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An exploratory study on the bioactive constituents

from the sponge Hyrtios erectus

Ju, Eun Shin

Division of Marine Bioscience

Graduate School of Korea Maritime and Ocean University

Abstract

Specimens of the sponge. Hyrtios erectus were consecutively extracted with
methylene chloride and methanol, reSpectively. .Gombined crude extracts were
fractionated into n-hexane,, 85% -aq.MeOH, n-BuOH and water fractions
according to solvent polarity.

The crude extract and its solvent! fractions were assessed for their
scavenging effect on DPPH radical and peroxynitrite in a non-cellular system.
There was no significant scavenging activity with any DPPH samples including
crude extracts. However, for peroxynitrite, all tested samples showed a
dose-dependent scavenging effect. Among them, n-hexane and 85% aq.MeOH
fractions showed the most potent activity, comparable with vitamin C and
penicillamine. Scavenging effect on intracellular ROS in HT- 1080 cells as
well as reducing antioxidant power on ferric ion were also measured for
crude extract and its four solvent fractions. All tested samples revealed the
strong scavenging and reducing effect on both ROS and ferric ions,
respectively, in a dose-dependent manner. In addition, all samples

significantly inhibited production of LPS-activated nitric oxide (NO) in Raw
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264.7 cells.

In the cytotoxicity assay system using the MTT reduction method, on the
other hand, the crude extract showed a potent antiproliferative effect on
HT-1080 (human fibrosarcoma) and AGS (human gastric cancer). The 85%
aq.MeOH fraction of solvent-parititioned fractions exhibited the strongest
growth inhibition against HT-1080 and AGS cells. n-Hexane fraction revealed
the next strongest inhibition effect on growth of HT-1080 and AGS cells.

Four known compounds, Ilimaquinone (1), Smenotronic acid (2),
Smenospongic acid (3), and Pelorol (4) were isolated from the sponge Hyrtios
erectus. They were also evaluated for antioxidant, antiproliferative, and
antiinflammatory effects, respectively. Compound 1 of them showed the best
antioxidant effect: 51.8% inhibition ratio | foraDPPH radical at 100 «M; 97.3%
and 97.5% inhibition ratios for ‘“authentict, peroxynitrite, and peroxynitrite
induced from decomposition-of SIN-1.'at-50. M, respectively; 60% reducing
power for ferric ion at*l' M. In laddition, all compounds dose-dependently
showed the moderate—or- weak inhibition effect against production of nitric
oxide in Raw 264.7 cells stimulated by lipopelysaccharide (LPS).

All isolated compounds)(1-4) were tested for® their cytotoxicities against
human cancer cell lines"in. witro using-MTT.<assay. All compounds revealed
the significant cytotoxicity against/human ‘cancer cell lines. Ilimaquinone (1)
and Smenotronic acid (2) displayed the significant cytotoxicites against
HT-1080, HT-29, AGS, and MCF-7 cell lines with inhibition ratios of 60, 50,
35, and 50% at 10 «M; 30, 45, 45, and 40% at 10 xM. Smenotronic acid (2)
and Smenospongic acid (3) showed the significant cytotoxicities against
HT-1080, HT-29, and MCF-7 cell lines with inhibition ratios of 45, 45, and
40% at 10 «M; 45, 30, and 30% at 10 «M.

KEY WORDS: Hyrtios erectus, antiproliferative; antioxidant; Ilimaquinone;

Smenotronic acid; Smenospongic acid; Pelorol
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=

Hyrtios &3 153 #HE vAESY 3188 ZALol A scalarane
sesterterpenoids, acyclic triterpenoids, indole alkaloids, macrolides, steroids
e XY FxHoE 553 g Ad=Sl 2HEHNeH, o
g H2 GEES AETHoE Fa% FHES Ve ZoE oy
AT Ryu et al, 1996; Qiu et al., 2004; Sauleau et al., 2006). 1 2jo|%=
NH5E Hyrtios erectus=Z2FE 88 =ZF F hyrtiosal > protein
tyrosine phosphatase 1B (PTPIB) SAAZ 2+-&3t] HINEY A2d T
o] AgEHE ALY 4 J2m(Sun et al, 2007), EZ+ hyrtiosal>
HIV-1 integrase® AE 7 Aok (44 = B HTHDu et al,
2008). 1213l Hyrtios sp.QlA\Candida albicans®] ©]AAEZAHES| &4
of tiall AAEH S A EFo) BElE 7 = 8k th(Lee et al., 2009).

B dAFolAEs oA O] Rt ARLHE S A Akslk= Al H =<
Hyrtios erectus =4-F] @"Li}, SR E T gAY aYE o
Mstn g, 9o D FIF = F 8 o] YA

Hkt

uE
0
0
<
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2. A5 E T
2.1. AR
Aol AHSH NHSE Hyrtios erectus= FEIHEY |2 A0} Z(chuuk)
ol A A=A, KIOSTEHE] AP sHEES ol A AREsIATh

2.2. A¢F 9 7]7]

F=, 29 9 B AMEE &ule EF 19 Aoks SR ¥
3+ T Column packing materials= RP-18 (YMC-Gel ODS-A, 12 nm, S-7
um)y= ARSI AL, TLC plates= Silica /gélv60 Fasy (Imm, Merck)E A&
3T High performance ‘liguid chromatography (HPLC)ll A}F-8-3F column
< YMC pack ODS-A~250x10 mm, S-5 xm, 12-mm)S AH&3IAch

9]

gakst &g A ARESE  1,1-diphenyl-2-picrylhydrazyl radical
(DPPH), 3-morpholinsydnonimines"(SIN=1), _dihydrorhodamine 123 (DHR
123)3  penicillamine . ; (DL-2-amin6-3“mercaptos3¢methyl-butanoic ~ acid)<
Sigma aldrich (ST Louis; "MOQ,—USA)lA1y FU3FHA 3L, peroxynitrite
(ONOO" )+ Cayman (Ann Arbor, ML USA)SIA -Qiste] AL&-3F3TH

M) eFo] Qa3 RPMI-16403 DMEM (Dulbecco’s Modified Eagle’s
Medium), FBS (Fetal Bovine Serum)T Hyclone (Logan, Utah, USA)°l A,
0.05% Trypsin-0.02% EDTA®} 100 units/mL penicillin-streptomycine-=
GIBCO (USA)°lA 43t Ar&3staAth ROSEFA | A& DCFH-DA
+ Molecular Probes inc. (Eugene, OR, USA)A TFUsFRIL, NO A4
=4 Addol A8E MEM (Modified Eagle Medium)¥} Lipopolysaccharide
(LPS), Griess Al¢Foll AF-&% sulfanilamide®} N-(1-naphtyl)ethylene-diamide
(NED)¥ Sigma aldrichol Al T94&A k. MTT assayS g+ kit (MTT
cell proliferation Assay)™ R&D systems (Minneapolis, MN, USA)olA]
At
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2.2.2. 717]

High performance liquid chromatography (HPLC, Dionex p580)%} Varian
RI detectorE Alg3le] gL AA L Est93, NMR A2
Varian NMR 300 spectrometerE AF-83F % .

g4aksl &4 2 MTT assay 52 4ol UV-Vis spectrophotometer
(Thermo Spectronic, England), Multi-detection microplate fluorescence
spectrophotometer Synergy HT (Bio-TEK instruments, USA), Victor3

multilabel plate reader (PerkinElmer, MA, USA)E A}F&-3F3 T

Mol w2 CO, incubator (FormaScientific,Japan)E AH&3sFR 3L, 1
2] rotary evaporator (EYELA,;JAPAN), swvacuum pump, water bath, pipet
(JBM-pipet), o#7] &5 Ak&StAH

2.2.3. A Xu]F

Ao AF83gF HT-1080 (human fibrosarcoma—cells), HT-29 (human
colon cancer cells), AGS (human"gastric “adenocarcinema cells), Raw 264.7
(macrophage cells), MCF27 (human”breast.cancer cells) A Z = SH=A|ZF
2 3Y(KCLB, Korean Cell Liné,Batik)©-= 5] 2o ol njjefsle] A
of AH&3k3Tt.

HT-1080, HT-299} AGS A3+ 100 units/mL penicillin-streptomycine 2}
10% FBSE 73t RPMI-1640 HlA|E Ab&3to] Hl<Fslelal, MCF-73%
Raw 264.7 A3 100 units/mL penicillin-streptomycine?} 10% FBSE #
7}3k DMEM HiAIE Abg-ste] wijefsiitt. e AlZE2 37C, 5%
CO, incubatoroll A HjFslRH L, viYHE MEE dFLol 5~63] viAE
WSk, 6~79 Rwhol PBSE Al A3 F, HT-1080, HT-29, AGS, MCF-7

L= 0.05% Trypsin-0.02% EDTAZE, Raw 264.7 AH|3ZE cell scraper®
2 NEZE st Al st
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i)
A

23. & 2]

231 & % £9

KIOSTEZHH W& 3|H-5E Hyrtios erectuss methylene chloride®l| 24
AZF AAANA 2EEGT 0B 28] MESAT 12 A F
methanol S ©]-&3to] mZ7IR 2 244 7F HAA A FE3HHIL o] &
HEES T o] WHOE  AojZ  methylene chloride

methanol FZH& 7Y FF3t] 27 133 g 1035 g9

]
K
2

o

=

=
=

Mo & M 1o

e
(A

=
T
=
=

F ZFEES T3 %o methylene chloride®} H,0Z &3}
methylene chloride #8353 H,0 52 AU Lol methylene
chloride #8352 ¢ &3 5 n-hexané} 85% aq.MeOHE 353}

, HHO £383&& n-BuOHS H0E B85t 2183 wyoz g
Ao Wl n-hexafier3t8 %, 85% aq.MeOH E2%, n-BuOH 3%,
H,0 B83o=2 F UL o #8s=s dAeH~27 056 g, 0.70 g,
0.70 g, 9.28 g= U ATH(Scheme-1).
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Hyrtios erectus

CH,Cl, extract MeOH extract
(133 g) (10.35 g)

Crude extract

n-Hexane
(0.56 g)

Scheme 1.
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23.2. 4 AE9 £

n-Hexane #3¥ 352 ethyl acetate?} n-hexane®] E3F-EulE AE3)¢]
silica normal-phase vacuum chromatographys A48t o™ EF 10719
F35](100% n-hexane, 5% EtOAc/n-hexane, 10% EtOAc/n-hexane, 20%
EtOAc/n-hexane, 30% EtOAc/n-hexane, 40% EtOAc/n-hexane, 50% EtOAc/
n-hexane, 70% EtOAc/n-hexane, 100% EtOAc, 100% MeOH)<S Lt 1
% 20% EtOAc/n-hexane %< reversed-phase HPLC (ODS-A, 95%
aq.MeOH)3l%] compound 1= E2|3F% 1, 30% EtOAc/n-hexane 8-S
reversed-phase HPLC (ODS-A, 100% MeOH)3t <Al compound 1S &
2] 3} A tH(Scheme 2).

85% aq.MeOH #3832 methanold VH,02), £3& & AE-3t Cis
reversed-phase vacuum ~flagsh chromatography 3F53al, ©] AT =2 50%
aq.MeOH, 60% aq.MeOH; 70% aq.MeOH, 80% ag:MeOH, 90% aq.MeOH,
100% MeOH, 100% -EtOAc®] F 771 #+¥=<dJt. I F 70%
aqMeOH %S réversed-phase HPLC"(ODS-A, . 80% aq.MeOH)3}<]
compound 1S 2|3k, “80%aq.MeOH;+90% -aq.MeOH, 100% MeOH
EYS 22 21O =2 reversed-phase’ HPLC (ODS-A, 80% aq.MeOH)3}]
compound 1, 2, 3, 45 2|3} TH(Scheme 2).

Compound 1 (Ilimaquinone): 'H NMR (CD;OD, 300 MHz) & 5.89 (1H,
s, H-19), 439 (2H, br s, H-11), (3H, s, OMe), 2.52 (1H, d, J = 13.6 Hz,
H-15), 2.41 (1H, d, J = 13.6 Hz, H-15), 1.04 (3H, s, H-12), 0.98 (3H, d,
J =6.33 Hz, H-13), 0.84 (3H, s, H-14).

Compound 2 (Smenotronic acid): 'H NMR (CD;OD, 300 MHz) ¢ 5.36
(1H, s, H-19), 4.49 (1H, br s, H-11), 447 (1H, br s, H-11), 3.91(3H, s,
methoxy), 2.81 (1H, d, J = 18.8, H-15), 2.59(1H, d, J = 18.8, H-15), 1.05
(3H, s, H-12) 0.83 (3H, d, J = 6.9 Hz, H-13), 0.79 (3H, s, H-14).
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Compound 3 (Smenospongic acid): 'H NMR (CD;OD, 300 MHz) &
448 (1H, t, J = 1.5 Hz, H-19), 447 (1H, t, J = 1.5 Hz, H-11), 2.34 (1H,
d, J = 13.5, H-15), 2.24 (1H, d, J = 13.5, H-15), 1.07 (3H, s, H-12) 091
(3H, d, J = 6.9 Hz, H-13), 0.81 (3H, s, H-14).

Compound 4 (Pelorol): 'H NMR (CD:;OD, 300 MHz) 6 6.95 (1H, s,
H-19), 3.77 (3H, s, methoxy), 121 (3H, s, H-15), 1.093H, s, H-14),
0.89(3H, s, H-12), 0.86(3H, s, H-13).

_’IO_
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n-Hexane
(0.56 g)

| silica normal-phase vacuum chromatography

100% 5% EtOAc 10% EtOAc 20% EtOAc 30% EtOAc 40% EtOAc 50% EtOAc 70% EtOAc  100% 100%
n-Hex  inn-Hex in n-Hex inn-Hex  inn-Hex inn-Hex  inn-Hex inn-Hex  EtOAc MeOH
0.02¢) (0.14 ) 0.03 g) 0.17 g) 0.13 g) (0.06 g) (0.04 g) (0.01 g) (0.03 g) (0.04 ¢)

reverse-phase HPLC reverse-phase HPLC
(95% aq.MeOH) (100% MeOH)

Compound 1 Compound 1
(18.5 mg) (25.1 mg)

85% aq.MeOH
(0.70 g)

C,g reversed-phase vacuum flash chromatography

50%aq.MeOH ~ 60% agMeOH  70%aq.MeOH  80%aq.McOH  90%aq.MeOH  100% MeOH 100% EtOAc
(0.01¢) (0.01¢g) (0.05 ¢g) (0.14¢) (0.10¢) (0.13 ) (0.11¢g)

reverse-phase HPLC
(80% aq.MeOH)

reverse-phase HPLC Teverse
(80% aq.MeOH)
Compound 1 D Compound 4 reverse-phase HPLC
(6.5 mg) 0. (0.8 mg) (80% aq.MeOH)

e

Compound 1Compo
(32.8mg) (13.

