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The Anticarcinogenic and Antioxidative Activity of Hemicentrotus pulacherrimus Fractions in Various
Cancer Cells. Mi-Ok Shin and Song-Ja Bae*. Dept. of Food and Nutrition, Marine Biotechnology Center
for Biofunctional Material Industries. Silla University, Busan 617-736, Korea - This study was carried out
to investigate the anticarcinogenic and antioxidative activities of Hemicentrotus pulacherrimus (HP).
HP was extracted with methanol (HPM), which was then further fractionated into four sub-fractions
by using the solvent partition method, affording methanol (HPMM), hexane (HPMH), butanol (HPMB)
and aqueous (HPMA) soluble fractions. We determined the anticarcinogenic activities of these four
fractions in four kinds of cancer cell lines, such as HepG2, HT29, MCF-7 and B16-F10, by MTT assay.
Among various fractions from HPM, the HPMH showed the strongest growth inhibition effect. We
also determined the inductive effect on quinone reductase (QR) of HP fractions. HPMB fraction ex-
hibited strong inductive effects in HepG2 cells at a level of 90 pg/ml, showing inductive indexes of
2.26 compared to the control value of 1.0. The antioxidant activities of fractions from HP were also
investigated by measuring the scavenging activities of HP against reactive oxygen speicies (ROS), per-
oxynitrite (ONOO-) and NO. Among the various solvent fractions, HPMH fractions displayed marked

antioxidative activities.
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(initiation), %% 7] (promotion)$} 2 & 7] (progression) =

2
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et dle 44k F(reactive oxygen species, ROS)¥} &
JA 4 F(reactive nitrogen species, RNS)& |73
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(Henﬂcentrotus pulacherrimus)© N F=3 &2 sht=
Aol &b T AAFEA Felveted ek 27k
AMFE FA oF 3m o] el AAstar A g A=

2 Shiboltt 36l il 71e] e Aol Ak &

N

59 AL HE 2~55 cm, =ol= 1~3 cmE 14 A2 (¢
)& O3B LEGA et AT Ee TEYARTY F

2] ¢t p-galactosidase®] AA 2 54, TFAAZHE ribonu-
clease® AA @ EA 18]1 DNA polymerase o & A
250 #et A7 9 T A AEEAEA e Hek A
TERre] HaxojA 9l *ﬁﬂ-&”"ﬂ EHL A= mulg
A A o] t}H15,18,21,30,32]. £ A=
S EINE Lolr 7] 95t & e &2
o4 &2¢} Quinone reductase (QR)F%= &4 35 54

al
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W 8 B3 A 34Y02A 4802 e
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MY M=

B Ao AFE-3F WA Al (Hemicentrotus pulacherrimus,
HP)& 200613 39 A4k 71784 el A el abalet, Al
o] AF& ® A2k = ponidet p—40 NP—4O 3} menadione>
Sigma (St. Louis, USA)A} A3 A3} 3 Dulbecco’s
Eagle modified medium DMEM JqL fetal bovine serum
(FBS), phosphate buffered saline (PBS) 52 Gibco-BRL
(Grand Island, NY, USA)oA Qs om 1 & A5t A}
& 8 89 2 Acke 538 Agadn

T T H=E

>

NBRZ AN TEAAE 52442 & 2459 AR
20 =W/ V)oll aldshs dEtES H7ksh § Ao 23]
FE5tal, S WIFAHEAS A6k taA] HE
&3 oW 22 EhS 112 42 & 28] 5 & 3
AA AFEF72 DY wF5AA s41x% & FFAY
ebs FEEHPM)S Eodth o] FEF=8 o222
BHCH L) B2 B 88to] thol & 2 28 (CHoCly)
3 B35S 9o, ol F 22 (CHLCL)FS 4t
ek (LDE&dor  E8ste  HHHPMH)Y  wee

