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Effects of Cancer Prevention and Immune Stimulation of Fractions from
Capsosiphon fulvescens

Nam Young Kim, Min Kyung Jang, Dong Geun Lee, Jae Hwa Lee, Jong Myung Ha, Bea Jin Ha,
Jeong Su Jang', Sang Hyeon Lee*

Department of Pharmaceutical Engineering, College of Medical Life Science, Silla University, I:Central Research Institute, Binex Co., Ltd.

The fractions of Capsosiphon fulvescens were studied to verify the anticancer and immunostimulating activity.
The fractions from the ethanol extract of C. fulvescen were prepared by the systematic extraction procedure with the
solvents such as hexane, ethyl ether, methanol, butanol and H.O. The cytotoxic effects of C. fulvescens fractions
against human leukemia cell line U937, mouse neuroblastoma cell line (NB41A3), human hepatoma cell line (HepG2)
and rat glioma cell line (C6) were investigated. Ethyl ether fraction of C. fulvescens showed the highest cytotoxicity
against all four cell lines tested. In addition, H.O fraction also showed relatively high cytotoxicity. Dose dependent
patterns were observed on all four cell lines. The immuno-stimulating effects of C. fulvescens fractions on rat
macrophage cell line (RAW 264.7) were also investigated. All five fractions of C. fulvescens extract stimulated NO
production with concentration dependant manner. These results suggest that C. fulvescens may be a useful candidate

for a natural antitumor and immuno-stimulating agent.
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Tk &7 oliet RAIEE €Y & A SUAE /sl 218l

HAE Zgiso] s grdEo] uish a7t 2ws) 10y
ol Art 1 A, ZFJELOHE S Eoll ZaHE S0l uddt

dglgdge vehdrks o

E3] MEAE & shiol OHZF_ 79 %‘—?*E Ceksh 2
g 4 e 2 ozt dd | Eg0] Hu, ol W
dxd B gUEE g LEME Y2o] Zgho] Jrhs Bavt
ALE L Art

ul Qo] (Capsosiphon  fulvescens)= =224 EF(Chlorophyta)
Zolel I (Ulvaceae)oll 3811 A MAlo] BEZ&HH g2olAle &
SO BEoHA e Rkl &2 niflolA Aalgt I71= 15em,
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1. AZF, siA 2 vhF
Ol et ZF U7 AF thalM ZF RAW- 26472
10% feal bovine serum (Bio Whittaker, Walkersville, MD, USA)
T} penicillin-streptomycin (100 units/ml, Bio Whittaker)& =&}
= RPMI 1640 (Bio Whittaker)il A1 & 01831 37C, 5% CO;
ol A1 skt A A1ZHOKSMES NB41A3, QIA] THbAIE
ZF HepG2, 7] AZIMEF Cé 10% feal bovine serum
(Bio Whittaker)3} penicillin-streptomycin (100 units/ml, Bio
Whittaker)&
(DMEM)BIRZ o]&5} 37°C, 5% COpollA] sietsisd

28k} Delbecco’s modified eagle medium

2. BEEY MR
) A O] (Capsosiphon fulvescens)E Nehds AsEolA] AF o
Ag Tk ERS4E A, 34 B gende AMA dR
71 & B3 Al FA) 10842 (w/v)Q] 80% ethanolZ &F
60CoA 8AIZF B F&EE Eolnem, F&HEZ Whatman
NO.3 &37}A](Whatman International Ltd., Maidstone, England)
Z 23] ANSIch ol
H,O0 5& 0|83lo Fig. 1o LER] WHOE 28 E T =,
&0l 2222 HASINCE

butanol, ethyl ether, hexane, methanol,

3. MTT 2A4Hg S8 Alzol thet Mzsd 58
MTT  (3-[4,5-dimethylthiazol-2-y1]-2, S-dlphenyltetrazolium

bromide)}= Sigma Chemical Co. {St. Louis, ML, USA) AM&& o]

S5Y - Sl - Zg 4 - oldd

golnrt. oAl @remEs Us7, 437
NB41A3, Q1A IS HepG2, 5 AB LM EF C6E 24
AlZd HiQFSE & 96-well plate (Roche Inc., Indianapolis, IN,
USA)oll A Z$IEre] 180 w4 EF5h, mjdo] BIEES
phosphate-buffered saline (PBS, Bio Whittaker)oll 3]43814 20
2 A7VBKICE (RIS5E: 05, 0.1, 0.01 mg/ml). HEZS o4
o] 2212 il S2ke] PBS (Bio Whittaker)E 7I5I33Ch 37°C, 5%
COpllA] 48417 &7} wiekst & widAE HASIL MIT (5
mg/mL in PBS)ENE 100 4 75k 37°C, 5% CO00A 4A17¢
S0t uleFslIgiTt 0] & DMSO 100 & @il 37C, 5% CO0lA

0~158 8¢ wSAll = WugcE

AHOKBMEF

Synergy HT
Multi-detection microplate reader (Biotek Instruments, Inc.,
Winooski, VT, USA)E 0] &3} 540 nmQ] slA&ollA] ZH6Irt.

