAlg ¥ 37
°C 5% CO: incubatorell 4] monolayerZ wjoFatedct,

A 4Fe) AEFE A5 2~38] A f2E A2
28832 flaskell $FAIE7F 5x 10" cells/mL A% F4] =)=
phosphate buffered saline(PBS, pH 7.0)2. 2 21 4|3 g &
trypsin-EDTAE | 2]3}o] uldoll 4] A £ & B3k &, vl
ofok 0 & ol F7} T F A EE 3 A sted T-75 flask
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o 10 mLA #3&3s}e] F9138L2Z 4~5Y whr} Al o sl ofshH A
Aol Abg-sldct Al vfofAl 2+22] passage number?}
103]) o)A d e AAA Gz 2 2L A ZE AY
o] thA] woFate] A stgc)

otz 54 = cytotoxicity) FH

ZAE & B Eo ol ¥ EA & 9E 3-(4,5-dime-
thylthiazol-2-yl1)-2,5-diphenyltetrazolium bromide(MTT
assay)g AR&8te] PsATH20). MTT assay= Al E2] A
& 5A 3t W 224 AoglE A EY rlEE e o}
2] dehydrogenase?} &4 =44 2ol MTTe| 23 dark
blue formazang AAd3le= 2] & o] &g}

ol & g8 7t Al ZFE 1X10° cells/well?] =2 B33
24 wellell Zkz+ 1 mLA A 7}sbe] 2447k %-<F 37°C, 5% CO-
incubatorel] Wi}t ¥ e F{E R EE 27t dA e
dimethyl sulfoxide(DMSQO)ell =<4 100, 200, 300, 400 2
500 ng/mLe| =2 AH7bebsiTh 48417k vl ok 3 Zb welle|
PBS ¢hZ Mol = MTT £4-& 100 pL# & 7}3}od 44 7H
ot ohA] wieFA 7] & well vkl ¥4 € formazane] &
AR oA AHE MG A A 8 DMSOS} ethanol&- 1: 12 &
g & 1 mLE A7Hste] A3 4] ¥ Multi-detection
microplateS ©]43}9d 570 nm, 690 nmeol| 4] 233 8}gc}. =
ET AEFE 100% 2 A3l AN A A EZEA Zo§

& Fahedek

Quinone reductase(QR) 7 &4 &3

Quinne reductase(QR)E phase [I %53} 34 9] s}
2 Edwlo] = kA Sl 93 DNASHe] 43 24
+ 2bshe E40)9, NADPHE ©]8-3% quinoneH2
Y& =v)sle= flavoproteino] v}

QRAA $= E.i}h Prochaskaﬁ} Santamaria(2l)9] u}

o

HepG2Al 28 £33}, incubatorell 244 7+%
ok wiekgh - =Pk 8 E-S 7h2k DMSOe| e 25, 50,
75 2 100 ng/mLe s =2 A7istar ohA] 244 7H53t wi o
g ohF wfoF & AAS A} iz 7F A AE 2 wellell 250
L] lysis buffer(10 mM Tris—Cl, pH 8.0, 14 mM NaCl, 15
mM MgCls, 0.5% NP-40)& &7} & 37°C, 5% CO: incu-
batoroll 1027t A cell-& lysisdt ¥ reaction mixture =,
10 mM Tris—Cl(pH 7.4}, 0.5 mg/mL BSA, 0.008% tween-
20, 40 UM FAD, 0.8 mM glucose-6-phosphate, 2 U/mL
glucose-6-phosphate dehydrogenase, 25 pM NADP, 40 nug/
mL MTT % 1 mM menadione-s £33} 7} wellol 1 mL
¥ A7bsted 58 F weAA & vhs AR LA 103
mM dicumnarol, 0.5% pyridine, 5 mM potassium phosphate
(pH 7.4) E3+45 250 ul4 A7iste] A 4ukgE A= A19)
I Multi-detection microplateg- ©]-&&}t 610 nm°ﬂ A FE

g ZAsto] AAbstdnh oo D aleke
well plateol] )3 crystal violet 93 Auly] o=
24 well plateel] 1% 10* cells/well ¥ =2 5
COz incubatorell A 24 7k vl oFgt & S-F2 287 Al 33}
gt 2 wellell 0.5% SDS(in 50% EtOH) €48 1 mLA
7¥8ked 37°C incubatorell 14] 7} #FA g 5 610 nmell A &%
=g A3 rh22).