(HPMM)£ 83 401, 558 Faegfz 285
thA] FE-2(HPMB)# 43 (HPMA)S 99It) o5 7 &4
TE AN wFHee] ¥4 A2 §F EUe wEo] AR
AHE-sH 3T

M B

& A AR F AEFE FAAED HepG2

(human hepatocellular carcinoma), F¥A20 MCF-7
(human breast adenocarcinoma pleural effusion), th7<+A]
391 HT-29 (human colon adenocarcinoma)® 3| 5-9HA <1
B16-F10 (mouse melanoma)®A] 200611 5Y gh=r A £33
(Korean Cell Line Bank, KCLB)o| Al ¢} &Fe] vj A 71 3
Ao A& HT-29 Al E5% RPMII640 medium,
HepG29} MCF-7, B16-F10 M|+ DMEM mediums AH-
39 2 medium 10%9] fetal bovine serum (FBS)3 1%
100 units/mL2] penicillin streptomycin®] &% Ao = A
X5 T-75 flaskell o]&st 3 37°C 5% CO- incubatorol A1
monolayer = B %3}%3 ).

=2 A7 g3+ 3-[45-dimethyl
thiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT) assay
& AHgete] Afsiith A2 ASS 545k WHoEA
= TS EAJ] MTT7 v EZEG ol 9 g4l &
£l 9J3l4 dark blue formazang QA 3sHE &S o] &3
MTT assay [1,715 o] &35t ]2 Y3 24 AEFE 1x10°
cells/well®] =2 9311 48welldll Z+2+ 500 uL”il 2 7} a}ed
24X 7 F<¢t 37°C, 5% CO» incubatorol] A v %kt & LujEH
H 25 7M7) 94 % dimethyl sulfoxide (DMSO)®l =
o] A1 50, 100, 150, 200 2 250 pg/mle] FEZ H7skglom,
% DMS09] &t 02%2 24 a4k 4847 F¢t vjd
5 7t welloll PBS ¢a-89Hol 5 MTT &5 100 LA 7t
ato] AAIZEESE TRA] Bl FAIZTE well whEel] F4H for-
mazan®| 1A A A 45 A& AABEL DMSO9} ethanol
S 12 £33 89 1 mlE #7kste A8 59 % mul-

ti-detection microplateE ©]&3}4 540 nmolA EFLE &
Al iz A28 7)Eo R ot FuidQl A2 4
F AAES T3

P ARI3D|A S 0| &5t HIE@EHOI 2E

Zzte] N EFE Aﬂzﬂﬁ petri disholl 244 7H&¢t ok
AN oS TEAAA ) ]’(HPMH)EQ%E 50, 100, 150,
200 2 250 pg/ml B FEHZ A8l 48417 5ot a3t
T AnAE o] gske] 200 v wiER 7} wof whE oA
o Feiwists #2e ohd Olympus DP 708 o] §3he] £
a3l



Quinone reductase (QR) 7= &M &3t £H

QRS 7HA EoA F& AAHE phase O enzymed] &
THE quinones FHAAA F53HA WEIL AEY 5
wo] ofg] EFdwo] Zdo ofsf dojup= Ed e} FU43)
& HolFal HaEAd S T vtee S dr36].

B A&l o) A= Prochaska®} Santamaria®] WH[29]S 45
Hgsle] ZA8 T T-75 flaskell HepG2 Al E 7} 80%0]4F
Z48H 59 24 well plate®] 2} welloll 1x10" cells/ml %=

A

= A X E 3819 37°C, 5% CO, incubatorl| A 24417+ 5-oF
Hjoksk & WEXMA EEES HepG2e AMEAES0] 50%
He 48 HE w22 Fol 47 DMSOd 9 50, 60, 70,