%‘ﬁmd 1C | 2C |
g-:-,:g)
—

ododlls from the

Scheme 2. )
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2.4, 343 A4 AF
2.4.1. DPPH radical 24 &4

DPPH (1,1-diphenyl-2-picrylhydrazyl)«= &}8t& 02 QA3 free radical
S JHAE 784 EFJE ¥ Heps Wk DPPHYL free radical S
AA HH g3 BRI diphenylpicrylhydrazine®] =™ =gHAS oA

91 FRE go] WA DkFigwe 1) o FBE g waste] B
A fFFE SASIY oY, 2T S E BHA (butylated hydroxyanisole),

BHT (butylated hydroxytoluene)®} vitamin C (L-ascorbic acid)E AH&-3}%1
=

DPPH Al¢F 2 mgS ethanol (15 mLol/5e] TF= DPPH ¥ 12 mL9}
3 mL9 ethanol, 0.5 mLS.DMSOE 5L H/&2 =33}l DPPH radical
solution® YHET} Z=H|¥ DPPH radical solutione cuvette®] 23 518
nme| FAFA FHFHE=-ZAF0l 0.94-097°] HEE TEE ZHIACH
F5EE X743 DPPH radical ‘solution, 900 | u Lol =H]$ AE 100 #LE
TEHEE 7S 108 $ohSisgmmong Gl O SR EE S35 A

TH(Scheme 3; Blois, 1958).
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O,;N OH

O,N

DPPH radical (violet) \

Figure 1.
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MeOH solution of sample Solution of DPPH (2 mg)
at various concentrations in MeOH (15 mL)

Shaking vigorously (10~20 sec)

Standing at room temperature (10 min)

Scheme 3. Mesuremen nging activity.

_14_
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2.4.2. Peroxynitrite 274 &4

Peroxynitrite (ONOO™) 47 &&4-2 dihydrorodamine 123 (DHR 123)9]
JbetEE ARE %23“3}15 oz w35t DHR 123
peroxynitrite®} WE-§-3te] F3FEZ Q] rodamine 12322 v TH(Figure 2).
DHR 123¢9] authentic peroxynitriteﬂ- SIN-1S A g3la 1 ¥k AAE2
FHEE S8t AIR9 peroxynitrite &A% S SASIAOH, ET
o

© 2+ vitamin C (L-ascorbic acid)®} penicillamineS AF-&3} A T

DHR 123-> dimethylformamide®l| = 242 purger|# -80TC ol B3
&t91al, H¥E DHR 1232 ARE3h7] Hof ¢hde] di ffollA 3 4st
of Aol AFESHAT Buffers, 90 mM sodium phosphate, 90 mM
sodium chloride, 5 mM potassium. chlotid¢E /33l pHE 742 Z4H3H
8-Ho 100 «M DTPA-(diethylentriaminepentd“acetic acid)ye <3stod Th
S YAERA 3H e 0] buffer® DHR 123752 MZE 3|43l A
of AMg3HT  Buffer= [ 3]4% DHR 1239 A]S9} authentic
peroxynitriteS 3 7}8Fal . Ao A 5 EZh ] & Victor3 multilabel
plate reader (PerkinElimer, "MA;* USA)Swn©83F4] excitation 485 nm,
emission 530 nmoll Al ZZ s} Adthentic peroxynitrite T4l ol SIN-1-S
A7Vete Afoe 593 WRHOE AARE & 1A 3¢ BA 7 F
ZAeATE ol= SIN-1°] NO+¢} 0, & Aol THAA ONOO &
MM 7= 3HHEE, authentic peroxynltrlte-/] H<43% DHR 1239 4k3)
oh= 29 AAFo= s douA 7] wEelth. Blank= 03 N
NaOHE AHEsIR AL, A2 triplicate® 3§33 ™, Z3+= blankE =}
7t ks Weste tizwel i WEEE A4S THScheme  4;
Kooy et al., 1994).
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Dihydrorhodamine 123

N
Figure 2. itrite (ONOQO:)-.mediat dation of DHR 123.
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Diethylenetriaminepentaacetic acid (DTPA) 100 uM

l

Dihydrorhodamine 123 5 uM

l

Incubation at 37 C for 1 min

l

Sample

l

SIN=1:200 uM or peroxynitrite-5 uM

l

Mesurement-of fluorescence intensity
Excitation wavelength’at 485 nm
Emission wavelength at 530 nm

Scheme 4. Mesurement of the ONOO™ scavenging activity.
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2.4.3. 34 F(Ferric reducing antioxidant power, FRAP) &4

ddgs SAHY] ol ARE AGT T2 IHT F, 34T A
£ 0.2 mL9 200 mM sodium phosphate (pH 6.6) 0.2 mL, 1% potassium
ferricyanide 0.2 mLE &3 o] 208 B 50C oA wESAIZl 3,
10% trichloroacetic acid 0.2 mLE F7}sled &3 FH, 10,000 rpmol Al
1083 dAEe shadvh dAEe & #, 459 05 mLet 0.1% ferric
chloride 0.5 mLE &3l 700 nmoll A &3 =& SAH3AT. dE2zT2
Z vitamin C (L-ascorbic acid)E AF83}%3 THKim & Jeong, 2014).
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2.44. A|XJY 84 4FAF(Reactive oxygen species, ROS) &A A
2.4.4.1. HT-1080 A ¥ A&& &3

NHEE Hyrtios erectus=FE QoAXl Zdo] Mz HEE A&
FdTFS Syl #1sl MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] A%< AR&3te] ERISEA T MTT assaye Al EZ 2
4% dopsle AEE WHACo=E SAHSH, ARAEo] X%
AL As mEIZE=ote] E5s G4 Ao i =d4S
e 849 MTT tetrazolium©] L EF o] HZMS = MTT
formazan[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide]©] ¥
TH(Figure 3). Al Z7} B-&55 MTT, formazans o] AASIA =M o]

g o183t AE AELL2 FHIAY.

Hj 3k M EE 96 well microsplateSlin2iX 10" cells/wello] ¥ == EF3}
o] 37C, 5% CO, incubatorol A 24A1 7k W3t FE A EZ= 8 X]
E 13 T A G welloll FEHE FH|I T AlmEs AEste oA 1
A dieFsith AlEEwA sk i FE A EE | mgml FE°
MTT AleFS *8]sto] 4AILE bl &kskat, formazan®] FA =™ MTT Al
o] Held WjAE AAF T, B formazans DMSOO| =4 Victor3
multilabel plate reader (PerkinElmer,"MA, USA)E ©|&3}t 540 nmol| A

FPE=E YA
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MTT tetrazolium (yellow)

Mitochondrial reductase

S
N/NH
[ on
4
N

MTT formazan (violet)

Figure 3. Metabolization of MTT to MTT formazan by viable cells.
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2.4.4.2. AEJY 84 2FAFReactive oxygen species, ROS) &4 &4

M 3EU ROS free radical 23732 Bl ¥F=2 < 2°,7 -dichlorodihydrofluorescein
diacetate (DCFH-DA)7} MW A free radical?} HE-g3te] FFEZ
Q1 2°,7"-dichlorofluorescien (DCF)Z 4slEl= ¥2]& ©]&3 DCFH-DA
assay= =74 3} th(Figure 4; Okimoto, 2000).

HT-1080 Al3ZZ 96 well micro-plate®] 2X10* cells/well®] =2 E3
3ke] 37C, 5% CO; incubatoro Al 24 A1 v ettt Wik A2 i
A& AAstL PBSE Aol ¥ 20 #M DCFH-DAE 7} wellel A 23}
o 2043t pre-incubation S TF. Pre-incubation¥t A|3Z 2] ZHZFe] welloll
FEER FHS ARE Y5t ,37C, 5% CO, incubatoroll Al 1A]7F
incubation ¥+ %, DCFH-DAS AASIIL PBSZ Aol % 500 u«M
H,0,& X85t A|ZHEE DCF! fluorescénces excitation 485 nm,
emission 530 nmOl|A}~+Victor3/ multilabel ' plate teadér (PerkinElmer, MA,
USA)E 43It

_21_
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2',7'-Dichlorohydrofluorescein diacetate
= (DCFH-DA), non fluorescene

Deacethylation by esterase or OH”

HO. (o) OH

Cl

2',7'-Dichlorodihydrofluorescin
— | (DCFH);non fluorescene

ROS
HO (o} o}
Cl
2',7'-Dichlorofluorescein

~ (DCF), fluorescene

Figure 4. Degradation pathway of DCFH-DA in an oxidation-induced

celluar system.
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2.5. NO (Nitric oxide) A4 A &3}

Raw 264.7 AlZE 96 well micro-plate®] 1X10° cells/wello] H == &
F3kal 37C, 5% CO, incubatorol| A 24A|13F vl FstR T Wl SH AlE=
10% FBS7} 3% MEM (Modified Eagle Medion) Bl X2 n 3gk & 27t

Zrel welldl F=EE ZHIF ARE At T 1A v sk
1AIZE Bl &, NO AAE =37 93l 1 wgmL (1 ppm)e] LPSE
A glsle] 37C, 5% CO, incubatorol| A 48A1ZF vl F3LATF Raw 264.7 Al
3Z+= LPSOl 93 A=& "ol NOE Ao AAE NOZE &4 i
A9l gsH 50 uL$} Griess A9F(0.1% N-1-naphtylenediamine : 1%
sulfanilamide = 1 : 1) 50 #LE Y-SAlA 570 nmolA 3 =5 SH3}
% TH(Figure 5; Beda et al.,.2005):
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NO,  H,0
HzNozs—<j>—NH2 AL» HZNOZS—Q—N{
Sulfanilamide
HN /\
" O

N-(1-naphtyl)ethlene-diamine

\

Figure 5. Colori
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2.6. DA 2 FAE T4 A &4

S| EF = Hyrtios erectusZH-E] Aoz EZ tst HME F4 A
g3E Flstr] Hskd  MTT[3-(4,5-dimethylthiazol-2-yl)-2,
tetrazolium bromide] A]¢FS o] &3] & ﬂ;—f_ =2 A &S =HH5 A
ok MTT assayv A2 S2A3 olles AEE (HHHO=E SA5HH,
ARG o] 243 Al A U]E:":E]O}«] g5 G4 Fgo
o3 =HAE s F& 49] MTT tetrazolium®] 2= o] HZA & o
+ MTT formazan[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide]

o] H} AEZV} BE&ESFE MTT formazans Zo] AAHIA FHH o=

o] &3t AE HEES SAHSIA

Wi FE AAIZEE 96 well micro-platedll 4 X 10 cells/wello] F == B
ato] 37T, 5% CO, incubatorol| A 24A1ZL vl Fakgth. vl ke Az wl
g w33 T kol iwello] FEEE EHEA S E A2t T
2413 v eFEt Atk =Als AR ske] EfFE HAES] 1 mg/mLe] MTT
AleFS Aejste] 4Rk Bl FSFAL formazan©] F ¥ T MTT A efo] A
g8 wRE AAT & HAAE . formazans DMSO°| =9 Victor3
multilabel plate reader (PerkinElmer, MA,USA)E ©| &3t 540 nmol| A
FEE A Ax AEE%)= TS

E]o\r

x 100

Cytotoxicity (%) =

_25_
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2.7. BAAE

AdA3= 7 5o w2l Mean + SEM (Standard Error of Mean) 2
2 YAt 48 A3Ade iz vlaE 93l statistica
programe ©] 83} p<0.05 ol A Ducan's multiple range testZ -2

< AT
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3. 2% R &
3.1. iAFE Hyrtios erecusZ2H 5] B8 EFo +x AA

Compound 1> 4] 1A= EFHow, "C NMR A 227)9]
carbon A&7} UEFSTE & 183.9, 183.6, 1622, 157.3, 118.1¢ UERS
olefinic carbon S E3} & 5749 YEFE methoxy carbon A3 &
2-hydroxy-5-methoxy-1,4-benzoquinone ring ¥ET7+Z7} SATd= AL
Bo$da, & 16129 & 10379 WERG carbon AEE 17
exomethylene olefinic F&#7%2] &A1& Yo, 'H NMR 2HE
2o § 589, & 3.83, 183 & 4.399] YERE proton AT EE o] Apal
S A A5G tHSeki et al, 1995; |Singh] et, al, 2006). L3 & 2.509]
benzylic protons ] WERGhOTH S 4.4394] /terminal methylene©] YEFS:
o} o3 REFZE WH O@E02D NMR 3= 53] o] 52| +
ZE llimaquinone & =B AP oW Fdo| Hi¥E NMR ~HEZH ¢
ol 9} Z LA FAT o] EHL ol W FE Smenospongia sp.=
H-E &2 = Ath(Figure 6,"31-36;" Table.1; Liibrand et al., 1979; Wu et
al., 1987; Kondracki &' Guyot, 1989)

ol9}  FAFSE =% compound©. 22 \compound 3°] EZ = AT}
Compound 29| “C NMR Z2#HEHo|A Yeld § 179.7, 172.3, 102.8,
91.2, 60.9 A& E2 3] methoxy group= 713! tetronic acid F-&TF
g 7H Zeg FEHJT F 6§ 201994 #HZHE AsE s
carbonyl groupS.Z AAF O™ o] FEFZ9 2D NMR A3 2 &
AwS vlwd 23 compound 29 TERE 3]]“4 = Smenospongia sp.2-
ZRE ¥ Smenotronic acidZ <l = I TH(Figure 6, 37-42; Table 1;
Kondracki & Guyot, 1999).

Compound 32| °C NMR Z~HEZHE compound 2914 YEFH §
201.9, 179.7, 1723, 102.8, 91.2 60.98] AZZo] AgATL & 175.690
quaternary carbon A&7} UYERE 2 2o compound 29} ©i-$- FAMS}
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At ol ~HERFS WHE= compound 29| tetronic acid T-E7}
AR 1 EA3FE carbonyl group®] carboxylic acidZ WA A o2 oA
Atk o] sIeHES] HAHRJ F2E 2D NMR A3dF AAE RETE

of gt EHZAIE F3} Smenospongic acidZ ZAAFH o o] EF
2 ol Dacrylospongiu elegans=F-E] &8 =] B I1E ] TH(Figure 6,

43-48; Table 1; Rodriguez et al., 1992; Lopez et al., 1994).

