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Cytotoxic and Antioxidant Activities of Abalone (Haliotis discus hannai) Extracts
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The objective of this study was to investigate the fatty acid composition of raw and dried abalone
(Haliotis discus hannai) and to determine the effect of abalone extracts on cytotoxic activity and anti-
oxidant properties. Dried abalone was extracted with acetone/methylene chloride (A+M) and meth-
anol (MeOH), and the extracts were fractionated using rrhexane, 85% aq. methanol (MeOH), butanol
(BuOH), and water. Cytotoxic activity against HT-29 cancer cell lines was determined using the
3-(4,5-dimethylthiazol)-2,5-diphenyltetrazolium bromide (MTT) assay. Antioxidant activity was meas-
ured using a fluorescence sensitive dye, 2’-7" dichlorofluorescein-diacetate (DCFH-DA). The fatty acid
composition of dried abalone was higher (22:6n-3) than that of raw abalone, and it had a lower per-
centage of 20:4n-6 than raw abalone. Analysis of cell viability showed that the crude extract treatments
and fractions were cytotoxic, suppressing the growth of HT-29 cancer cell lines (p<0.05). The A+M ex-
tract showed a higher cytotoxic effect on the growth of HT-29 cells compared to the MeOH extract.
Among the fractions, the 85% aq. MeOH fraction showed the strongest cytotoxicity against the growth
of HT-29 cells. The highest activity in terms of scavenging reactive oxygen species (ROS) was likewise
obtained with the use of 85% aq. MeOH. Our results suggest that the 85% aq. MeOH fraction has
a potent inhibitory effect on the proliferation of human cancer cells.
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A A5 A B (Haliotis discus hanna) &2
SOl A" Ao g Zols HF 7 emSl
FAAES AL AT AELE WAES AA L §2 ARl
A & FAAZ7](Freeze drying DC400, Yamato Sci. Co.
Ltd, Tokyo, Japan)E °]&3te] 1ZAH .
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A4 A8 A7EA 75T deep freezer
(NF-400SF, NIHON FREEZER, Tokyo, Japan)ol| ¥§% =223}
ATH7F acetone:methylene chloride® 1:1 ¥l &2 E33to] 2
£ QA& T AT sto] UANT HAY & FE3A
o o] #AHE 23] whEste] A2 AR L 40T FEFAA ro-
tary vacuum evaporator (N-1000, EYELA, Tokyo, Japan)®
F%73} acetone/methylene chloride F2&(A+M)& A%
o A+M &2 F2 54 %2 4 &< methanol (MeOH)=
F23 2 AALEC AtMS} FFY MeOHZE 99 54
& MO 28] WHE ¥ w55l MeOH w822 A9t
T AUERE AU £53% F22 EUst 0 &S
Ao met e s E3sto] nHexane, 85% aqueous
MeOH (85% aq. MeOH), r+butanol (n-BuOH) 42 water #9
e AT Aol 449 FEES<S dimethyl sulfoxide
(DMSO)9| 5o AEuAZ B3 FEE 34350 AF
AH&et gl

Foto] AAstoion
s aokstd gy 7EL‘:}. -2 5% butyl hydroxy tol-
uene ( T) 3 methanol® #23et3th #2455 1 ml
# 3 % chloroform 2 ml¢ 0.2 M NaH,PO; 1.4 mlE ¥

wrkate] 47, 1952 goll A 383t U4l 2] (Combi-514R, Hanil
Sci. Industrial, Incheon, Korea) & A A ZF& AU} 0|9} 2
SRS W o g [ AaTtaE o] &sto AEFY
fr718ME ¢ds g8 g Ad< Y. Morrisond
Smith¢] WH[19]el @} %8 A2 methylationd Al %F
2l 14% boron trifluoride (BFs) methanol 1 ml¢} 7+hexane
04 mlE 7}t & 147 F3 100CAA 7FE st ATt 143t
T AeA FE3] W4AZ g nhexane 2 mlg FH4
mlE 718 & 44 47T, 1952 g°ﬂ/‘1 3R YAERY & A5
At o] dede Aavt2E ol &t {78 E