80, 90 pg/mle] =2 H7Fstar thA] 24A17F vl ksl wl
FHG AAZ T ZF wellol 250 ul9l lysis buffer (10 mM
Tris-HCI pH 80, 14 mM NaCl, 15 mM MgCl,, 05% NP-40)&
A7k F 37°C, 5% CO» incubatord]l 10827+ FHA cell
lysis8F ¥ reaction mixture 5, 10 mM Tris-HCI (pH 7.4),
0.5 mg/ml BSA, 0.008% tween-20, 40 uM FAD, 0.8 mM glu-
cose-6-phosphate, 2 U/ml glucose-6-phosphate dehydrogen-
ase, 25 tM NADP, 40 pg/ml MTT 2 1 mM menadione=
Z3Fte] wellell 1 my #7hsto] 55 &<t HhEAIZ & HkE
A gAel 03 mM dicumarol, 05% pyridine, 5 mM potas—
sium phosphate (pH 7.4) &3+8-& 250 pl & @7}ske] aant
55 A A7) 32 multi-detection microplates ©]-&3}4 610
nmell X FFEE S5t ALtstrt
gl A ako 2oldl geto] well plated] ™3 crystal violet
A o 72 ARSI T 24 well plated] 2% ethanolol] =91
0.2% crystal violet &5 150 ul & H7}ska 37°C, 5% CO-
incubatoroll A Wl &R & SH4E AF ST 2 welldll 50%
offgheell <1 05% SDS &5 1 mi¥ 7Fske] 37°C, 5% CO,
incubatorell A 1A17F A8 £ 610 nmol Al FFEE S48}
%t} Quinone reductase &4 =74 (nmol/min/mg protein)<

U3k ol skl

o

* Specific quinone reductase (QR) activity

_ absorbance change of MTfI‘/min <3345 nmol/mg
absorbance of crystal violet

stAbel 53} =X

Reactive oxygen species (ROS) AAEA &

ROS AAGAHLE =A3t7]  $3l  dichlorodihydro-
fluorescein diacetate (DCFDA) assay 574 3H[24]S AH&-3}
o] 4383t} 99.9%9) ethanolel &3]3 125 mM DCFDA
o} 33} ZF4oll €313 600 U/ml esterase= -20°Cell stock
solution®. = AFskar, A¢ Al 10uM DCFDAS} 6 Ulesterse
£ sl 24" 27 dlchlorodlhydroﬂuorescem (DCFH)
S-S 22°Col A 2037 Wl et $ AFE A7EA] Aol A W
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B3 31T A 849 DCFDAE esterase & AHs}4 7}

£ o} n]g Aol DCFHZ golAlE 8%, DCFH
gk 93 AkslEof st F3-E el e 2,7 -di-
chloroﬂuorescem (DCF)¢] Atk AlZE 10 pl ¥ & H0.5
190 p¥ 93 9k$-A1712L DCFDAS esteraseS o] e
DCFHE 50 pl %713k 2537} A E Fgo] WelE ex-
citation wavelength 485 nm % emission wavelength 530 nm
o] 4 multi-detection microplate reader® %3} t}.

Peroxynitrite (ONOO') AAEA =

Crow?] WH[10]1e] 98] ONOO AAEAL S S35t
96-well microplate] samples H+E=HE FH3tx, 90 mM
NaCl, 5 mM KCI 2 100 pM diethylenetriaminepenta acetic
acid®} 10 pM DHR 123< -3} sodium phosphate buffer
(pH 74)E 7¥8i} 22]ar 10 uM ONOO #H7bet & 3%
£ 0]8-3}9] excitation (500 nm)¥} emission (536 nm)S 54

a5tk
SR AL 5

1 mM«] NaNO; %"” 1 mlol 7—T7L«] —FE 55 1ml 7tetn
0.1 N HCI?} 0.2 M citrate buffer& AFH&3}o] pHE 47 1.2,
30 2 60 082 243 I dkegolo] AFRIE 1) mlE
a9iTt. o] &g 37°CAA 1A A H ZF 1 ml A
34;}01 2% acetic acid-&9 5 ml, Griess 2] 9F(30% *AFo =
27y Z A3 1% sulfanilic ac1d9Jr 19 naphtylamineg 1:1 8] &