Compound 4= C NMR ZHEHo|A 237019 carbon A&7} YEFS
ow o] FolA & 149.0, 146.3, 143.6, 131.1, 117.9, 115.5°] Ve 6 7H
o] A&+ olefinic carbonEE AR T E3 'H NMR =HEHAE
8§ 6.959] WEE F£42E AAAE )9 methine 3 =27 WAoo s
U}9]  penta-substituted benzene alE)7} EASI= ASZ A AFT o]y
& FERTEE 8T EF=A 2D NMRAF Ol ot o] =29
T-Z+ Pelorol2 A= o ol e 8|\ H 5 E«Dacrylospongiu elegans
ZHE 2" 8} EHFigure 6, 49-54; Table 1;-Goclik et al., 2000).
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OMe
HO

Compound 1

OH

Compound 3

HO o]

MeO o

Compound 2

Compound 4

Figure 6. Chemical structure of compounds 1-4 from the sponge

Hyrtios erectus.
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Table 1. 'H and “C NMR assignments for compounds 1-4
Compound 1 Compound 2 Compound 3 Compound 4

1 244 t 236 t 414 t
236 t

2 29.1 t 29.7 t 13.5 t
29.6 t

3 341 t 341 t 43,7 t
341 t

4 161.2 s 161.1 s 340 s
161.2 s

5 41.5 s 41.3 s 585 d
414 s

6 380t 382 t 213 t
384 t

7 29.8 t 28.6 t 380t
28.6 t

8 392 d 382 d 49.4 s
39.0 d

9 44.1 s 42.5 s 66.6 d
42.1 s

10 513 d 493.d 383 s
51.1d

11 103.7 t 103.2 t 25.6 t
103.2 t

12 211 g 213 q 216 q
213 q

13 18.61q 16.9 q 3 339 q

14 17.9-q 179 q 17'7 q 16.9 q

15 33.0t 43.6_t % 203 q
439 t

16 118.1 s 201°9%s 131.1 s
175.6 s

17 157.3 s 102.8"s 146.3 s

18 183.9 s 179.7 s 143.6 s

19 103.1 d 91.2-d 1155 d

20 162.2 s 172.3 s 117.9 s

21 183.6 s 149.0 s

22 169.8 s

-OMe 574 q 60.9 q 520 q
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3.2. &4k3 A4 A F

3.2.1. DPPH radical 24 A

S| H-5= Hyrtios erectus®] methylene chloride 5% %3 methanol F%
S Pt dojR 2FEE(crude extract)S £1] SAHAZ wigl B
3} n-hexane #%3, 85% aqMeOH £33 n-BuOH 8%, H,0 &8

=& AUt} Crude extract®} Y 7§¢] &0 3 =E-S 200, 100, 50, 10,
1 wgmlL FE2 3433, =TS = BHA (butylated hydroxyanisole),
BHT (butylated hydroxytoluene)®} vitamin C (L-ascorbic acid)E& &< &
=2 5450 Adol A8

85% aq.MeOH #%3F2] 2007 ugml/) &2}t 100 xgmL &=l A
747y 25.2%, 14.7%<] DPPH ‘radical &A%< B om, I oo
10%°] "X A R3h=_radical EATS EHIATGRE A5 iz

BHA, BHT, vitamin C2} radical 227 5ol V| XA 353} S th(Figure 7).
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100 d © od B o d
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m

B0
60

40
i

d

& 5§§55§"H §
. T H B R A

1w 1

200 100 50 10 1 (200 1000 50 10 1 200 100 50 10 1 200 100 S50

DPPH radical scavenging activity [EDA%)

Con Crude ext. BHA BHT Vitamin C
unit=pg/mL
120
2
= ab pc
£ 100 d d d
= e -
= =
T &0 1
£
%“ 60
E h h
R ]
= i
2 ]
= 20 j .
o I—I k k
s R A B
200 100 50 10 1 "200<100 50 100 1 4200 100 50010 1 2003180 50 10 1 200100 SO0 10 1
Con r-hexane 85% agq.MeOH BHA BHT Vitamin C
unit=pg/mL
120
g b
a
=) bc_bc be b
g 100 o _— g g
= -
= =
g = £
=
2 80 B
E h h
¥ ]
o i
S '
]
; I—I H kK k k
5 B A B
200 100 50 200 100 50 10 1 200100 50 10 1 200100 50 100 1 200100 50 10 1
Con r-BuOH H:0 BHA BHT Vitamin C
unit=pg/mL

Figure 7. DPPH radical scavenging activity of crude extract and its
solvent fractions from the sponge Hyrtios erectus. “* Means
with the different letters are significantly different (p<0.05) by

Duncan's multiple range test.
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3.2.2. Peroxynitrite &4 &4

Crude extract®} Yl 7§ &wj &FFE<S 200, 100, 50, 10, 1 xg/mL
TEZ FA45I¥A, tIRTSEZE  vitamin C  (L-ascorbic  acid)%}
penicillamines 22 FX 2 3435t d3ol AHE3EAT

Authentic peroxynitriteg £73= 7 -9-°l, crude extract®t n-hexane &

=, 85% aq.MeOH & FoA Hold &4 & BAT. n-Hexane =8
F& 200 pgmL =9 100 xg/mL T4 ZZF 98.6%, 96.1%2]
peroxynitrite 22752 HH O™, 85% aq.MeOH #8352 200 yg/mL &
Z9F 100 ugmL F=NA Z+ZF 99.5%, 97.1%2] peroxynitrite 4275 &
BHY. 183 n-BuOH £ 55,200 ywgml %A 83.1%% AAF

< BYon w5 &I aA T BAFST. 53] n-hexane 83
I 85% aq.MeOH EEFLS flE2 vitamin C penicillamine2]
peroxynitrite &SRB wd wiet A S VAR B £ T

(Figure 8).

SIN-1°141 =49 peroxynitrite®]  73s¢-0ll =y Be &3 E°] Hold
4SS BHoM E3S) crude extract®f n-hexane 83, 85% aq.MeOH
B ZoA Hojd XS BT nHexane =3 FL 200 pg/ml F
=, 100 pgmL, 50 pgmL EF=NA ZHZF 100%, 99.4%, 96.5%2]
peroxynitrite 22752 BH O™, 85% aqg.MeOH #8352 200 yg/mL &
Z9F 100 pg/mL FZAA 22t 100%, 98.7%2] peroxynitrite A7 5=
Rt 283 #-BuOH B8 F% 200 pygmL F=0lA4 91.2%2] &A%
< BEon mRVAR vx oEAHA TS EAFAY. 57
n-hexane =3 85% aqMeOH ¥ FE thZE7Q vitamin C9
penicillamine®] peroxynitrite 2753 HnE Wk FAS R Ao

2 I S TH(Figure 9).
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Figure 8.
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Scavenging activity ofscrude~extract.and its solvent fractions

from the“sponge Hyrtios erectus»on ‘authentic ONOO™ (% of

control). “* Means /with -the different letters are significantly

different (»<0.05) by Duncan's multiple range test.
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Figure 9. Scavenging activity" of scrude“extract.and its solvent fractions
from the ‘sponge Hyrtios' erectus’>on ONOO™ from SIN-1 (%
of control). *™Means with the\different letters are significantly

different (»<0.05) by Duncan's multiple range test.
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3.2.3. &4 g(Ferric reducing antioxidant power, FRAP) &4

Fats S4 9 sdge LAy AV ¢ Jﬁ sty A Ao
A= crude extracte} Yl 7§ &uwj EFZ=E-S 200, 100, 50, 10, 1
gmL FEZ 343193, 2T S Z = vitamin C (L-ascorbic acid)E &
< 52 3|45t Ao AHEsATH

Crude extracte} U] 7§ EdZFE EFiA F=7} =25 73 3
4Es YeEYl o, I F 85% aq.MeOH +8Zo 3
g5 YERH A tH(Figure 10).
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Figure 10. Ferric reducing antioxidant power of crude extract and its
solvent fractions from the sponge Hyrtios erectus (% of

control). “% Means_with ' the/different letters are significantly

different (»<0:05).by Duncan's multiple range test.
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3.24. XU A 4FAF(Reactive oxygen species, ROS) 24 &4
3.2.4.1. HT-1080 N £ JE& A
ME FFoAe A4S AFsr] Aol siHFE Hyrtios erectusZ 5
o S0o] AlES AEE v A
+ FEFES MIT assays &3l F<UsA 2™, crude extractet Wl 7§ &
1=]

FZFES 200, 100, 50, 10, 1 pg/mL FEZ 32ste] Ao A}

g

rlo
o
=
&
a
o
g
ﬁ
o
::‘4
1o
ofo
=2
s
ot
ol

7z} 200, 100, 50, 10, 1 gg/mL S50 A n-hexane 2322 78.6%,
88.2%, 89.2%, 91.1%, 94.4%, 85% aq.MeOH ®IZF2 26.8%, 71.2%
78.8%, 87.5%, 92.7%, H,0 =832 T111%, 85.9%, 91.6%, 92.3%, 97.9%
o] X AEES BP9 crudetéxtractet n-BuOH 352
T T4 80% ool Al T A= ES HATE MTT assays 53 Al
X ANEE =A ABE vlE O E  crude extract®} n-hexane &=,
n-BuOH #3852 200,100, 50, 10, 1 v g/mlL &= A, 85% aq.MeOH
Byzo 50 10, 1 peib S molANiL0 23=2 100, 50, 10, 1 s«
gmlL FEoA MxZ 4 3= AAsH T(Figure 11).
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Figure 11. Effects of crude extract and its solvent fractions from
the sponge Hyrtios erectus on viability of HT-1080
cells. *¢ Means\ \with, the  different letters are significantly

different (p<0.05) by Duncan's multiple range test.
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3.2.42 Al XY A 4FAF(Reactive oxygen species, ROS) &7 &4

MEY A AbAke ¥§Ete FEZHQ DCFE  THEAUl+=
DCFH-DAE AF&3ted A Yo &A= &4 2H4AFS DCF

fluorescence ® =4 3}FA T Crude extract®} n-hexane 8%, n-BuOH

1=}
L

3 =2 200, 100, 50, 10, 1 xg/mL &%=, 85% aqMeOH H3F =2 50,

10, 1 pgmL %, H,0 B3=2 100, 50, 10, | pgmlL FE= 34
of Ao AR, 2 BEE AR 500 4M H0.5 A%

Bl

2 F 0
EEE 1208714 308 Ao E FAHES SASAY UERTOoZE A

S5 AY3A & 500 4M H,0,Z 83 control} AF59 H,0,=
25 r

T A8 stA & blankE AHE-3FA T

NEzFOo 2 ARE3SE confrole AlEO) A agko| wlel DCF fluorecence

kol 5713 2.1 blanks="DCF fluorecence #xel-*H3s}7} =A| &t}

Crude extract?} dhAe] &n RIAFE2 gz vlusygS o
control 2T+ = blankSFH_ 717k DCF fluorecence—4rs UERH O] Al Z W)
of ¥AHE ROSE FoFCE 47 3ke 2l FUT + AATH(Figure

12-14).
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Figure 12. Effects

intrac@ R
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HT-1080
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Figure 13. Effects of n-hexane and 85% aq.MeOH fractions from the
sponge Hyrtios erectus on intracellular ROS levels induced

by hydrogen peroxide in HT-1080 cells.
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Figure 14. Effects of »n-BuOH and H,O fractions from the sponge
Hyrtios erectus on intracellular ROS levels induced by

hydrogen peroxide in HT-1080 cells.
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3.3. NO (Nitric oxide) A4 A &3
3.3.1. Raw 264.7 A|X &8 =4
E

ME FFAe S-S AFsty] Aol siHEE Hyrtios erectusi—,—Ei

A& crude extract®} U] 7He] o EEFSo] MEY HES A=
FFES MIT assaye B3l USRS H, crude extracte} d] 7le] &uf &

o
FFES 200, 100, 50, 10, 1 pg/mL == 3|4ste] AF o AHESFAT

Z¥Zy 200 pg/mL FXEOlA crude extract #2352 68.8%, n-hexane =
352 48.2%, 85% aqMeOH w8 F-2 72.6%, n-BuOH £33 73.6%,
H,0 28 F2 73.7%2] ME AEEES HAF9 01, n-hexane 853}
n-BuOH 3= 100, 50 ugml S=oNA 27t 64.3%, 75.6%%}
77.0%, 78.2%9] MNE AESES HAFYG) 28l 1 9 BEFE9)
BE FRolA 80% <’Fe] Al AT HJUT MTT assays 53
X AEE A AYE FHOE phexane £8FS 50, 10, 1 xg/mL
TolA, 1 9ol BEZESL 100,50, 10, | _ugml F=oNA Ax &
4 AP S AN 3 h(Figure. 15):

3.3.2. NO (Nitric oxide) A4 A &¥

NHEE Hyrtios erectus®] FHo &S LolR7] 3] 945 2
21212l NO A AA&S A XUt n-Hexane £ 50, 10, 1
pgml FE2, 1 99 BIFEL 100, 50, 10, 1 pgml T== 3|4
ato] Aol AbEst L 2z Mgl 1 ugmL LPSE A 2|3k3d
o HExToRE AEE ASA &3 1 ugmL LPSE A7
control® Al Z ¢} LPSE EF AHE|stA| &2 blankE A& T

=
=
-
o 4

i3

Blanke] NO &< 46.8%%} B3} crude extract, 85% aq.MeOH &
33, n-BuOH £83F3 H,0 E8FE 100 pgmL F=olA Z+zt
59.6%, 59.7%, 61.3%, 58.0%%] NO s HAFUtH 183l n-hexane
BEYF2 ¢ 2 F52 50 pgmL FENA 51.9%2] blanke} Y]l
sl NO &3S H o320 th(Figure 16).

_44_

Collection @ kmou



Cell viability (%)

120

100

BO

60

40

20

o

a
ab

o

bc

200100 50 10 1 200100 50 10 1 200 1000 50 10 1 200 100 50 10 1 200100 50 10 1
Con Crude ext. r-hexane 85% aq.Me0OH n-BulH Hz0

unit=pg/mL

Figure 15. Effects of crude extract and its solvent fractions from the sponge

MO content (%)

120

100

BO

60

Hyrtios erectus on viability of Raw 264.7 cells. “* Means
with the different) letters jare Significantly different (p<0.05) by

Duncan's multiple'range test.