A Ak Ak B A 712 75T deep freezer

Gas chromatographyE 0|88+ X[t 2N

AZoA e AAibs 1 ul #ske] Ak B4 8 gas
chromatography (CP-3380, Varian, Santa Clara, USA)ell %
sto] A HHAb-S B TH21] A WAl BA o] AFS3E B&
o & w5 NU-CHEK-PREPA}(Elysian, USA)®] 462 standard
Aom, o] &4 columne
60 m x0.32 mm inner diameter x0.10 pm film thickness)
(Varian, Santa Clara, USA)°|t}. 71719 &4 2L in jector
250°C, detector (FID) 250°C, oven (initial 130T, 2527
175C74A 4T /min, 210C74A 1°C/min, 245C7+A 307 /

silica capillary column (CP-7856,

min), carrier gast FF< AHESHAT A 42 BEE
B9 retention timeZ} Mt HP3}AL, WEEEFEA
(22:3n-3, methyl ester)& o] &3te] FAWAS AFe G oA

A ARAEE AA peak aread] HAE

MIZEHH

S EFE 3 (Seoul, Korea) 2 ZHE AA ZALAHE
(HT-29)¢} AA A 5T A EZHT-1080)F £ ol & 47
Aol A Wt Aol A3kt HT-29 3 HT-1080 Al
X & 100 unit/ml®| penicillin-streptomycin (GIBCO, Gai-
thersburg, MD, USA)# 10% FBS (Hyclone, Logan, UT, USA)
7} g8 RPMI 1640 (GIBCO)E Ab8-3t4] 37C, 5% CO; in-
cubator (MCO-15AC, SANYO Electric Biomedical Co.,
Tokyo, Japan)oll A vl FstAA vl g T AEZE FU 2
H A EL A= AT dFd —} Phosphate Buffered
Saline (PBS)&.Z AlAH¥ F 0.05% trypsin-0.02% EDTA
(GIBCO)Z F&¥ AEE Eeste] AR & H2d &
AL MAE Y g3os ALt TAF EAHES
2 £33+ cell culture flaskel] 10 m1¥ YA F2 &3}
of Fsta, 67dmtet At g st A Aol AgetsiH

MTT assay
W) ke oAl L& 96-well cell culture plated] 5x10* cells/
mlo] HE & 100 pl¥ £F3}o] 37T, 5% CO, incubatord] A

2473k HH%W} T A AAT H 4 ARE AR 348}
o 7t well & 100 l? A71sta, 2o+ Al8d4 PBSS
100 W #7138tk o] plateg tA| 37°C, 5% CO; incubator
o A 48A1ZF Wi et Th Wl Y ¥ 3-(4, 5—dimethylthiazol)-2 5-
diphenyltetrazolium bromide (MTT) assay [4]& $1st] MIT
A% 5 mge PBS 1 mlE %9 &, 10% FBS7F &€ w7
9 mi¢t A3t 100 plE H7bska 344 <E O vl et
MTT7} HAHEE st Mj¥TE $ A E formazan 2
A& ekl 3 7 welld] FAE AR o] SEHAA YEF
FHA vhE & e MTTZF A9 WA E A A AT
WA 7k A A 2 wellol formazan 242 &8 A17]17] ¢85k
DMSOE 100 pl¥ ®F3}o 51083 ¥-&A A microplate
reader (VICTOR3, Perkin Elmer, Waltham, MA, USA)Z 540
nm A FFEE SHA o] FHEE MTTZF AlZ <
A SdE s GERH, whebA 2 welld] EA13E A E
o) A& v