Quinone reductase &4 =3 (nmol/min/mg protein)<
+3 ko] stsdch

Specific quinone reductase (QR) activity

_ absorbance change of MTT/min % 3345 nmol/mg

absorbance of crystal violet

DPPH radical &7&d &3 :
DPPH(1,1-diphenyl-picryl hydrazyl) radical 4=&4
A3} Blois®] Wil W ste] AR&-8hTH(23). 100 ppm
FTEo mapke] 225 E FEE g guA gle it
3}ha ol Vit. Co} butyl hydroxytoluene(BHT)E & TF L&
AF4-319d 96 well platedl] 160 uL-E 22 0.2 mM DPPH 40
L& H7tehe] vortex® F U 3HA| 58 o} Al29] Al
ol A 3087 g ¥ Multi-detection microplate® 520
nmolj4] F#E & A 3}¢ vt DPPH radical 2718 &3
t}-&-3} zFo] electron donating activity(EDA, %)% T3}
A4k sksd et
(Blank - Sample)
Blank

EDA(%) = x 100

EAEA

a2 2 A RERYEH Ay ZA5E2L Student’s

A g
t-test& °o]-&3to] S AF3hAdch

fﬂL‘-TrE/H Algod H%ELT’— A= ZAMKSF)d w &
< 1:52 33] &3] X EE(SFM)&
hexane(SFMH), ethylether(SFEE), ethylacetate(SFEA), bu-
tanol(SFMB) ¥ 4=&(SFMA)9| 4wl 2 23l 35}qd o, 7}
A5 Lol F55 4 2359 £82 Table 13} 2t}

=4
P, o) FE2EL

Table 1. Yields (%) of various solvent fractions of Sargas-~
sum fulvellum

Fraction Yields (g) Yields (%)
Extracts 16.79 16.79
Hexane fr. 1.48 8.81
Ethylether fr. 0.13 0.77
Ethylacetate fr. 0.61 3.63
n-Butanol fr. 3.21 19.12
Aqueous fr. 10.51 62.26
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B g M= st Z 353 A EE o]&-3he 2t 4]
E A7 #-& 9] MTT assayE of 83t AL HA
EH}E Rgkon] A48 A 2} F A F A £ Hela,
Ao} AlE] HT29 2 ZHhAl 59 HepG2 & AHE-314 2,
A E= A EE A L BE va A o)
Fig. 1 A 7ketAl 2591 HepG2ell &0l 2+ A8 &
2] =& 100, 200, 300, 400 2 500 pg/mlA FEE5 Z7}4]7
o A7ketd g o Al 54 AE hbd Zlov ok &
Luf) B3 2| v)4l ethyletherZ] SFMEE®} ethylacetate
29] SFMEA®|A] L &3}7} 013 5oyttt SFMEEZ2] 7
£ A ®& F57} 100 ug/mL2 718 S o ofw] 92%<] %2
FAZ FA AHE Bgon $2r TUHEFE T4 oA
AE 2R #2 = vhrt 400 ng/mLoll A& thAa ZFAaste
73 & Btk SFMEAS 9] 79+ 300 ng/mLE #7134
& u) QM E =X &} AA}r) Z7bE ] 78%] AntE
Ba A& g2 oA oz Fristed 500 ng/mLE # 7}
S di 91%9 =& &7} vebsdl
AAGAEZT-Q HT29¢l et A E 24 A 3=
Fig. 241 et Ao}, Fig. 2%+ Fig. 19 HepG2 Al £5+) o
g Al E B b Aol A2} o] SFMEEZ 3 SFMEAS
ANA L FAAAH EAE vgen 1 7} AT Hep(2
o A o} +A13kadet. 2 SFMEEZ9} 7 $- 200 ng/mlL 3 7}A]
oln] 97%2] A E2] Aol AAHA} ¥ =FE F7HA

o

100

80

Inhibition (%)
IS =3
S} S

%3
o

0 100 200 300 400 500

Concentration (pg/mL)

—e— SFM —— SFMH —A— SFMEE
—3—SFMEA  —%— SFMB —eo— SFMA

Fig. 1. Inhibitory effect of various partition layers from
methanol extract of Sargassum fulvellum on the survival of
HepG2 cells.

SFM: methanol extracts of Sargassum fulvellum, SFMH: hexane
fractions of SF, SFMEE: ethylether fractions of SF, SFMEA:
ethylacetate fractions of SF, SFMB: butanol fractions of SF,
SFMA: aqueous fractions of SF. Cells were cultured at a starting
density of 1x10” cells/mL in DMEM. The effects of SFM on the
cytotoxicity determined by MTT assay. Values are means = SD
of three-independent experiments. p<0.05 for all conditions with
SFM as compared to control conditions.

100

=2 [+
o o

Inhibition (%)
5
<)

20
0
20 A . \
0 100 200 300 400 500
Concentration (ug/mL)
—e— SFM —m— SFMH —a— SFMEE
—¢—SFMEA  —%— SFMB —e— SFMA

Fig. 2. Inhibitory effect of various partition layers from
methanol extract of Sargassum fulvellum on the survival of
HT29 cells.