4, Nitric Oxide(NO) E4HE £33} HdEy —’f—,@
SHE S iS4 A

plate (Roche)oll EF81TL 24A17F viFEISICE. Hi ]E Zﬂ7—19}

BN EE PBSE MASH & mjdo] BIEEE PBS (Bio
Whittaker)ol] 3}43510] 20 ™ F718190t ESs%: 05 0.1,
0.01 mg/ml). HERT2 mjgo] B & thil SEC] PBSE 716t
c} 37T, 5% CO004] 24417 Z7} vjkgh & sl 100 plo]
reaction diluent 400 & A715ld 341S ASIKCE Total NO
assay= Total NO/Nitrite/Nitrate Assay kit (R&D systems,
Minneapolis, MN, USA) A ZA10] manualE EZ 5l
™, Synergy HT Multi-detection microplate reader (Biotek
Instruments, Inc.)Z 0183} 540 nm&] THall|A] ODAYE &E

8131

An 9

.

1. migolg] diEtE F& W 2t 8mE 2

ol A7 800 gol widh olEtE FEE doli ol&
Rotary evaporator (Eylar Inc., Tokyo, Japan)Z =&E @dhd]
ZEHCOE 3 LY g FEAIRE AUrt 0] butanol,
clgsld 22lg @t

1 (Fig. 1), ¥oZx 88 EE Centrifugal evaporator (Sovall RC
5C+, Ashevrlle, NC, USA)E o]&68ld 8 AlA Y 552 &
oF A3 7373e] mido] 2EE AIFTES o 10 mg¥ LIrt

ethyl ether, hexane, methanol, HO &&

2. mj4go] BEEO| oM Eol thg N ESY
MTT?PRAsle  boRls HEYW ogEIZcglold
dehydrogenaseo]] ©)&iA1 MTT7} formazan@ 2 W3l5le RE
0186 AWHP formazanS spectrophotometerz ZHEIOZ
A cell viabilityi FE35M SFME) Uid EHE Rl
PHOEM, ZHE TAAo] i} in vivo M ZFHG] B Aol
AFEE]0] £ dye exclusion testL} [’H]-thymidine uptake assay
2O} 48 Axlo] | el xﬂéwol S4310) HESHo]
2 ojgig ot &7] Fao] gt Yo F Hol 0|8
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Hexane fraction hy o evaporation evaporation

n-BuOH fraction quuQJsr fraction

Fig. 1. Schematic diagram of sample extraction and fractionation of
Capsosiphon fulvescens.

FU937)0ll st mdolQl 7t Buf BEE
£88t A= Fig. 20l LvIERICE Ethyl
.5 mg/ml9]| Eoﬂ/\‘] U]ﬂﬁ} 2= 7o
vlal 2%9] &St Y86 24 e B3 29 3%
0.5 mg/mlo] oA 72%9] WESA ) 91’82 I/}E}WD}(Flg
2). 0= C}2 232 HexaneZ, BUOHZ, MeOHZo] H]3) =2
242 VeEhlE Aolet 71 =2 UsAd #84& Hol=
Ethyl etherZ 22EE 0.1 mg/ml.J TE Aglgr 4% ujA
o] thE Tl via] 75%2] 4

SAH BHS BEI
A2 01 mg/mle] ELolA] 63%9 4 %’;Xﬁoﬂ &
Ethyl etherd 22125 0.01 mg/ml9) &
1 tHZET ol Hlg] 48%2] S8 %’82 B 5
2 001 mg/ml9] HTollA 45%9] S 5] &4
=, UH%‘O] FEEE sLYEHOE 7Y MZd ts H4EA
ol E7E Hole ACE LERITHFg. 2).

o usHH Bus

etherd B39 42 0

Ao
=

Hexane
Ethyl ether
BuOH
MeOH
H,0

EEOO0

1.25

1.00

0.75

no treatment)

0.50

Cell viability

(Fold to

0.25

0.5

0.1 0.01
Sample concentration (mg/ml)

Fig. 2. Cell viability of human leukemia cell line U937 to the
fractions of Capsosiphon fulvescens extract. Means + SEM for three wells
are shown as fold compared with no treatment, *ANOVA p¢ 00001 compared with no
treatment. This experiment wes repeated at least twice yielding reproducible results.