< <
de, d %é
1

00 50 10 1 50 10 1 100 50 10

Con Bk Crude ext. m-hexane B5% ag.MeOH
uint=pg/mL

Figure 16. Effects of crude extract and its solvent fractions from the sponge

Hyrtios erectus on nitrite production in Raw 264.7 cells.
¢ Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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34. A 7 FAE T4 JA =R

3.4.1. HT-1080 Al X F4] oA &3

N

;_.

A AFr 5F AMESQD HT-1080 Aol thet crude extracte} Ul 71 <]
| B8 FE=9 AE F4 A AEE MIT assays &8l SH3HS

t}. Crude extract®} u] 7§19 &v] & 3FES 200, 100, 50, 10, 1 «g/mL

Crude extract2} 4| 71¢] &£v] BEIFEL2 EF HAAG AMEZ F24 o
A &35 RAFJT}. Crude extract®} n-hexane 8=, n-BuOH £33
£ 200 pgmL F=NA 22 76.3%, 83.2%, 52.1%= EF 50%7F 4
AZ 22 o4 32 2odzdhl [ Hio 2822 200 ygml 55
A 37.9%9] AlE F2] A aTE RAFEIY. 53] 85% aqMeOH
£ ZF2 200, 100 xg/mL & =AM ZZE094.0%,93:9%°] 90%7F A+ Al
X T4 YA AFERAFReH, g2 EgFERTY ¥de F&2
50 pg/mL FEAME_72.0%S] ot Al _SAH=A EI}E HAF
%1 tH(Figure 17).

F-{E 20 ON
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con Crude ext rrhexane 85% aq.MeOH
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Figure 17. Effects of crude extract and its solvent fractions from the
sponge Hyrtios erectus on viability of HT-1080 cells.
*d Means with the differentletters are significantly different

(»<0.05) by Duncan's multiplé/range test.
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3.4.2. HT-29 Al 2] A &34

1A AR AlERQ HT-29 Ao th3h crude extracte} W] 712 &
BEYZFE9 ME Z4 A AZE MIT assays T3l SA3AT
Crude extract2} Yl 7§¢] &w] B ZFE<S 200, 100, 50, 10, 1 pg/mL &
T2 g4t Aol AT

n-Hexane #3F9] 200 pygmL FZoNA 672%= FHold HE 2
AA &35 HAFAh 85% aqgMeOH EFZFL 200, 100 xg/mlL &
ol A Z+7; 89.8%, 89.6%2 ME F2 oA EHE HFon,
gmlL FEAAE 31.1%9 ME F2 A a5 HAFAT. o=
of & &EYIFEol nHlal Plud =& AxE F4 A a3

U-ERA TH(Figure 18).

=
[¢)

Lo

3.4.3. AGS M X Z2"YA &3}

AA AL AEZJAGS Aol Tk crude extracte} u] 7)o &uf &
YFZE AXE F2] JANIHAEEMTT assaySn5 | SAH3ATH Crude
extract®} H| 749 %—HH B 3= 520007100, 50, 10, 1 xgmL TE=Z

Crude extract$} Yl 7l Buff £S5 ¥z Hold Ax F4
AA a5 HAFRAT} Crude extract?t n-hexane &8, n-BuOH £ ¥
£ 200 pgmL F=AANA 27t 65.3%, 87.1%, 622%= EF 60%7} 9
ME 24 QA a5 BAFAY. 53] 85% ag.MeOH #33F2
200, 100 g/mL FEOA 2+ 86.0%, 85.5%2] ME F24 oA EHE
BoFdo = 2 BYFHg Ude F59l 50 ugml FEAAE
82.4%2] HoAE M F2 JA AFHE Ho T thH(Figure 19).

rlr o
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Effects of crude extract and its solvent fractions from the

Figure 18.

sponge Hyrtios erectus on viability of HT-29 cells. *® Means

with the different, letters jare Significantly different (p<0.05) by

Duncan's multiple'range test.
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Effects of crude extract and its solvent fractions from the

Figure 19.

*f Means

with the different letters are significantly different (p<0.05) by

sponge Hyrtios erectus on viability of AGS cells.

's multiple range test.

Duncan
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3.4.4. MCF-7 NI Z2] oA &3

A Frrd AMEQJ] MCF-7 Aol thdk crude extracte} 4yl 712 S
Y ZTE9 ME F4 JA HAEE MIT assays B3l SAHSATH
Crude extract®} 4l 72 & £3FE<S 200, 100, 50, 10, 1 xg/mL &
T2 g4t Aol AT

n-BuOH E3ZL A3k crude extracte} A 719 &u) EZZFEA
oAl FAE BT, n-hexane &3 200, 100 xg/ml F%
oANA ZFzt 58.5%, 56.3% =2 50%E H& AE F4 oA EIE HoAF

Atk =3 85% aqgMeOH EIF%E 200, 100 xgmlL F=oA Z+7
86.0%, 82.1%%] Al F2 AA| EH}E, HFATH(Figure 20).

—
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Figure 20. Effects of crude extract and its solvent fractions from the
sponge Hyrtios erectus on viability of MCF-7 cells.
*¢ Means with the_different/létters are significantly different

(p<0.05) by"Duncan's multiple rangetest.
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3.5. Sg=S9 4 A4

3.5.1. DPPH radical &4 &4

NH5E Hyrtios erectusZ5F-E &3 U /M JFEES 100, 50,
10, 1 xM FEE 3435}, =T SE BHA (butylated hydroxyanisole),
BHT (butylated hydroxytoluene)®} vitamin C (L-ascorbic acid)E& &< &
T2 3|Mste] A AHESAT

=% BHA, BHT+= 100 ¢ M FXolA Z+Zy 22.4%, 7.6%< DPPH
radical &7 S HAFTE o]} B3-S S W, compound 4= 100 ¢ M
54 51.8%2] DPPH radical &7%& HoFo] =+ BHA9}
BHTRE T} ¥ ¥ DPPH radicall 27 °6/81 &£ 5% Th(Figure 21).
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Figure 21. DPPH 'radical seavenging activity’ of compounds 1-4 from

the sponge Hyrtios erectus. “"Means with the different letters
are significantly different (p<0.05) by Duncan's multiple range

test.
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3.5.2. Peroxynitrite 274 &4

NAEE Hyrtios erectus=ZFE 28d U 719 FFEES 50, 10, 1
uM FEZ2 4P, FTF O EZ= vitamin C (L-ascorbic acid)9}t
penicillamines 22 FX 2 3435t d3ol AHE3EAT

Authentic peroxynitrite2] 7 -$-°lli= compound 47} 50 M FZolA O]
Z7% pecnicillamin®] peroxynitrite 427°5(94.8%) RO ©H =2 97.3%<]
peroxynitrite £271 5= B % TH(Figure 22).

SIN-191A4 22 peroxynitrite®]] TH3] A=, compound 4= 50 «M &
EoA thxT %] vitamin C2} penicillamine®] peroxynitrite &7 53} ¥l

g Tkl 97.5%2] peroxynitrite 4 A &S/ EFU S TH(Figure 23).
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Figure 22.
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Figure 23.

50
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Compound 1

Scavenging activity of compounds

g

5
h %
h h h <4 h %
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Compound Compound 3 Compound Vitamin C Penicillamin

1-4 from the sponge

Hyrtios erectus on authentic ONOO™ (% of control). *"

Means with the\ different/| letters are significantly different

(»<0.05) by.Duncan's multiple rangetest.
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unit=pM
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o

1

Compound 1

d
=
h
i
P @ -
— _— T
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Compound Compound 3 Vitamin C Penicillamin

Scavenging activity of compounds 1-4 from the sponge

Hyrtios erectus on ONOO™ from SIN-1 (% of control). *I

Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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3.5.3. &Y (Ferric reducing antioxidant power, FRAP) =4

274 Aol

24y Sdg - dAE doH, Sdy 54

kst
A= NHEE Hyrtios erectusZH-E 223k vl 719 sFEES 50, 10,
1 uM 52 333, 2T OS2+ vitamin C (L-ascorbic acid)E
e w345l Agel AT

vl e gtetes EFOA wE7F oS A7 ddEs HEhgd

o™, 71 % compound 47} 50, 10, 1 «M F=olA control¥ H| L3N
] Z}Z} 94.1%, 84.3%, 58.3%2] FUYHL RoFom, Y e I

o
=

FEE F 7P 2 #9498 ES R A th(Figure 24).

of
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Figure 24. Ferric reducing antioxidant power of compounds 1-4 from
the sponge Hyrtios erectus (% of control). ' Means with the
different letters_arg'significantly~different (p<0.05) by Duncan's

multiple range test:
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3.6. 3FEE2 NO (Nitric oxide) A A &3}
3.6.1. Raw 264.7 Al J&& A

FEoA B8-S AYPs] Mol HEE Hyrtios erectus=5-
| 7He] stREEC] Az AEE HA= FFS MIT
assays Foll Flstdon, vl /MY FFEES 50, 10, | pgml %

ZvZy 50, 10, 1 pg/mL SXZolA compound 12 63.5%, 68.2%, 73.5%,
compound 2= 64.6%, 82.1% 96.5%, compound 3-2 83.5%, 96.5%, 97.7%
123 compound 45 64.8%, 78.1%, 79.6%2 AE AHEES HHYUh
MTT assayE &3 AEZ ASE 54 A%E M"Y C=E 355 10, 5, 1
ugml FEZ F5Usto] Aol AL-85} A THFigure 25).

3.6.2. NO (Nitric oxide) A4 A &3}

NHEE Hyrtios erectus=FE F2lgt vl M-S ESS 5 =
£ dotr7] fal (@S, Tkl Noel A AR &S SHMESE
Ul MY FFEELS 10p50T yMesEE S5l Ao ALg
7t w28 ARl ugml LPSE A Z AT HExFozE
55 AHEsA & 1 pxg/mLLPSE A&l control¥} AE%} LPSE &
A e]stA] 2 blanks AHE-3FSTH

H

A

4

Compound 2= 10 #M FEoA 655%% NO FHFS EAFIUET
]= Blank9 NO &2 59.7%%} FAM3F oz v Mo IFFEE
FoA 71 £& A &4 S UERH A TH(Figure 26).

o
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Figure 25. Effects of compounds 1-4 from the sponge Hyrtios
erectus on viability of Raw 264.7 cells. **Means with the

different letters_are, significantly/different (»<0.05) by Duncan's

multiple range test:
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Figure 26. Effects of compounds 1-4 from the sponge Hyrtios erectus on
nitrite production in Raw 264.7 cells. “° Means with the

different letters are significantly different (»<0.05) by Duncan's

multiple range test.
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3.7. FEEY AA 7 FAE T4 A 2
3.7.1. HT-1080 Al ¥ Z4 9] &3}

G S AMEZQ HT-1080 A Zo) W3 3FE 149 M Z =2
E MTT assays &3l SR COH, 3= 1-45 10, 5,
35t Aol AHE3A T

1 u

e

Compound 12 10 #M FZNA 61.5% AE F2] A 3=
AFR O™, compound 22} compound 3 FE3IH 10 uM FENA Z+
48.2%, 45.0%2] ME F2 A EH}E BT h(Figure 27).

£

3.7.2. HT-29 Al Z24] A &34

AA AAd MEQ] HT=29 AH2Zell i digh 8kt E 149 MXE F2] 94
& MIT assaye SallSAstFon, st E 145 10, 5, 1 uM &
Z 345l A& ATh

<«

b

Compound 12 107 2M &AM 47.7%2] Ax-F2 JA &35 B
oA FR O™, compound 2 ¢} _compound,4 E=FF 10 «M FZOA 7k

42.2%, 44.9%2] AlX A JA ZE B F U CH(Figure 28).
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Figure 27. Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of HT-1080 cells. *' Means with the different
letters are significantly, different+(p<0.05) by Duncan's multiple

range test.
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Figure 28. Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of HT-29 cells. *"Means with the different letters

are significantly different (p<0.05) by Duncan's multiple range

test.
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3.7.3. AGS M2 Z2] oA &7

A

o2

AA Y AEQD AGS AlEol thdt 3FHE 142 AE F2] o
55 MIT assays §3 SAsACH, 3= 145 10, 5, 1 «M &%
2 3|3t Ao AT

Compound 17} compound 4= 10 ¢M FENA 22+ 36.6%, 34.6%]
AE Z2 A @35 B oJFS TH(Figure 29).

3.7.4. MCF-7 NI 2] oA &3
AA R AIEZQ] MCF-7 AM3Zol tish st5hE 149 AHxEZ F4 o

E MIT assays &3l SAsIACH, = 145 10, 5, 1 «M

TERE 3|3t AP ALgEEATE

MCF-7 AlZ| A% compound 1°]010 uMZEFENA 48.0%%] Bln A
=& AZ F2 A TZHE B35 A THFigure30):
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Figure 29. Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of AGS cells. “® Means with the different letters

are significantly, different (»<0.05) by Duncan's multiple range
test.
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Figure 30. Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of MCF-7 cells. “*Means with the different letters

are significantly different (p<0.05) by Duncan's multiple range

test.
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4 89 % AL

S| HF5E Hyrtios erectuss 7|82 FZF3 ZFZF = (crude
extract) 2 € o o] ZFFEL TA

85% aq.MeOH, n-BuOH, H,0)2.2 H3Eslgom oo thdh 34ks}
Fdds 2 A dAE FAAA a3E FAsH.