P
-

MIZ LY gt -’é—(Reactlve oxygen species) S8

AX g &4 2% 2 7-dichlorofluorescin diacetate
(DCFH-DA) assay 2 %— 489 0H13]. DCFH-DA (Sigma,
USA)= M Z W] 444F 3 vh3-3te] §34&4 (dichloro-
fluorescein, DCF) & BHEo] Y& 2102 o] A& AX &0
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24T F 9tk MEZE 96 well cell culture plated]

¥ 2477 wjgska, PBSE A2 ¥ 20 uM DCFH-DAS
wello] £33} 37T, 5% CO; incubatord A 20&3F pre-in-
cubationd} 1}, Z+ wellol A2 A3ty 37C, 5% CO, in-
cubatord A 1417t W& &, DCFH-DAS §lfi Al Zz& o
Al PBSE A& F 500 uM H,0,5 A g3kl AZHE & DCF
fluorescences excitation 488 nm, emission 530 nmo| A mi-
croplate reader® &4 34t o) 27 E (blanke # controlT)
2 A& YAl PBSE A8 3H, control& 500 M H,0,5
A2 & 81, blank 2 500 uM H,O, t4l PBSE A 23k
ZAsk Ao
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Table 1. Several fatty acid compositions (% area) of raw and
dried abalone

Raw abalone Dried abalone

14:0 6.04£0.82 7.56+0.08
16:0 26.71£3.61 29.68+0.78*
18:0 7.46+0.40 6.12£0.19
20:0 3.84+0.57 3.76%0.02
Total SFA 44.35+3.62 47.42+0.97*
16:1n-7 1.16+1.01 1.42+0.01
18:1n-9 8.33+0.96 8.63+0.12
18:1n-7 8.13£2.67 9.39£0.13
20:1n-9 1.39+0.94 1.46=0.01
Total MUFA 25.70+1.68 24.19+0.26
18:2n-6 1.27+1.14 1.48+0.03
20:4n-6 11.69+0.26 8.25+0.114*
20:5n-3 6.68+0.09 6.25+0.03
22:4n-6 2.08+0.50 2.66%0.00
22:5n-3 6.10+0.48 5.65+0.03
22:6n-3 1.80+0.17 2.04+0.17
Total PUFA 30.27+2.00 26.91+2.00*

SFA, saturated fatty acids; MUFA, Monounsaturated fatty acids;
PUFA, polyunsaturated fatty acids; *p<0.05, significant between
raw and dried abalone.
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SFA)I % A EBZ AP (polyunsaturated fatty acids,
PUFA)S] ol #o4 Aol7h Yl & 2 ExsA
AH(monounsaturated fatty acids, MUFA)9| & &Foll&= A4 5
Az AE= o4 Aozt §lSlth SFA WA = 1609
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Fig. 1. Effect of acetone/methylene chloride (A+M) and meth-
anol (MeOH) extracts from abalone on the cell viability
of HT-29 human colon cancer cells. *p<0.05, significant
between the control and each extract.
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m0.01 mg/ml ®@0.05 mg/ml 00.1 mg/ml
100  —

il

85% aq. MeOH n-BuOH Water

Cell viability (%)
&

Control n-Hexane

Fig. 2. Effect of solvent fractions from abalone extracts on the
cell viability of HT-29 human colon cancer cells. Values
with different letters are significantly different at p<0.05
using Turkey’s test. *1<0.05, significant between the con-
trol and each extract; 7#Hexane, +hexane fraction; 85%
aq. MeOH, 85% aqueous methanol fraction; 7+BuOH,
mrbutanol fraction; Water, water fraction.