Values are means = SD of three-independent experiments. p<0.05
for all conditions with SFM as compared to control conditions.

ol % 2 8 22 {28l th SFMEAZ2] 7 -$- 300 ug/
mL #7HA) oF 66%2] 54 A3rp vebges 400 ng/mL
A7Pe ol A= 98%9) o -2 AE vehdisler
Ex AR 2 AHE fRFd)h o] AEFeAE
methanol %89 SFMZ3} hexane £33l SFMHe|A
2300 ug/mLe] FEARE FE o 2A 0T A E 54
Z3rp A8 eldr] Alabste] 500 ug/mLell A= 2
83%, 4% &HE walch

Fig. 3& A3 73 %<t A 25 HeLaol tHgt 2xpdl &

.l:.ﬁo

100

80

60

-3
o

Inhibition (%)

20

0
.20 L
0 100 200 300 400 500
Concentration (ug/mL)
—a— SFM —a— SFMH —a&— SFMEE
—¢—SFMEA  —x— SFMB —e— SFMA

Fig. 3. Inhibitory effect of various partition layers from
methanol extract of Sargassum fulvellum on the survival of
Hela cells.

Values are means T SD of three-independent experiments. p<0.05
for all conditions with SFM as compared to control conditions.
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g3 7k -85S gk A3els A4 Fig. 1 € Fig. 29
Ao} v]Sgt oFAHS BTt &, SFMEEZ-9] 7 -9- 200
=4 &3-F vehlglaL SF-
MEA% 3 SFMH%& F= &X 22 1 37} 249l
Al Z7}sted 300 ng/mLY FxellA] 2ZH4 66%, 68%2] 54
&2 wql 7 500 pg/mLY FEell A+ 27t 98.27, 96%2]
ol =& A E B4 AE el g SFMS) A1
= 5% & o sk 54 A} vkt 4003 500 ng/
mL A7t A 27 82.94% H 90%9] BA E A7} vhebyde)
A A E A B A EZEA Bihes A Tl v] 5t
G AZ 548 neor 57149 A8 858 500 ng/
mLA7} FEoA A= o2 of 40%2] Aal&E Bk
ol 2] Aol A 2143k 3F9] s EFw BF 27| F
EolAE SFMEEA A Ald FAE 45971 5152, SF-
MEAZ2| A& 71 A 89 & T/ vet v =
dexor 1 ¥y} AA 3T GAETAA ZF v
ES A Z 54 Z3)7) vhebydoh s HT299 Hela Al 25
ol 41 ¥ mathanol® SFM3} hexane% < SFMH| A = -2
A ZAHE vheEb o
ole} -2 AlE Awlol|x] mAtule] QM E F4 EHE H
ol Me]&4 £ ethylether® 3} ethylacetateZ ol 4
e Fd F2 EAdvte A2 28+ Uded o
ohzre A xS avte Had abshAl e ot W9 & g4k
5 2] 32 9= polyphenolZH-2] phenolid $471&8 %
g BAE AT 9lor Ays) Al A dAF gloh

LR
% 8
o

s

Quinone reductase(QR) ®T SMd=Em}

B ol Fo| A}2-% quinone reductase(QR)+E phasell %
3 2459 st Sdwo] i uehEA Foll 93 DNA
o}o] A} & 2-g-g Algtste fdo]o NADP)HE o8-8
quinone®-2] U8 ZvslE= flavoproteind £olr}, &
QR-& phase I E4A12] A L&A ZA] vhokgt 79 3¢t
EA-o - FA o] FrEH A E A EF= EAE
Zhx) a2 9loeu 2 gldu; E21 9] galof o] AL-&-5 o] ghr)

FAE 54 Bl AFE-EF 352 JAE F YA qui-
none reductases 7F2] 7 ¢} = 72Fb Al 2 F¢l HepG2 M| 23
F A g-sle] gt =589 571x] B82S 0] 83 QR
5849¢& 343 Z7E Fig. 491 2ok HepG2 A £57
gk gul Al 2883 2hzk 25,50, 75 2 100 pg/mL
A H713-S oo 43t 49 cytotoxicity 2 Fell A 9} wh
7HX & SFMEEZ<| A4 #-& QR =& o] vrepwt vhg
L2 83 SFMHZ A £A vetwtch zeiv HAE 54 &
A7} #d SFMEASS L if’)rﬂ 0}—7? olefstgiet. of 2
= Shim $(24)8) -7 As}e} vl4=3t oA °Uﬂi =
§ kst ol QR HEme] A 3&74]{— &
gl s 4
SFMEEZ-Z o} & i 7] *]E. é7} L:—°J 25 llg/mL-‘q
FTXol A 2Tl ulgf olv] 2908 2] %2 QR FEEAE

Specific activity (ratio)

0 25 50 75 100
Concentration (ug/mL)