DPPH radicalel thalAE EE AlREo] FoA &35 Ho FX
55+ 5™ authentic peroxynitrite2} SIN-104] 5% peroxynitrite®] Tl
SIA= 200 xg/mLe FX0lA n-hexane =837 85% aq.MeOH 8
o] &7 vitamin C} penicillamine?} HlnE T3 4 & B
AT LY FH HAPoA= BE AlEEC] F2 A4S HEUAL
U 53 85% aqMeOH &350l 7t ot ddd S Yehyin.
HT-1080 AlZujo] AAEHE 4 MHEFROSN T 245 FAS
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Figure 32. °C NMR spectrum of compound 1 in CD;OD.
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Figure 34. 'H TOCSY spectrum of compound 1 in CD;OD.
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Figure 36. gHMBC spectrum of compound 1 in CD;OD.
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Figure 38. °C NMR spectrum of compound 2 in CD;OD.
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Figure 40. '"H TOCSY spectrum of compound 2 in CD;OD.
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Figure 42. gHMBC spectrum of compound 2 in CD;OD.
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Figure 44. °C NMR spectrum of compound 3 in CD;OD.
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Figure 46. '"H TOCSY spectrum of compound 3 in CD;OD.
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Figure 48. gHMBC spectrum of compound 3 in CD;OD.
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Figure 50. °C NMR spectrum of compound 4 in CD;OD.
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Figure 52. 'H TOCSY spectrum of compound 4 in CD;OD.
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Figure 54. gHMBC spectrum of compound 4 in CD;OD.
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An exploratory study on the bioactive constituents

from the sponge Hyrtios erectus

Ju, Eun Shin

Division of Marine Bioscience

Graduate School of Korea Maritime and Ocean University

Abstract

Specimens of the sponge Hyrtios erectus were consecutively extracted with
methylene chloride and methanol, respectively. Combined crude extracts were
fractionated into n-hexane, 85% aq.MeOH, n-BuOH and water fractions
according to solvent polarity.

The crude extract and its solvent fractions were assessed for their
scavenging effect on DPPH radical and peroxynitrite in a non-cellular system.
There was no significant scavenging activity with any DPPH samples including
crude extracts. However, for peroxynitrite, all tested samples showed a
dose-dependent scavenging effect. Among them, n-hexane and 85% aq.MeOH
fractions showed the most potent activity, comparable with vitamin C and
penicillamine. Scavenging effect on intracellular ROS in HT- 1080 cells as
well as reducing antioxidant power on ferric ion were also measured for
crude extract and its four solvent fractions. All tested samples revealed the
strong scavenging and reducing effect on both ROS and ferric ions,
respectively, in a dose-dependent manner. In addition, all samples

significantly inhibited production of LPS-activated nitric oxide (NO) in Raw
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264.7 cells.

In the cytotoxicity assay system using the MTT reduction method, on the
other hand, the crude extract showed a potent antiproliferative effect on
HT-1080 (human fibrosarcoma) and AGS (human gastric cancer). The 85%
aq.MeOH fraction of solvent-parititioned fractions exhibited the strongest
growth inhibition against HT-1080 and AGS cells. n-Hexane fraction revealed
the next strongest inhibition effect on growth of HT-1080 and AGS cells.

Four known compounds, Ilimaquinone (1), Smenotronic acid (2),
Smenospongic acid (3), and Pelorol (4) were isolated from the sponge Hyrtios
erectus. They were also evaluated for antioxidant, antiproliferative, and
antiinflammatory effects, respectively. Compound 1 of them showed the best
antioxidant effect: 51.8% inhibition ratio for DPPH radical at 100 «M; 97.3%
and 97.5% inhibition ratios  for authentic peroxynitrite, and peroxynitrite
induced from decomposition of SIN-1 at 50 uM, respectively; 60% reducing
power for ferric ion at 1 #M. In addition, all compounds dose-dependently
showed the moderate or weak inhibition effect against production of nitric
oxide in Raw 264.7 cells stimulated by lipopolysaccharide (LPS).

All isolated compounds (1-4) were tested for their cytotoxicities against
human cancer cell lines in vitro using MTT assay. All compounds revealed
the significant cytotoxicity against human cancer cell lines. Ilimaquinone (1)
and Smenotronic acid (2) displayed the significant cytotoxicites against
HT-1080, HT-29, AGS, and MCF-7 cell lines with inhibition ratios of 60, 50,
35, and 50% at 10 «M; 30, 45, 45, and 40% at 10 xM. Smenotronic acid (2)
and Smenospongic acid (3) showed the significant cytotoxicities against
HT-1080, HT-29, and MCF-7 cell lines with inhibition ratios of 45, 45, and
40% at 10 «M; 45, 30, and 30% at 10 «M.

KEY WORDS: Hyrtios erectus, antiproliferative; antioxidant; Ilimaquinone;

Smenotronic acid; Smenospongic acid; Pelorol
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Hyrtios

sesterterp enoids,

ﬁ’giao }\gu
A Ryu et al.,

acyclic triterpenoids,
F FERACE ZES g AEEe] EYFHAoH,

1996; Qiu et al.,

3182 ZAFO A scalarane

steroids

o]

indole alkaloids, macrolides,

FHOR FaF TS AL AoE 4

2004; Sauleau et al., 2006). 71 &%=

NHEE Hyrtios erectus=HE #8]¥ =& % hyrtiosal> protein

tyrosine phosphatase 1B (PTP1B) <A|A| =
o™ (Sun et al.,

°f AsEHAE ALY
HIV-1 AALE
2008). 123l Hyrtios sp.SlA
of thall dAEPE 7HA=

integrase &

B

T

AT A= O]ﬂ‘j’é
Hyrtios erectus = 5-E]
A e,
Hoyth

et

Collection @ kmou

=20 BEHE7|E= A tH(Lee et al,

A gate] Hwkg A2 P
2007), EZF hyrtiosal-=
H A Du et al,

ol AN EZ RS E

=3

AT+
Candida

A2
albicans )
2009).



2. A5 E T
2.1. AR
Aol AHSH NHSE Hyrtios erectus= FEIHEY |2 A0} Z(chuuk)
ol A A=A, KIOSTEHE] AP sHEES ol A AREsIATh

2.2. A¢F 9 7]7]

F=, 29 9 B AMEE &ule EF 19 Aoks SR ¥
3+ T Column packing materials= RP-18 (YMC-Gel ODS-A, 12 nm, S-7
um)y= ARE3FR AL, TLC plates= Silica gel 60 Fpsy (Imm, Merck)S A&
3T High performance liquid chromatography (HPLC)®ll AF-8-3F column
< YMC pack ODS-A (250x10 mm, S-5 xm, 12 mm)S AH&3IATh

9]

gikst g4 Aol AF83  1,1-diphenyl-2-picrylhydrazyl  radical
(DPPH), 3-morpholinsydnonimine (SIN-1), dihydrorhodamine 123 (DHR
123)3  penicillamine - (DL-2-amino-3-mercapto-3-methyl-butanoic ~ acid)<
Sigma aldrich (ST Louis, MO, USA)°l|lA T3+ 3L, peroxynitrite
(ONOO" )+ Cayman (Ann Arbor, MI, USA)oll A T-Qi5te] AL&-3FSTH

M) eFo] Qa3 RPMI-16403 DMEM (Dulbecco’s Modified Eagle’s
Medium), FBS (Fetal Bovine Serum)T Hyclone (Logan, Utah, USA)°l A,
0.05% Trypsin-0.02% EDTA®} 100 units/mL penicillin-streptomycine-=
GIBCO (USA)°lA 43t Ar&3staAth ROSEFA | A& DCFH-DA
+ Molecular Probes inc. (Eugene, OR, USA)A TFUsFRIL, NO A4
=4 Addol A8E MEM (Modified Eagle Medium)¥} Lipopolysaccharide
(LPS), Griess Al¢Foll AF-&% sulfanilamide®} N-(1-naphtyl)ethylene-diamide
(NED)¥ Sigma aldrichol Al T94&A k. MTT assayS g+ kit (MTT
cell proliferation Assay)™ R&D systems (Minneapolis, MN, USA)olA]
At
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2.2.2. 717]

High performance liquid chromatography (HPLC, Dionex p580)%} Varian
RI detectorE Alg3le] gL AA L Est93, NMR A2
Varian NMR 300 spectrometerE AF-83F % .

g4aksl &4 2 MTT assay 52 4ol UV-Vis spectrophotometer
(Thermo Spectronic, England), Multi-detection microplate fluorescence
spectrophotometer Synergy HT (Bio-TEK instruments, USA), Victor3

multilabel plate reader (PerkinElmer, MA, USA)E A}F&-3F3 T

Mol w2 CO, incubator (FormaScientific,Japan)E AH&3sFR 3L, 1
2] rotary evaporator (EYELA, JAPAN), vacuum pump, water bath, pipet
(JBM-pipet), %7 & AH&SATH

2.2.3. A Xu]F

Ad&o A3 HT-1080 (human fibrosarcoma cells), HT-29 (human
colon cancer cells), AGS (human gastric adenocarcinoma cells), Raw 264.7
(macrophage cells), MCF-7 (human breast cancer cells) AXZ+ $H=A|ZF
23J(KCLB, Korean Cell Line Bank)© 2 H-E] £ nHbo}l HjeFsiod A3
of AH&3k3Tt.

HT-1080, HT-299} AGS A3+ 100 units/mL penicillin-streptomycine 2}
10% FBSE 73t RPMI-1640 HlA|E Ab&3to] Hl<Fslelal, MCF-73%
Raw 264.7 A3 100 units/mL penicillin-streptomycine?} 10% FBSE #
7}3k DMEM HiAIE Abg-ste] wijefsiitt. e AlZE2 37C, 5%
CO, incubatoroll A HjFslRH L, viYHE MEE dFLol 5~63] viAE
WSk, 6~79 Rwhol PBSE Al A3 F, HT-1080, HT-29, AGS, MCF-7

L= 0.05% Trypsin-0.02% EDTAZE, Raw 264.7 AH|3ZE cell scraper®
2 NEZE st Al st
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i)
A

23. & 2]

231 & % £9

KIOSTEZHH W& 3|H-5E Hyrtios erectuss methylene chloride®l| 24
AZF AAANA 2EEGT 0B 28] MESAT 12 A F
methanol S ©]-&3to] mZ7IR 2 244 7F HAA A FE3HHIL o] &
HEES T o] WHOE  AojZ  methylene chloride

methanol FZH& 7Y FF3t] 27 133 g 1035 g9

]
K
2

o

=

=
=

Mo & M 1o

e
(A

=
T
=
=

F ZFEES T3 %o methylene chloride®} H,0Z &3}
methylene chloride 83 H,0 #+83F<S AU €l methylene
chloride #8352 ¢ 553 5 n-hexane?} 85% aq.MeOHE 353}

, O #% %2 n-BuOH®} H,02 &35t oleidt oz &
Z Ao Wt n-hexane 3%, 85% aqMeOH £33, n-BuOH #3=,
H0 #35o= F U Ao #355< AMen, 47 056 g, 0.70 g,
0.70 g, 9.28 g= L ATH(Scheme 1).
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Hyrtios erectus

CH,Cl, extract MeOH extract
(133 g) (10.35 g)

Crude extract

CH,Cl, H50

n-Hexane 85% aq.MeOH n-BuOH H,0
(0.56 g) 0.70 g) (0.70g) (9.28 g)

Scheme 1. Preparation of crude extract and its solvent fractions from

the sponge Hyrtios erectus.
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23.2. 4 AE9 £

n-Hexane #3¥ 352 ethyl acetate?} n-hexane®] E3F-EulE AE3)¢]
silica normal-phase vacuum chromatographys A48t o™ EF 10719
F35](100% n-hexane, 5% EtOAc/n-hexane, 10% EtOAc/n-hexane, 20%
EtOAc/n-hexane, 30% EtOAc/n-hexane, 40% EtOAc/n-hexane, 50% EtOAc/
n-hexane, 70% EtOAc/n-hexane, 100% EtOAc, 100% MeOH)<S Lt 1
% 20% EtOAc/n-hexane %< reversed-phase HPLC (ODS-A, 95%
aq.MeOH)3l%] compound 1= E2|3F% 1, 30% EtOAc/n-hexane 8-S
reversed-phase HPLC (ODS-A, 100% MeOH)3t <Al compound 1S &
2] 3} A tH(Scheme 2).

85% aq.MeOH #3832 methanol? H,02] £3&E AFE-3t Cis
reversed-phase vacuum flash chromatography 3F$33l, ©] AT S =Z 50%
aq.MeOH, 60% aq.MeOH, 70% aq.MeOH, 80% aq.MeOH, 90% aq.MeOH,
100% MeOH, 100% EtOAcq] F 771 #8& dJo. I F 70%
aqMeOH %S reversed-phase HPLC (ODS-A, 80% aq.MeOH)3}<]
compound 1S E&3}H 3L, 80% aq.MeOH, 90% aq.MeOH, 100% MeOH
EYS 22 £SO reversed-phase HPLC (ODS-A, 80% aq.MeOH)3}q
compound 1, 2, 3, 45 +2|3}% tH(Scheme 2).

Compound 1 (Ilimaquinone): 'H NMR (CD;OD, 300 MHz) & 5.89 (1H,
s, H-19), 439 (2H, br s, H-11), (3H, s, OMe), 2.52 (1H, d, J = 13.6 Hz,
H-15), 2.41 (1H, d, J = 13.6 Hz, H-15), 1.04 (3H, s, H-12), 0.98 (3H, d,
J =6.33 Hz, H-13), 0.84 (3H, s, H-14).

Compound 2 (Smenotronic acid): 'H NMR (CD;OD, 300 MHz) ¢ 5.36
(1H, s, H-19), 4.49 (1H, br s, H-11), 447 (1H, br s, H-11), 3.91(3H, s,
methoxy), 2.81 (1H, d, J = 18.8, H-15), 2.59(1H, d, J = 18.8, H-15), 1.05
(3H, s, H-12) 0.83 (3H, d, J = 6.9 Hz, H-13), 0.79 (3H, s, H-14).

Collection @ kmou



Compound 3 (Smenospongic acid): 'H NMR (CD;OD, 300 MHz) ¢
448 (1H, t, J = 1.5 Hz, H-19), 447 (1H, t, J = 1.5 Hz, H-11), 2.34 (1H,
d, J = 13.5, H-15), 2.24 (1H, d, J = 13.5, H-15), 1.07 (3H, s, H-12) 091
(3H, d, J = 6.9 Hz, H-13), 0.81 (3H, s, H-14).

Compound 4 (Pelorol): 'H NMR (CD;OD, 300 MHz) & 6.95 (IH, s,
H-19), 3.77 (3H, s, methoxy), 121 (3H, s, H-15), 1.09(3H, s, H-14),
0.893H, s, H-12), 0.86(3H, s, H-13).