B 7 RIBS ¥ EHE HT29 FAZ A
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mg/mll“: | 4 83%<]
=4 a9 L}E}Lﬂ‘ziotﬂ 2IEE 7 f94o=
244

x o] E=9kth(p<0.05). nHexane ¥ nBuOH &3
=59 AY, 2 WhsEAA 44 36% B 27%9] AE=A
S Yehgith mebA AE) 85% aq. MeOH 23 &2 %A
Tol MZEAE MR A A EAS FHeta Qe AR
AsEn AEY 7|54 A dFE AY RuHA E3}
T e AAom 1 AN E st JhFAE #E &
=AY gloy AFAel SRmHI AR gtz
A 718 T vEAE o g FhEEE WYol o
SH I Qlth AR WE] a5H V5] dF 1HEd
of dElA YT o] AAS AVHY T #H 2A%G
Ase AgH oz HE3 AAo|t. Uchida 5[23]2 A&
E FEERZHE dojxl dudmd BEE22% d53ES

% HAE TS T FAL A AAANATL Bt

A 0.05 mg/ml
2000~ —e—control —©—blank —4&—A+M —8—MeOH

=)

5

3 1500 A

2]

]

€ 1000 -

o

&

o

o 500 A

32

w

0 30' 60' 90' 120

Time (min)

At AT Lee T[4 A5 WA FE=9 A2 v T
4 3 Aol JAEAE HEY 23} AE WF FEEL2
cyclooxygenase-2 (COX-2)¢] 2@ & AA A7) CD8+ T Al
2o FH} M2HAE SANA 2HH o2 FHY ¢

AR Az HolE AAAATDL BT

HE FE5E Y 2529 NE L} EHU4AT MY ARSI}
dNtH o2 F44rAE 2 superoxideE W E3+Y hydro-

gen peroxide, hydroxyl radical, &% #4+8t &

e st

FzAoR e B AAE /AR wgAo] WS AT
AT 2SI WA & dTIAE AR F

229 BYRS A AHETALHT1080)] AL o
AE W 24045 44 Ad Bdel va 48R3k Fig
So 9% BHLLE A4

HAOZ A+M —%é%% FEEE AYYS

2
<
[¢°}
@)
T
o
m-mn e}
ﬂl{ﬂ Fol'

= A a9, Flg.

=~

e

R

o

=i
.

il

(et

-3

lo

e

]

o?.: =

A2Z A A EHE U
W AoZ REEE 7 2 ‘}Ol—t— 912} 85% ag. MeOH 3
Bol o3 A4 AAEII tha o} 36%e] BHHLF
£3}% tehfgleh. Kim $(8]& a—:& Ta% W 28
o hE 2289 Fu5 B34S

r_&

_?L

nﬁ

_V_

2

N

>

o2
O % o P OEE 12
tlo o X oE é

o
Ho
i
A=)

_|>i
rlo
off
b
o[N
s N
ES
_&
S}i
I
2

b
re
_\,L
o,

g 22 Eﬂrﬂ =3
259 A3 aHde FE F
Jet o 43 g 2

el w37 428 3
& 2o)7) Stk RDBGTh Zhu SR51E AE WRO
2RE 2¥ 564 FHF HRE Bestel dug a3
g 49 25 gog 2484, 99 2 34 2ol

A} o 343
AL W A8 Fag

2

B 0.01 mg/ml
2000 1 —e—control —©—blank —&—A+M —B—MeOH

=)

5

3 1500

22

g

¢ 1000 A _

7]

2

<

o 500 A

=2

'S

0
0} 30 60’ 90" 120'

Time (min)

Fig. 3. Effect of acetone/methylene chloride (A+M) and methanol (MeOH) extracts (A, 0.05 ; B, 0.01 mg/ml concentrations) from
abalone on the production of reactive oxygen species in HT-1080 human fibrosarcoma cells.
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Fig. 4. Effect of solvent fractions (A, 0.05; B, 0.01 mg/ml concentrations) of abalone extracts on the production of reactive oxygen
species in HT-1080 human fibrosarcoma cells. 7#Hexane, r+hexane fraction; 85% aq. MeOH, 85% aqueous methanol fraction;

BuOH, nbutanol fraction; Water, water fraction.
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