47 UZoEsAE

20| HBN BHS P 2

F(NB41A3)ol| thgh mjadole) ZF 2 B
&3}& Fig. 30 LIEIRIT). Ethyl

Joi
ﬂJ

0.5 mg/ml9] oAl piRE] tHE o
BEAH S84 Y1 %5 BEEY H%
14 75%9) WA &4 LERITHFig.
3). ol T2 EEE Hexanes, BuOHZE, MeOHZEO) 1|5l =
2 &4g Ve A 29¢ 5 AT 71 22 4=2X0)
24 S HOlE Ethyl etherd B2 EE 01 mg/mlo] 555 A
Zlgt A2 vIXE] izl vl 73%2) MEX6) S4E B3
$Z 2829 22 01 mg/ml] sTolA 70%9] WSAE &
He
iz

etherd EEEQ] 2
HisH 82%9] Erlgh
05 mg/ml9 =Tol

10:

1 7

LIERHCE Ethyl etherd 2382 001 mg/mle] 5E2 A
ZD UWEI ol vls] 73%9 WSA6 E4e B3L
$5 2259 F2 001 mg/mlY koA 23%9) X &
dga L}E}”*D} Z, o] FEHER SEIAEHOE 7Y A
e B e Bole ASE UERITHFig. 3). 1
A g Rael I3 [ 7409} HI5HA A Z0KS Mo
E 1T 1 FHAET Ethyl

NeRE e
9 AZOKS M

=2 84
o 582 == gEHCR SR
EJ Hexane
[0 Ethyl ether
[0 suoH
N ™McoH
M 4,0
1.25
S 1.00 "
.- .
= 7.
= 5 078
s o
= = 050
= =
S = z
= 025
=
(4] v
0.5 0.1 0.01

Sample concentration (mg/ml)
Fig. 3. Cell viability of mouse neuroblastoma cell line NB41A3 to the
fractions of Capsosiphon fulvescens extract. Means + SEM for three wells are
shown as fold compared with no treatment. *ANOVA o< 00001 compared with no
treatment. This experiment was repeated at least twice yielding reproducible results.
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SolAli= Ethyl etherB9] 22159] M| Zo] thsh S5 &
Ho] g538] Holdl L2l E £59 48K &80 s
ZOE VIERITY mi28o]0] Ethyl etherZ B! £:59] B EEL
NEDMES] BAlg 5L JEHOE JHBIMCHFig. 5).
] Hexane
[ Ethyl ether
O BuOH
B MeOH
m N0
1.25 -
? 1.00 -
E fz‘ 0.75 = =
= = -
= 2 050
o o=
£ o0.25
[} -
0.5 0.1 0.01

Sample concentration (mg/mil)
Fig. 4. Cell viability of human hepatoma cell line HepG2 to the
fractions of Capsosiphon fulvescens extract. Means + SEM for three wells
are shown as fold compared with no treatment. *ANOVA p¢ 0.0001 compared with no
treatment. This experment was repeated at least twice yielding reproducible results.

Hexane
Ethyl ether
BuOH
MeOH
H,O

| § {a)uln]

1.25 1

1.00
0.75 -
0.50

0.25 1

Cell viability
(Fold to no treatment)

0.5 0.1 0.01
Sample concentration (mg/ml)
Fig. 5. Celi viability of rat glioma cell line C6 to the fractions of
Capsosiphon fulvescens extract. Means + SEM for three wells are shown as
fold compared with no trea'ment. *ANOVA p<¢ 00001 compared with no treatment,
This experiment was repeated at least twice yielding reproducible results.
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o] Y2 FHA HE ML ILHTOH JEH Holo 3
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A7) AN EZFRAW 264.7)0] th3t mdole] 7 2o B
29 Mg £54uE Fig 6ol VERICH mi4406]9] Ethyl
etherd FEEE9 05 mg/miQ] L9 AlFolA 718 =2 2
dol UERAAIZE QA L0 WA el 2] 23 Hdlo]
A AR FARE 28E HArkFg. 6). 282 0.1 mg/mlo)

B - olg} - 515 - ShilAl - A4 - ol

SR AR Ao 28 Atk 2X 22
A2Vt Ethyl etherZolxd ok} W& 24
mg/mi9] L9 AEHECE A7 e AT
ZE 001 mg/mlo) ZEQ] A5 A
AlESH B WEIRE Wl IR & gdRjo)E Holx =
Al 28 Aol A RARH o 88 Hole Ag ¢
UACHFig. 6). LAY nlRE] thEZo] 6l AlE Fdlol]
A et Hogd S Veilis RS & # Atk

2 d79 ZE %é’il O AEFEA AE dlE
Fol mdo)5 o]B3le & ot B g 9%t 71s
g &MY o] ks ALRE

0 ox
1
o
o
0z,
o
HT

(e
0x

O No treatment
O Hexane
[0 Ethyl ether
[ BwOH
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= 200 m M0

=

g

2 1s0 T x a s

=

2

=

£ 100

g

g

2

S

o 50

z.

|

= o

0.01
\5? Sample concentraton (mg/ml)

e
Fig. 6. NO concentration of rat macrophage cell line RAW 264.7 to the
fractions of Capsosiphon fulvescens extract. Means + SEM for three wells
are shown as fold compared with no treatment. *ANOVA p¢ 0.0001 compared with no
treatment. This experiment was repeated at least twice vielding reproducible results.
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