_10_

Collection @ kmou



n-Hexane
(0.56 g)

silica normal-phase vacuum chromatography

100% 5% EtOAc IQ“/u EtOAc 20% EtOAc 30% EtOAc 40% EtOAc 50% EtOAc 70% EtOAc  100% 100%
n-Hex inn-Hex  inn-Hex  inn-Hex  inn-Hex  inn-Hex  inn-Hex inn-Hex  EtOAc MeOH
002g) (0.14g) 0.03g)  (017g)  (0.13g) 0.06 g) (0.04 g) (001g)  (0.03g)  (0.04g)
reverse-phase HPLC reverse-phase HPLC
(95% aq.MeOH) (100% MeOH)
Compound 1 Compound 1
(18.5 mg) (25.1 mg)
85% aq.MeOH
0.70 g)
C,g reversed-phase vacuum flash chromatography
50% aq.MeOH 60% aq.MeOH 70% aq.MeOH 80% aq.MeOH 90% aq.MeOH 100% MeOH 100% EtOAc
0.01 g) (0.01 g) (0.05 g) (0.14 g) (0.10 g) (013 g) (0.11g)
reverse-phase HPLC
(80% aq.MeOH)
reverse-phase HPLC reverse-phase HPLC
(80% aq.McOH) (80% aq.MeOH) |
Compound 1 Comp d 1Compound 2 Compound 3 p d4 reverse-phase HPLC
(6.5 mg) (10.6 mg) (4.6 mg) 0.6 mg) (0.8 mg) (80% aq.MeOH)
Compound 1Compound 2 Compound 3Compound 4 Compound 1Compound 2 Compound 3Compound 4
(32.8mg) (13.1mg) (4.6 mg) (10.3 mg) (16.0 mg) (0.5 mg) (2.3 mg) (1.3 mg)
Scheme 2. Isolation of the chemical compounds from the sponge

Hyrtios erectus.

_11_
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2.4, 343 A4 AF
2.4.1. DPPH radical 24 &4

DPPH (1,1-diphenyl-2-picrylhydrazyl)«= &}8t& 02 QA3 free radical
S JHAE 784 EFJE ¥ Heps Wk DPPHYL free radical S
AA HH g3 BRI diphenylpicrylhydrazine®] =™ =gHAS oA

91 FRE go] WA DkFigwe 1) o FBE g waste] B
A fFFE SASIY oY, 2T S E BHA (butylated hydroxyanisole),

BHT (butylated hydroxytoluene)®} vitamin C (L-ascorbic acid)E AH&-3}%1
=

DPPH Al¢F 2 mgS ethanol 15 mLol o TF= DPPH ¥ 12 mL9}
3 mL9 ethanol, 0.5 mLe] DMSOE ¢ H|&=E Z3%3lo DPPH radical
solution® YHET} ZH|¥E DPPH radical solutionS cuvette®] €31 518
nme] oA FFE= SAHFC] 0.94~097°] HES FEE XA
TS5 E ZZ4 3 DPPH radical solution 900 u Lol FHI$ AE 100 #LE
TEEE et 108 Fol 518 nmo| FFoN I FFEE AN

TH(Scheme 3; Blois, 1958).

_12_

Collection @ kmou



N—N NO,
DPPH radical (violet)
O,N o
H
N——N NO, +
O,N
Diphenylpricrylhydrazine (yellow) phenoxy radical

Figure 1. Scavenging of the DPPH radical by phenol.

_']3_
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MeOH solution of sample
at various concentrations

Solution of DPPH (2 mg)
in MeOH (15 mL)

Shaking vigoro

usly (10~20 sec)

Standing at room temperature (10 min)

O.D. check at 518 nm

Scheme 3. Mesurement of DPPH radical scavenging activity.

_14_
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2.4.2. Peroxynitrite 274 &4

Peroxynitrite (ONOO™) 47 &&4-2 dihydrorodamine 123 (DHR 123)9]
AtE = ARES SAske URoe=E #4383 DHR 1232
peroxynitrite®} HH-§-3td FFEZQ rodamine 12322 H}HATH(Figure 2).
DHR 1239 authentic peroxynitrite®} SIN-1S A 2]3}3L 1 HH-g- A ES
FFEE S35t AR peroxynitrite &S SAFALH, 2T
o

© 2+ vitamin C (L-ascorbic acid)®} penicillamineS AF-&3} A T

DHR 123-> dimethylformamide®l| = 242 purger|# -80TC ol B3
&t91al, H¥E DHR 1232 ARE3h7] Hof ¢hde] di ffollA 3 4st
of Agol| AESATE Buffere= 90 mM sodium phosphate, 90 mM
sodium chloride, 5 mM potassium chlorideE =33l pHE 742 243+
8-Ho 100 M DTPA (diethylentriaminepenta acetic acid)yE <35t Th
S WYAERA 3HTh o] buffer® DHR 123& 5 4 MZE 3|43l AY
of AFE3I¥UTE.  Buffer®2 3]4% DHR 1239 AlZ9} authentic
peroxynitrite® H7}8kal AL A 5EIF WA F Victor3 multilabel
plate reader (PerkinElmer, MA, USA)E ©]83}%] excitation 485 nm,
emission 530 nmol Al =73} T} Authentic peroxynitrite T4l SIN-1-S
HA7tsle Afode 93 HoE AR & 1A% 3¢ A7
ZAeATE ol= SIN-1°] NO+¢} 0, & Aol THAA ONOO &
MM 7= 3HHEE, authentic peroxynltrlte-/] H<43% DHR 1239 4k3)
oh= 29 AAFo= s douA 7] wEelth. Blank= 03 N
NaOHE AHEsIR AL, A2 triplicate® 3§33 ™, Z3+= blankE =}
7t ks Weste tizwel i WEEE A4S THScheme  4;
Kooy et al., 1994).

_15_
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H,N o NH,

OCH;3 Dihydrorhodamine 123

Oxidation

H,N o I NH,
o)

OCH3 Rhodamine 123

Figure 2. Peroxynitrite (ONOO ) mediated oxidation of DHR 123.

_16_
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Diethylenetriaminepentaacetic acid (DTPA) 100 uM

l

Dihydrorhodamine 123 5 uM

l

Incubation at 37 C for 1 min

l

Sample

!

SIN-1 200 uM or peroxynitrite 5 uM

l

Mesurement of fluorescence intensity
Excitation wavelength at 485 nm
Emission wavelength at 530 nm

Scheme 4. Mesurement of the ONOO™ scavenging activity.
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2.4.3. 34 F(Ferric reducing antioxidant power, FRAP) &4

ddgs SAHY] ol ARE AGT T2 IHT F, 34T A
£ 0.2 mL9 200 mM sodium phosphate (pH 6.6) 0.2 mL, 1% potassium
ferricyanide 0.2 mLE &3 o] 208 B 50C oA wESAIZl 3,
10% trichloroacetic acid 0.2 mLE F7}sled &3 FH, 10,000 rpmol Al
1083 dAEe shadvh dAEe & #, 459 05 mLet 0.1% ferric
chloride 0.5 mLE &3l 700 nmoll A &3 =& SAH3AT. dE2zT2
Z vitamin C (L-ascorbic acid)E AF83}%3 THKim & Jeong, 2014).

_18_
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2.44. A|XJY 84 4FAF(Reactive oxygen species, ROS) &A A
2.4.4.1. HT-1080 A ¥ A&& &3

NHEE Hyrtios erectus=FE QoAXl Zdo] Mz HEE A&
FdTFS Syl #1sl MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl
tetrazolium bromide] A%< AR&3te] ERISEA T MTT assaye Al EZ 2
4% dopsle AEE WHACo=E SAHSH, ARAEo] X%
AL As mEIZE=ote] E5s G4 Ao i =d4S
e 849 MTT tetrazolium©] L EF o] HZMS = MTT
formazan[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide]©] ¥
TH(Figure 3). Al Z7} &5 MTT formazans o] AASIA =M o]

g o] g3t A AEES SAHIAUT

Hj F3k M EZ 96 well micro-plate®l] 2X10* cells/wello] ¥ == EF3}
o 37C, 5% CO, incubatorol| 4] 24A17F wljF3t T vl FH A= wij A
E 2 F A4 welll FEEE FHIZ AlRE At O 1
AZE weFatdt. AlRE Adske] widE AlZE 1| mgml FE°
MTT Al eFS A glste] 44Xt vl Fstal, formazan®] &4 =™ MTT AloF
o] Held WiAE AAG &, FAHH formazanes DMSOO| = Victor3
multilabel plate reader (PerkinElmer, MA, USA)E ©|&3}t 540 nmol| Al

FPE=E YA

_19_
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MTT tetrazolium (yellow)

Mitochondrial reductase

MTT formazan (violet)

Figure 3. Metabolization of MTT to MTT formazan by viable cells.
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2.4.4.2. AEJY 84 2FAFReactive oxygen species, ROS) &4 &4

M 3EU ROS free radical 23732 Bl ¥F=2 < 2°,7 -dichlorodihydrofluorescein
diacetate (DCFH-DA)7} MW A free radical?} HE-g3te] FFEZ
Q1 2°,7"-dichlorofluorescien (DCF)Z 4slEl= ¥2]& ©]&3 DCFH-DA
assay= =74 3} th(Figure 4; Okimoto, 2000).

HT-1080 Al3ZZ 96 well micro-plate®] 2X10* cells/well®] =2 E3
3ke] 37C, 5% CO; incubatoro Al 24 A1 v ettt Wik A2 i
A& AAstL PBSE Aol ¥ 20 #M DCFH-DAE 7} wellel A 23}
o 2043t pre-incubation S TF. Pre-incubation¥t A|3Z 2] ZHZFe] welloll
FEEE FHS AIREE AHEste 37C, 5% CO, incubatorol] A 1A]%F
incubation ¥+ ¥, DCFH-DAS A|Astal PBSE Aol & 500 «M
H,0,& X85t A|ZFE=E DCF fluorescenceE excitation 485 nm,
emission 530 nmOol|A] Victor3 multilabel plate reader (PerkinElmer, MA,
USA)E 43It

- 21 -
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2',7'-Dichlorohydrofluorescein diacetate
= (DCFH-DA), non fluorescene

Deacethylation by esterase or OH”

HO. (o) OH

Cl

2',7'-Dichlorodihydrofluorescin
—~  (DCFH), non fluorescene

ROS

HO (o} o
Cl
2',7'-Dichlorofluorescein

~ (DCF), fluorescene

Figure 4. Degradation pathway of DCFH-DA in an oxidation-induced

celluar system.

_22_
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2.5. NO (Nitric oxide) A4 A &3}

Raw 264.7 AlZE 96 well micro-plate®] 1X10° cells/wello] H == &
F3kal 37C, 5% CO, incubatorol| A 24A|13F vl FstR T Wl SH AlE=
10% FBS7} 3% MEM (Modified Eagle Medion) Bl X2 n 3gk & 27t

Zrel welldl F=EE ZHIF ARE At T 1A v sk
1AIZE Bl &, NO AAE =37 93l 1 wgmL (1 ppm)e] LPSE
A glsle] 37C, 5% CO, incubatorol| A 48A1ZF vl F3LATF Raw 264.7 Al
3Z+= LPSOl 93 A=& "ol NOE Ao AAE NOZE &4 i
A9l gsH 50 uL$} Griess A9F(0.1% N-1-naphtylenediamine : 1%
sulfanilamide = 1 : 1) 50 #LE Y-SAIA 570 nmolA FF =5 SH3}
% TH(Figure 5; Beda et al., 2005).

_23_
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- O HzNost

Sulfanilamide
HN /_\
HzN O

N-(1-naphtyl)ethlene-diamine

o O
()

Azo compound

Figure 5. Coloring reaction for NO,™ detection.

_24_
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2.6. DA 2 FAE T4 A &4

S| EF = Hyrtios erectusZH-E] Aoz EZ tst HME F4 A
aHRE syl #std MTT[3-(4,5-dimethylthiazol-2-yl)-2,
tetrazolium bromide] A]¢FS o] &3l LAME F2 AAES =AY
Tk MTT assay® AE] 243 doldles A=E A2 S43,
ARG o] 243 GAES] Ag mEZEgote] gah 84 A8
o =yAE W —’F%—/‘é_‘l] MTT tetrazolium®| = o] RIS o

i o

+ MTT formazan[3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl-tetrazolium bromide]
o] H} AEZV} BE&ESFE MTT formazans Zo] AAHIA FHH o=
o] g3ate] Ax AEES SASATH
e AAIZEE 96 well micro-plate®] 1X10* cells/wello] == B

&to] 37C, 5% CO, incubatorol| 4] 24A1ZE Wi <Fab it vikd Az H
AE w3 T A7 welle] sEEHE FH|F A EE A5t O

24A1F ittt Al Mgt midE HMEZES 1 mg/mLe| MTT

AleFE A st 4A1%E H) FSFAL, formazan©] FZEH T MTT A efo] A
gE wxE AAT F, FAZE formazans DMSO°| =9 Victor3
multilabel plate reader (PerkinElmer, MA, USA)E ©|&3}t 540 nmol| A
FBEE FA% AEZ AEE%)= T

x 100

Cytotoxicity (%) =

_25_
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2.7. TAAE
Mean + SEM (Standard Error of Mean)2.

HWE |3l statistica

1923 =T

29ARE 7

2 Yehfdt
program< ©]83}4] p<0.05 G+l A4] Ducan's multiple range test= 2]

4e AEHA

_26_
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3. 2% R &
3.1. iAFE Hyrtios erecusZ2H 5] B8 EFo +x AA

Compound 1> 4] 1A= EFHow, "C NMR A 227)9]
carbon A&7} UEFSTE & 183.9, 183.6, 1622, 157.3, 118.1¢ UERS
olefinic carbon S E3} & 5749 YEFE methoxy carbon A3 &
2-hydroxy-5-methoxy-1,4-benzoquinone ring ¥ET7+Z7} SATd= AL
Bo$da, & 16129 & 10379 WERG carbon AEE 17
exomethylene olefinic F&#7%2] &A1& Yo, 'H NMR 2HE
2o § 589, & 3.83, 183 & 4.399] YERE proton AT EE o] Apal
S A A5G tHSeki et al, 1995; Singh et al, 2006). L3 & 2.509]
benzylic protong©] YEFSEO™ § 4.439|4] terminal methylene®] YEMS:
o} ol REFZE HHOE 2D NMR A3 F3to] o] 5H +
ZE llimaquinone 2.2 AR oW F3o| HiE NMR ~HEFH 0
o] &} & UXA|EATE. o] AL ol HEFE Smenospongia sp.E
FH & = A tH(Figure 6, 31-36; Table 1; Luibrand et al, 1979; Wu et
al., 1987; Kondracki & Guyot, 1989).

o]9}  HFAFSE =% compound 22} compound 3°] EZEATH
Compound 29| “C NMR Z2#HEHo|A Yelhd § 179.7, 172.3, 102.8,
91.2, 60.9 A& E2 3] methoxy group= 713! tetronic acid F-&TF
g 7H Zeg FEHJT F 6§ 201994 #HZHE AsE s
carbonyl groupS.Z AAF O™ o] FEFZ9 2D NMR A3 2 &
AwS vlwd 23 compound 29 TERE 3]]“4 = Smenospongia sp.2-
ZRE ¥ Smenotronic acidZ <l = I TH(Figure 6, 37-42; Table 1;
Kondracki & Guyot, 1999).