—&— SFMEE -—A&— SFMEA
—3— SFMA

—eo— SFMH
—»— SFMB

Fig. 4. Effects of various partition layer from methanol ex-
tract of Sargassum fulvellum on the induction of quinone
reductase in HepG2 cells.

vheho] 50 ng/mL S EAH7HAAA] AL T +EA &
g vhebglont ool FE 29 Aashe B e BAdth

A

SFMHZ& ¥ = 9|24 22 QR #% A7} 214 ol
Z7}8ko] 50 ug/mLolA QR F-= &Ado] <k 2wl 7hak =gl 2
o, AFAH 75 =]l 100 pg/mLolA HHET 1.0 H] 3| 2.56
W2 e Sl dE A R e FEelA 2 QRE
2843 vebisieh. o] 42 A el 4] mApREe) of 2 Lo
£3 8 3 SFMEEZ# SFMHZ oA bellwl=] £ &
QR fr=84& oo ng o] 8 Zd x| ok A A
F4% & el

O

quinone reductase?} inducer’} &4 &

DPPH =Hs &3

2 & 20| ghiqtgatel Ak of g Qx| A3
A& 4w 2. 7] $)slo] DPPH radical-& ©]£-8 DPPHA7 &
S ZA st Table 2). 2P| methanol =% & 3 o4t
o7 2 el d4kskAlQl BHTS} Vit. CE &7 2 3
o] DPPH radical 427 & ZA5ko] B3l

Table 2= A7} A2E9 5%7} 100 ppm& 2] electron
donating activity(EDA, %) Z 324, 2289 methanol
zz.&A EDAx= 69. Gltyo:! o n;i olu}.;d oz \:q o]-g% ;{] ?ﬂ—
AbghAl el BHT9} Vit. C= 2h2F 68.21% 2 70.36% 2 vhef

- P B

Table 2. Antioxidative activity of Sargassum fulvellum at
100 ppm by electron donation activity (EDA)

Sample EDA (%)
SFM 69.61
BHT 68.21
Vit C 70.36

Free radical scavenging activity of the partition layer of SFM
measured using the DPPH assay.

SFM: Methanol extract of SF.

BHT: Butylated hydroxytoluene.
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F AH4Ee] methanol &8¢ A3t} o % §-x1gt EDAE 1.
Art. o9} 2& A3}z Park 5-(25)0] A 48] £F-& o] 43}
o 3AatEtE S 23§ o4 9} 7o) methanol £3 =
bikE A S el dele Ao} fAbsich &

ol o} -2 A= methanold 22 FA L5 (SEMM) e 4]
2] ¥l Al 5ollA] dF4ksF A o] =4 el Ramos %(26)gi
A8 Aol e d=]8le DPPHA A% £4-2 DNA &

& JA sk A EA ] invitrooll A 9] 3l & whele) °d
A7y 6w Faldhs A7)7F e AlS AaakA

% tdstan) g

i

Lo

o,
i
2
b

3ko{ in vitrooll

%, 2839 3

4-38te] A Z

3 Z(SFMEE)
<

REES

o 5 =
2pake 25 £

@a*ma R

& e g

= 2 7531' 2}k ethylether =
%E—y}%( FMEA)OH/H 359 A&

}_Z lr_o

3} ethylacetate
2l HepG2, HT29 ¥ ny cytotoxicity & &
oo HT29¢} HeLaoﬂ xi + mathanol $%&%(SFM)+} hex-
ane + 8 Z(SFMID A = 593 Q) FAEZ 54 £35 o}
eliglch AAA 29 liverdl £ 2Alule] R E Sn) 33
Zeell A oba 2 F4 a7t A et} o) a2t 3%
o] sbAizel g HA4 Aol s Aubx] e 2 SFMEEZ#

SFMEAZd| 9 23] 2 oAlx B4 Exo| =gk o
S oldrh @ QA ZEohAl £559l HepG2E o} 4311 QR

HA R 34 3RS 548 A3 SFMEEZ S o} g o
Z7] A7 5% 25 ug/mLoA A, 2Tl v] 4l o) n] 2.89u)
ol 22 QR % &4 EE B3, SFMHEL 55 9 &

A o2 1 Z3rt Frhste] #F FE<l 100 ug/mLol Al 2.56
Wo) QR f-2 &4 Z3E ehgich mabuke] DPPH rad-
ical 275& A ¥ 3.2 wauke] wigkg- 3259 DPPH
27 A 27 F4kEA Q) BHT S} Vit Co) Aste}

frAbatodeh £ Aol Avtg mapwbe vighe &5 E 45
DPPH &75& 7H &do] Exlgt glow o] At =
ZFure} in vitro 3&”&%‘%*&' A sted L 7|2 o] &
g oleh 2 A HE FH AR v mae 225
ﬁu}l‘f’é 2z} 5@3% Wﬁl GHE 54 £ FROIFAE
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