I~

_I

2 E3h 04 mlE 7bsle] £33 o] Ao A 1587
#2138k & 520 nmell A % lE} 275 Griess A oF U4l
Z22 04 mZ 7}ete] A7 9 B3 i o7 =Rsqn)
opAA AARYLE MRS MM B5oF HUekA ¥
B 4= g HEEE Yl

A Az

2 A9 U A9 AT 38 e Agad Qoj7) B

3
2ot feE&S 1R 412 &9 23] %%0}04 19. 23g4
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Table 1. Yields (%) of various solvent fractions of Hemicentrotus

pulacherrimus
Fraction Yields (g) Yields (%)
Methanol ex. 19.23 19.23
Methanol fr. 1.03 5.35
Hexane fr. 7.66 39.83
Butanol fr. 1.77 9.20
Aqueous fr. 7.28 37.85

*ex. extract, fr: fraction
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490 ShAEF gt HFA FE = SAE T4
A &35 2AVE] Y8 3-[45-dimethylthiazol-2-y1]-25-di-
phenyltetrazolium bromide (MTT) assayS 33ttt 74+
XY HepG2, FHEAHETA MCF-7, WddAxET:<
HT29, ¥ 3] F-hA 591 BI6-F10S AHE3IGi o 234
+ Fig. 1, 2, 3 2 4] YehlAth Fig. 12 A A EFQ]
HepG2ol A& E£8=5 72 S 50, 100, 150, 200 % 250
pg/my sEHE BF3 3 37°C, 5% incubatorol A 48417k
A &3 YEd a9e

HPMHS 9] 2% 7H¢ %2 Al E
S YR &) 100 pg/mle] =0l A
71.60004 SHAIE 524 oA &35 Yehglon sk 9&4
0" Z7late] HF B 250 ng/mlo A= 88.05%2] AT
A A a3E YUt 4822 HPMMS A & &
% w20 250 pg/mioll A 7394%9] &3E Yehflt} 18
1 HPMBZ # HPMAZ O A= HE siol A% 51.99%%
4307%9] S QAE T2 A a3E Yepfdlt) Fig 28
Y AEF) MCF-79 thgt d3to]v| HepG2e| 2o}

12

=

o]

Inhibition (%)

0 50 100 150 200 250

concentration (ug/m)

Fig. 1. Inhibitory effect on cell survival of various partition lay—
ers of Hemicentrotus pulacherrimus in HepG2 cells.
HPMH: Hexane partition layer of methanol extracts of
Hemicentrotus pulacherrimus (HPM). HPMM: Methanol
partition layer of HPM. HPMB: Butanol partition layer
of HPM. HPMA: Aqueous layer of HPM.

Zro] HPMHZ M 718 =2 A 54 o4 a%E el
At 150 pg/ml H7FS o 81.99%9] SAE 4 A&
B Hepdilon, HE5E H7F Al 0%9] HAlE F2 o
A &23= el en o2 HPMMY 4%+ A% =
%91 250 pg/mlol A 7759%9] BAE A A ErE Kol
t}. HPMB% 2 HPMAZ-ol| 4= HepG22] A 3}<} u}% THA
HAE FEAME 6294%9} 4155%9] W A E F4] oA
F34E YehgQlth Fig. 38 tige A 341 HT—29°1] 3k