Compound 32| °C NMR Z~HEZHE compound 2914 YEFH §
201.9, 179.7, 1723, 102.8, 91.2 60.98] AZZo] AgATL & 175.690
quaternary carbon A&7} UYERE 2 2o compound 29} ©i-$- FAMS}
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At ol ~HERFS WHE= compound 29| tetronic acid T-E7}
AR 1 EA3FE carbonyl group®] carboxylic acidZ WA A o2 oA
Atk o] sIeHES] HAHRJ F2E 2D NMR A3dF AAE RETE

of gt EHZAIE F3} Smenospongic acidZ ZAAFH o o] EF
2 ol Dacrylospongiu elegans=F-E] &8 =] B I1E ] TH(Figure 6,

43-48; Table 1; Rodriguez et al., 1992; Lopez et al., 1994).

Compound 4= C NMR ZHEHo|A 237019 carbon A&7} YEFS
ow o] FolA & 149.0, 146.3, 143.6, 131.1, 117.9, 115.5°] Ve 6 7H
o] A&+ olefinic carbonEE AR T E3 'H NMR =HEHAE
8§ 6.959] WEE F£42E AAAE )9 methine 3 =27 WAoo s
L}o]  penta-substituted benzene ILE]7} EAst= HOE AAFT. oY
g FERTEE o8F EFAe 2D NMR A3 oJste] o] =29
TZ% Pelorol® RIS o ol 3|H-5= Dacrylospongiu elegans
ZHE 2" 8} 9 tH(Figure 6, 49-54; Table 1; Goclik et al., 2000).
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Figure 6. Chemical structure of compounds 1-4 from the sponge

Hyrtios erectus.
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Table 1. 'H and “C NMR assignments for compounds 1-4
Compound 1 Compound 2 Compound 3 Compound 4

1 244 t 236 t 414 t
236 t

2 29.1 t 29.7 t 135 t
29.6 t

3 341 t 341 t 43,7 t
341 t

4 161.2 s 161.1 s 340 s
161.2 s

5 41.5 s 41.3 s 585 d
414 s

6 380t 382 t 213 t
384 t

7 29.8 t 28.6 t 380t
28.6 t

8 392 d 382 d 49.4 s
39.0 d

9 441 s 42.5 s 66.6 d
42.1 s

10 513 d 493 d 383 s
51.1d

11 103.7 t 103.2 t 25.6 t
103.2 t

12 21.1 q 213 q 216 q
213 q

13 18.6 q 16.9 q "7, 339 q

14 17.9 q 17.9 q 17'7 q 16.9 q

15 33.0 t 43.6 t % 203 q
439 t

16 118.1 s 2019 s 131.1 s
175.6 s

17 157.3 s 102.8 s 146.3 s

18 183.9 s 179.7 s 143.6 s

19 103.1 d 91.2 d 1155 d

20 162.2 s 172.3 s 117.9 s

21 183.6 s 149.0 s

22 169.8 s

-OMe 574 q 60.9 q 520 q
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3.2. &4k3 A4 A F

3.2.1. DPPH radical 24 A

S| H-5= Hyrtios erectus®] methylene chloride 5% %3 methanol F%
S Pt dojR 2FEE(crude extract)S £1] SAHAZ wigl B
3} n-hexane #%3, 85% aqMeOH £33 n-BuOH 8%, H,0 &8

=& AUt} Crude extract®} Y 7§¢] &0 3 =E-S 200, 100, 50, 10,
1 wgmlL FE2 3433, =TS = BHA (butylated hydroxyanisole),
BHT (butylated hydroxytoluene)®} vitamin C (L-ascorbic acid)E& &< &
=2 5450 Adol A8

85% aqMeOH #3232 200 pugmL &% 100 xgmL &%l A]
Zv7y 252%, 14.7%%] DPPH radical £A%S HPom, 1 o]
10%°l FIA A Xéh= radical &7 S B BE AR dzad

BHA, BHT, vitamin C9] radical 227 5= "I XA &3} % th(Figure 7).
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DPPH radical scavenging activity of crude extract and its

solvent fractions from the sponge Hyrtios erectus. “* Means

with the different letters are significantly different (p<0.05) by

Duncan's multiple range test.
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3.2.2. Peroxynitrite &4 &4

Crude extract®} Yl 7§ &wj &FFE<S 200, 100, 50, 10, 1 xg/mL
TEZ FA45I¥A, tIRTSEZE  vitamin C  (L-ascorbic  acid)%}
penicillamines 22 FX 2 3435t d3ol AHE3EAT

Authentic peroxynitriteg £73= 7 -9-°l, crude extract®t n-hexane &

£ Z, 85% aqgMeOH =T olA Hold &A4& EAUTE n-Hexane w3
F& 200 pgmL =9 100 xg/mL T4 ZZF 98.6%, 96.1%2]
peroxynitrite 22752 HH O™, 85% aq.MeOH #8352 200 yg/mL &
Z9F 100 pg/mL F=olA Z+2F 99.5%, 97.1%2] peroxynitrite A7 5=
BEAY. 183 #-BuOH E8F% 200 pyg/mlL s=oA 83.1%2] &A%F
S HPor % EFQ] 2ATE BAFAY. 53] n-hexane 85
I} 85% aq.MeOH HEF2 TiET<2 vitamin C  penicillamine 2]
peroxynitrite &% HwE ¥ FAHS 7zl o2 B & U

(Figure 8).

SIN-1°14 +5=% peroxynitrite®] 7A-¢-ol&, EE £33 E°] Hold
F4E& BRPom 53] crude extract?} n-hexane £ 3, 85% aq.MeOH
B Zo|A Hojd A4S HYY. n-Hexane 3 ZFL 200 pg/ml &
=, 100 pgmL, 50 pgmL FTZ=NA ZHZF 100%, 99.4%, 96.5%2]
peroxynitrite 22752 BH O™, 85% aqg.MeOH #8352 200 yg/mL &
Z9F 100 pg/mL FZAA 22t 100%, 98.7%2] peroxynitrite A7 5=
Rt 283 #-BuOH B8 F% 200 pygmL F=0lA4 91.2%2] &A%
< BEon mRVAR vx oEAHA TS EAFAY. 57
n-hexane =3 85% aqMeOH ¥ FE thZE7Q vitamin C9
penicillamine®] peroxynitrite 2753 HnE Wk FAS R Ao

2 I S TH(Figure 9).
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Scavenging activity of crude extract and its solvent fractions

from the sponge Hyrtios erectus on authentic ONOO™ (% of

control). “® Means with the different letters are significantly

different (»<0.05) by Duncan's multiple range test.
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Figure 9. Scavenging activity of crude extract and its solvent fractions
from the sponge Hyrtios erectus on ONOO™ from SIN-1 (%
of control). *" Means with the different letters are significantly

different (»<0.05) by Duncan's multiple range test.
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3.2.3. &Y (Ferric reducing antioxidant power, FRAP) =4

ksl A3 g e dHs AAVE o, Yy =4 A
A+ crude extracte} Y| 7] &£u EIF=ES 200, 100, 50, 10, 1 u
gmL FEZ 343193, 2T S Z = vitamin C (L-ascorbic acid)E &

< 52 st Ao AHEskt

=

48E YeRYlow, 1 F 85% aqMeOH E3FolA 7Hd =2 a4
g5 YERH A tH(Figure 10).
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Figure 10. Ferric reducing antioxidant power of crude extract and its
solvent fractions from the sponge Hyrtios erectus (% of

control). % Means with the different letters are significantly

different (»<0.05) by Duncan's multiple range test.
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3.24. XU A 4FAF(Reactive oxygen species, ROS) 24 &4
3.2.4.1. HT-1080 N £ JE& A
ME FFoAe A4S AFsr] Aol siHFE Hyrtios erectusZ 5
o S0o] AlES AEE v A
+ FEFES MIT assays &3l F<UsA 2™, crude extractet Wl 7§ &
1=]

FZFES 200, 100, 50, 10, 1 pg/mL FEZ 32ste] Ao A}

g

rlo
(@]
=
&
[©]
o
g
ﬁ
o)
::‘4
lo
ofo
=2
i
ot
o{Nr

Z+Zy 200, 100, 50, 10, 1 xg/mL &% n-hexane ¥ 32 78.6%,
88.2%, 89.2%, 91.1%, 94.4%, 85% aq.MeOH ®IZF2 26.8%, 71.2%
78.8%, 87.5%, 92.7%, H,0 352 71.1%, 85.9%, 91.6%, 92.3%, 97.9%
o] Ax AEES Bt I 99 crude extract®} n-BuOH #3952 =
T =4 80% ol Az AEES BT MTT assays 53 Al
X ANEE A AHBE vE O ZE  crude extract®} n-hexane &=,
n-BuOH #8352 200, 100, 50, 10, 1 xg/mlL &F=NA, 85% aq.MeOH
Y352 50, 10, 1 pgml =4, H,0 #8352 100, 50, 10, 1 4
gmL =4 Mx &4 3PS A A TH(Figure 11).
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Figure 11. Effects of crude extract and its solvent fractions from
the sponge Hyrtios erectus on viability of HT-1080
cells. *¢ Means with the different letters are significantly

different (»p<0.05) by Duncan's multiple range test.
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3.2.42 Al XY A 4FAF(Reactive oxygen species, ROS) &7 &4

MEY A AbAke ¥§Ete FEZHQ DCFE  THEAUl+=
DCFH-DAE AF&3ted A Yo &A= &4 2H4AFS DCF

fluorescence ® =4 3}FA T Crude extract®} n-hexane 8%, n-BuOH

1=}
L

3 =2 200, 100, 50, 10, 1 xg/mL &%=, 85% aqMeOH H3F =2 50,

10, 1 yg/mL ¥, H,O0 332 100, 50, 10, 1 p#gmlL 52 3|4
of Ao AR, 2 58 A4 500 xM H,0,2 A3
ERE 1208704 308 (HHoE A4S SAHAT dExToEe

Bl

%0

Al

S5 AY3A & 500 4M H,0,Z 83 control} AF59 H,0,=
25 r

T A8 stA &L blankE AHE-3FA T

oz AME3E control & AJZEo] A #$ol| w2} DCF fluorecence

kol S713FM 2. blank= DCF fluorecence %t W37} A 9kt

Crude extracte} 4l 72| &£v] RIFEL2 gz vy S o
control 2T+ blank®} B 717FS DCF fluorecence 42 YUEIU o] AlZ Y
of AAdE ROSE fFHLE &£ASE A AT + A ATH(Figure

12-14).
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Figure 12. Effects of crude extract from the sponge Hyrtios erectus

on

intracellular ROS levels induced by hydrogen peroxide in

HT-1080 cells.
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Figure 13. Effects of n-hexane and 85% aq.MeOH fractions from the
sponge Hyrtios erectus on intracellular ROS levels induced

by hydrogen peroxide in HT-1080 cells.
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Figure 14. Effects of »n-BuOH and H,O fractions from the sponge
Hyrtios erectus on intracellular ROS levels induced by

hydrogen peroxide in HT-1080 cells.
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3.3. NO (Nitric oxide) A4 A &3
3.3.1. Raw 264.7 A|X &8 =4
E

ME FFAe S-S AFsty] Aol siHEE Hyrtios erectusi—,—Ei

A& crude extract®} U] 7He] o EEFSo] MEY HES A=
FFES MIT assaye B3l USRS H, crude extracte} d] 7le] &uf &

o
FFES 200, 100, 50, 10, 1 pg/mL == 3|4ste] AF o AHESFAT

Z¥Zy 200 pg/mL FXEOlA crude extract #2352 68.8%, n-hexane =
352 48.2%, 85% aqMeOH #3ZF2 72.6%, n-BuOH #3352 73.6%,
H,0 28 F2 73.7%2] ME AEEES HAF9 01, n-hexane 853}
n-BuOH #8F& 100, 50 wgml sZ=NA ZZt 64.3%, 75.6%<F
77.0%, 782%% AME AEES HAFAY a8 1 & EI3EY
BEE FEA 80% ol ME AELES HAT MTT assays 53
X AEE A AHE " O E p-hexane £ FS 50, 10, 1 xg/mL

TolA, 1 9o BIFEL 100, 50, 10, 1 pgml F=olA AE &
4 AP S AN 3 hH(Figure 15).

3.3.2. NO (Nitric oxide) B4 A =3}

S| EFE Hyrtios erectus®] FHo BIH{E dolR7] 3l d5 &

AARI NO A JAES SAHMEJYT. n-Hexane 52 50, 10, 1

rLt]o

Lo
et

pugml FEZ2, 1 99 BEFELS 100, 50, 10, | pg/ml TEZ 3|4
ato Aol ARgsigle 4w A8 1 pgml LPSE A3

o BxrogEs ARE AYsA €3 1 ugmL LPSE AT
control® A &%} LPSE =5 A dtA] ¥ blankES ARSI T

Blanke] NO &< 46.8%%} B3} crude extract, 85% aq.MeOH &
33, n-BuOH £83F3 H,0 E8FE 100 pgmL F=olA Z+zt
59.6%, 59.7%, 61.3%, 58.0%%] NO s HAFUtH 183l n-hexane
BEYF2 ¢ 2 F52 50 pgmL FENA 51.9%2] blanke} Y]l
sl NO &3S H o320 th(Figure 16).
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Figure 15. Effects of crude extract and its solvent fractions from the sponge
Hyrtios erectus on viability of Raw 264.7 cells. “* Means

with the different letters are significantly different (p<0.05) by

Duncan's multiple range test.
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Figure 16. Effects of crude extract and its solvent fractions from the sponge
Hyrtios erectus on nitrite production in Raw 264.7 cells.
¢ Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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3.4. A A GAE F4 JA &3
3.4.1. HT-1080 Al X F4] oA &3

1A A &F AE<Q] HT-1080 A9 thdl crude extracte} Yl 71
S EEFE AX T4 A AEE MTT assays T3 SA3IA

o} Crude extracte} Ul 719 &wj £83FE< 200, 100, 50, 10, 1 x«g/mL

Crude extract®} Yl 7§ &wj £YIFT 5 EF Hold A=z F4
A &35 HAFRAY. Crude extract®} n-hexane &&=, n-BuOH £ ¥
£ 200 pgmL F=NA 22 76.3%, 83.2%, 52.1%= EF 50%7F 4
A 22 9A E32 BRFUa, H,0 £8ZL 200 pgml =
A 37.9%9] ME S QA 295 RSt 53] 85% aq.MeOH
332 200, 100 pg/mL FZANA ZZF 94.0%, 93.9%°] 90%7F H= Al
X T4 YA 29 E RYFer, g2 EYFERYG ¥de =<
50 pgmL FEANAE 72.0%2 FHold ME F4 A EHE HofF
%1 tH(Figure 17).

e 2 rr o 12
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Figure 17. Effects of crude extract and its solvent fractions from the

sponge Hyrtios erectus on viability of HT-1080 cells.
*d Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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3.4.2. HT-29 Al 2] A &34

1A AR AlERQ HT-29 Ao th3h crude extracte} W] 712 &
BEYZFE9 ME Z4 A AZE MIT assays T3l SA3AT
Crude extract2} Yl 7§¢] &w] B ZFE<S 200, 100, 50, 10, 1 pg/mL &
T2 g4t Aol AT

n-Hexane #3F9] 200 pygmL FZoNA 672%= FHold HE 2
AA &35 HAFAh 85% aqgMeOH EFZFL 200, 100 xg/mlL &
ol A Z+7; 89.8%, 89.6%2 ME F2 oA EHE HFon,
gmlL FEAAE 31.1%9 ME F2 A a5 HAFAT. o=
of & EYIFEol vl Plud & AxE F4 A a3

U-ERA TH(Figure 18).

=
[¢)

Lo

3.4.3. AGS M2 Z2] oA &x

AA A HEZQD AGS A EZol thdt crude extract?} Ul 70 &H &
YFZE AXE F2] JAl AEE MTT assaysS 53| SH3AT Crude
extracte} U] 7fo] &uj EFZFES 200, 100, 50, 10, 1 pxgml TEZ
3|4t A3 ARSI

Crude extracte} Ul 719 & EISEL vy FHojd Ax 52
AA a5 HAFRAT} Crude extract?t n-hexane &8, n-BuOH £ ¥
£ 200 pgmL F=AANA 27t 65.3%, 87.1%, 622%= EF 60%7} 9
ME 24 QA a5 BAFAY. 53] 85% ag.MeOH #33F2
200, 100 g/mL FEOA 2+ 86.0%, 85.5%2] ME F24 oA EHE
BoFdo = 2 BYFHg Ude F59l 50 ugml FEAAE
82.4%2] HoAE M F2 JA AFHE Ho T thH(Figure 19).

rlr o
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Figure 18.

sponge Hyrtios erectus on viability of HT-29 cells. *® Means

with the different letters are significantly different (p<0.05) by

Duncan's multiple range test.
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*f Means

with the different letters are significantly different (p<0.05) by

sponge Hyrtios erectus on viability of AGS cells.

's multiple range test.
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3.4.4. MCF-7 NI Z2] oA &3

A Frrd AMEQJ] MCF-7 Aol thdk crude extracte} 4yl 712 S
Y ZTE9 ME F4 JA HAEE MIT assays B3l SAHSATH
Crude extract®} 4l 72 & £3FE<S 200, 100, 50, 10, 1 xg/mL &
T2 g4t Aol AT

n-BuOH E3ZL A3k crude extracte} A 719 &u) EZZFEA
oAl FAE BT, n-hexane &3 200, 100 xg/ml F%
oANA ZFzt 58.5%, 56.3% =2 50%E H& AE F4 oA EIE HoAF

Atk =3 85% aqgMeOH EIF%E 200, 100 xgmlL F=oA Z+7
86.0%, 82.1%%] Al F2 A EH#E HFATH(Figure 20).

—
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Figure 20. Effects of crude extract and its solvent fractions from the
sponge Hyrtios erectus on viability of MCF-7 cells.
*¢ Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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3.5. Sg=S9 4 A4

3.5.1. DPPH radical &4 &4

NH5E Hyrtios erectusZ5F-E &3 U /M JFEES 100, 50,
10, 1 xM FEE 3435}, =T SE BHA (butylated hydroxyanisole),
BHT (butylated hydroxytoluene)®} vitamin C (L-ascorbic acid)E& &< &
T2 3|Mste] A AHESAT

=% BHA, BHT+= 100 ¢ M FXolA Z+Zy 22.4%, 7.6%< DPPH
radical &7 S HAFTE o]} B3-S S W, compound 4= 100 ¢ M
54 51.8%2] DPPH radical &7%& HoFo] =+ BHA9}
BHTRE T} ¥ ¥ DPPH radical &7 2 253 th(Figure 21).
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*f Means with the different letters

the sponge Hyrtios erectus.

are significantly different (p<0.05) by Duncan's multiple range

test.
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3.5.2. Peroxynitrite 274 &4

NH5E Hyrtios erectusZ5F-E &3 U /M JFEES 50, 10, 1
uM FEZ2 4P, FTF O EZ= vitamin C (L-ascorbic acid)9}t
penicillamines 22 FX 2 3435t d3ol AHE3EAT

Authentic peroxynitrite2] 7 -$-°lli= compound 47} 50 M FZolA O]
Z7%1 pecnicillamin®] peroxynitrite 4~71°5(94.8%) Xt} T &2 97.3%2]
peroxynitrite £271 5= B % TH(Figure 22).

SIN-1914 2 E peroxynitrite®] 3] %=, compound 4= 50 «M &

S A thZET Q! vitamin C2} penicillamine®] peroxynitrite 42753} Bl

g Tkl 97.5%2] peroxynitrite 475 S YER] $ TH(Figure 23).
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Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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Scavenging activity of compounds 1-4 from the sponge

Hyrtios erectus on ONOO™ from SIN-1 (% of control). *I

Means with the different letters are significantly different

(»<0.05) by Duncan's multiple range test.
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3.5.3. &Y (Ferric reducing antioxidant power, FRAP) =4

274 Aol

24y Sdg - dAE doH, Sdy 54

kst
A= NHEE Hyrtios erectusZH-E 223k vl 719 sFEES 50, 10,
1 uM 52 333, 2T OS2+ vitamin C (L-ascorbic acid)E
2 w52 At Aol AREsiAT

vl e gtetes EFOA wE7F oS A7 ddEs HEhgd

o™, 71 % compound 47} 50, 10, 1 «M F=olA control¥ H| L3N
] Z}Z} 94.1%, 84.3%, 58.3%2] FUYHL RoFom, Y e I

o
=

FEE F 7P 2 #9498 ES R A th(Figure 24).
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Figure 24. Ferric reducing antioxidant power of compounds 1-4 from
the sponge Hyrtios erectus (% of control). ' Means with the
different letters are significantly different (p<0.05) by Duncan's

multiple range test.
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3.6. 3FEE2 NO (Nitric oxide) A A &3}
3.6.1. Raw 264.7 Al J&& A

FEoA B8-S AYPs] Mol HEE Hyrtios erectus=5-
| 7He] stREEC] Az AEE HA= FFS MIT
assays Foll Flstdon, vl /MY FFEES 50, 10, | pgml %

Z¥zF 50, 10, 1 pg/mL FX°|A compound 1> 63.5%, 68.2%, 73.5%,
compound 2= 64.6%, 82.1% 96.5%, compound 3-2 83.5%, 96.5%, 97.7%
123 compound 45 64.8%, 78.1%, 79.6%2 AE AHEES HHYUh
MTT assays %3 AXE AEE 54 Z2AE "o =2 F5& 10, 5, 1
ugml 52 FY3le] Ao AL8-3} % THFigure 25).

3.6.2. NO (Nitric oxide) A A &3}

NHE= Hyrtios erectus=FE 7 Ul 7o sFE=9 dE5 &
HE dolry] gl @5 AAR] Noe| AP AA&S SHMNEY
dl Y FFEES 10,5 1 « M FEE X3t AP ALg

59 1 ugmL LPSE At dzTFo=2+
S5 AHEsA ¥ 1 pgmL LPSE B controlZ AlE9} LPSE &
A e]stA] 2 blanks AHE-3FSTH

2 0
H

71— OSSR il = /\]

o =

—r

Compound 2= 10 #M FEoA 655%% NO FHFS EAFIUET
]= Blank9 NO &2 59.7%%} FAM3F oz v Mo IFFEE
FoA 71 £& A &4 S UERH A TH(Figure 26).
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Figure 25. Effects of compounds 1-4 from the sponge Hyrtios
erectus on viability of Raw 264.7 cells. **Means with the

different letters are significantly different (»<0.05) by Duncan's

multiple range test.
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Figure 26. Effects of compounds 1-4 from the sponge Hyrtios erectus on
nitrite production in Raw 264.7 cells. “° Means with the

different letters are significantly different (»<0.05) by Duncan's

multiple range test.
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3.7. FEEY AA 7 FAE T4 A 2
3.7.1. HT-1080 Al ¥ Z4 9] &3}

G S AMEZQ HT-1080 A Zo) W3 3FE 149 M Z =2
E MTT assays &3l SR COH, 3= 1-45 10, 5,
35t Aol AHE3A T

1 u

e

Compound 12 10 #M FZNA 61.5% AE F2] A 3=
AFR O™, compound 22} compound 3 FE3IH 10 uM FENA Z+
48.2%, 45.0%2] ME F2 A EH}E BT h(Figure 27).

£

3.7.2. HT-29 Al 2] A &34

AA AL MEZQ] HT-29 Az tigh 33E 149 Alx F2] A
S5E MIT assayes Safl S5 oH, 513 = 145 10, 5, 1 uM &
2 35l Aol AFE3 T

<«

b

Compound 12 10 M FEoNA 47.7%% ME F2 A E&FE B
oA FR O™, compound 2 ¢} compound 4 EF 10 «M FZNA Z+ZF

42.2%, 44.9%°] ME F2] A &3E B F3tH(Figure 28).
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Figure 27. Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of HT-1080 cells. *' Means with the different
letters are significantly different (p<0.05) by Duncan's multiple
range test.
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Figure 28. Effects of compounds 1-4 from the sponge Hyrtios erectus

on viability of HT-29 cells. *"Means with the different letters

are significantly different (p<0.05) by Duncan's multiple range

test.
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3.7.3. AGS M2 Z2] oA &7

A

o2

AA Y AEQD AGS AlEol thdt 3FHE 142 AE F2] o
55 MIT assays §3 SAsACH, 3= 145 10, 5, 1 «M &%
2 A3t Aol AEsA T

Compound 17} compound 4= 10 ¢M FENA 22+ 36.6%, 34.6%]
AE 4 JA &35 B F 3 th(Figure 29).

3.7.4. MCF-7 A X 2] oA &3

AA Y AEQ MCE-7 AlZo g & 142 AX 52 o
£ MIT assayE &3l SAsIAH, 3= 145 10, 5, 1 uM

TR A5t Aol AT

MCF-7 AlZo| A% compound 1°] 10 #M FENA 48.0%% Bln 3

e N %4 oA ZHE Bl FUrHFigure 30).
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Figure 29. Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of AGS cells. “® Means with the different letters
are significantly different (»p<0.05) by Duncan's multiple range
test.
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Effects of compounds 1-4 from the sponge Hyrtios erectus
on viability of MCF-7 cells. “*Means with the different letters

are significantly different (p<0.05) by Duncan's multiple range

test.
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ZFEEY & 2YFEo T *@ﬂ%“é AMAANE EA8) HHA
n-hexane?} 85% aq.MeOH EgZ oA F2 o] A=t whehA
o] 7+ #IToE EHEYE AESNer AfHow v e I
=< limaquinone (1), Smenotronic acid (2), Smenospongic acid (3),
Pelorol (4)°©] 4o T}

=dE vl e FEE taAE dAkE dAE, GAE F4 o
A S-S dAHY. datst 4 AN A= compound 47} DPPH
radcialZ} peroxynitrite®ll 3 A 7} FHold A4S YeEUSITE L
=23 AoAe EE IEEEC] Fodd F4ES UEeY
compound 47} S A 7} Hojd U S RAFITH NO &F A
Mz v Jh SEE EF7F feA g9A g4S JHEhglen, 1
Zoll A compound 27} 7} FL &35 YERJAT AA FE SAE
of thallAx= HAl vl 7He 3
S HAFQoH, compound 1°] ¥ 79
TS24 9A A4S e AT o
Hyrtios erectus SAFsH, &k 2 359 AZA 875l
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Figure 31. '"H NMR spectrum of compound 1 in CD;OD.

Figure 32. °C NMR spectrum of compound 1 in CD;OD.
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Figure 33. 'H COSY spectrum of compound 1 in CD;OD.
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Figure 34. 'H TOCSY spectrum of compound 1 in CD;OD.
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Figure 36. gHMBC spectrum of compound 1 in CD;OD.
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Figure 37. 'H NMR spectrum of compound 2 in CD;OD.

Figure 38. °C NMR spectrum of compound 2 in CD;OD.
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Figure 39. 'H COSY spectrum of compound 2 in CD;OD.
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Figure 40. 'H TOCSY spectrum of compound 2 in CD;OD.
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Figure 41. gHMQC spectrum of compound 2 in CD;OD.
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Figure 42. gHMBC spectrum of compound 2 in CD;OD.
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Figure 44. °C NMR spectrum of compound 3 in CD;OD.
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Figure 45. '"H COSY spectrum of compound 3 in CD;OD.
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Figure 46. '"H TOCSY spectrum of compound 3 in CD;OD.
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Figure 47. gHMQC spectrum of compound 3 in CD;OD.
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Figure 48. gHMBC spectrum of compound 3 in CD;OD.
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Figure 49. 'H NMR spectrum of compound 4 in CD;OD.
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Figure 50. °C NMR spectrum of compound 4 in CD;OD.
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Figure 52. 'H TOCSY spectrum of compound 4 in CD;OD.
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Figure 53. gHMQC spectrum of compound 4 in CD;OD.
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Figure 54. gHMBC spectrum of compound 4 in CD;OD.
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Figure 55. Chemical structure of compounds 1-4 from the sponge
Hyrtios erectus.
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