19123 Yerfiglon oA HPMHS A 718 58 Sl

<4 oA B3 deiglen A s A7 A 86TT%
AE A A e dEpilon] teom aaAel
215 HPMMgol9lom] 35k 17 Al 7523%9] ShAl
Al ZE e SITh 9 5-QhA 2591 BI6F-10]
= Fig. 40 WERAATE 9P ARERE /KA ShAl S
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Fig. 2. Inhibitory effect on cell survival of various partition lay-
ers of Celastrus orbiculatus in MCF-7 cells.
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Fig. 3. Inhibitory effect on cell survival of various partition lay—
ers of Celastrus orbiculatus in HT29 cells.
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Fig. 4. Inhibitory effect on cell survival of various partition lay- Fig. 5. Morphological changes of HT29 human colon ad-
ers of Celastrus orbiculatus in B16-F10 cells. enocarcinoma cells. Cells were treated with HPMH for
indicated concentrations for 48h and were photo-
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FAE T2 AA qaE o= TEYAY AYEY =2 00 pg/mle] A2 A7t SRl A 212 146, 169, 203, 213
- - = = [ 1 AU, 1.UJ, 4.Vo, 4. =
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Al A EY =S o] FEE HUbete] 48413 v get & ':Em
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Ak dAn s ol &ate] JEjstA WelE AFS AAE - THPMB " .
Fig. 50 YERISIEE. it E8 59 w5 57 upe} oAl § 2 [COHPMA .
o W% ZHAENT FE T wEt Yo AR F 2 - .
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AAES 4 4 93 E Tl BT fEo] FEg oA »
xo gty WslE A& 4 Ik HT29 Al Z o A 9}
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o7 4
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Fig. 6. Effect of the partition layers of Hemicentrotus pulacherri-
sk 4= A AT mus on the induction of quinone reductase on HepG2
cells. Cells were cultured at a starting density of 1x10*
cells/mL in DMEM. values are represented mean+Sd of
3 repeats. Significantly different by t-test: *p<0.05,
##p<0.01 vs. control.

Quinone reductase $x &AM s1}
PAE F2 A @l ALRE 459 FAET F L3}
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Table 2. ROS scavenging activity of the partition layers of
Hemicentrotus pulacherrimus.

Sample ICs (ng/ml)"+SE”
HPMM 39.52+3.29°
HPMH 13.00+0.48™
HPMB >50
HPMA >50

Trolox (control) 10.28+0.26

Dy~ . . - .
ICso: half-maximal scavenging concentration

YSE: standard error, statistical significance: *p<0.05, **p<0.01
versus control

Table 3. ONOO scavenging activity of the partition layers of
Hemicentrotus pulacherrimus.

Sample ICs (ug/ml)l)iSEZ)
HPMM >50
HPMH 15.14%0.39"
HPMB 2451+0.72"
HPMA >50
Penicillamine (control) 551+0.24

VICs: half-maximal scavenging concentration
YSE: standard error, statistical significance: *p<0.05 versus con-
trol
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Table 4. Nitrite scavenging ablility of various fractions from Hemicentrotus pulacherrimus
Concentration Extracts”

(mg/ml) HPMH HPMM HPMB HPMA
0.04 38.67+7.267 10.01+3.13 16.77+3.60 0.09£3.51°
pH 1.2 0.2 55.00+2.07 14.02+£2.91 36.61+2.67° 1.03+£2.73°
1 68.52+1.35™ 20.44+2.55" 54.92+1.37" 9.07+2.77
0.04 22.99+0.47 297+1.03 8.23+1.78 1.59+1.48
pH 3.0 0.2 27.95+0.69 9.61+0.79 11.06+2.43" 3.37£1.19°
1 37.07+0.21° 14.27+4.30™ 24.68+1.54° 8.03+1.23°
0.04 9.63+4.82 1.93+4.40 2.67+3.58 0.59+7.34
pH 6.0 0.2 10.52+5.55" 2.22+6.03 5.33£6.05 1.78+891
1 13.33+4.69" 3.26+6.42" 11.41+4.02" 4.00+651"

UThe abbreviations of introductory remarks are the same as in Fig. 1.
YAll value are mean+SD of triplicate determinations. Significantly different by t-test: *p<0.05,

#xp<0.01 vs. control.
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