[—MRGAGBU‘I 12 7. 99N R REatUenE

1\
n 4

= av o -3
19T ﬂ%ﬂﬂﬂ&dl‘_]‘im

o =£ =
‘[ﬁ‘idﬂ’]‘i : NNFAEAIIIVANIDDNHEN DN NI DT INTNUYBDIATT
= Q- F=% L [}
Nﬂ@]ﬂﬂbﬁﬁ‘i‘i&%’l@%’!ﬂﬁ@’]ﬂma u,a::a’lwmﬂﬂuaflu

waurigdinztanianzlInasn

A screening of bioactive natural products from sea
grasses and seaweeds around the eastern coast of

Thailand
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A screening of bioactive natural products from sea
grasses and seaweeds around the eastern coast of
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A screening of bioactive natural products from sea

grasses and seaweeds around the eastern coast of
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LAWY MINLQ 16 ATSH dauiumua udavin parition dadatlanaalslinuuatieSaosfina (1:1)
l@msane (crude extracts) Manue udnhansana 12 aﬂiﬁﬁtﬁumndﬂw‘;’am:mu WRSFIRN® 4 81
FRAAUIINTIWMIeLILauYIMaFaunuuR we o 1mad (Cytotoxicity) gnisaulaTaneltaiu (anti-
HSV-1) pnidnuusiansmariia laun anFiludosn (anti-k8) uziFaudu (anti-8C) uazunida
Una (anti-NC-H187) qnitutaZafad Candida abicans anitutiandaimlsn (anti-TB) qnitudaide
NARW3 U Plasmodium falciparum WREOMIFUNITANAL WuIEsaia 14 aUEF usasgniamlafans
Tsm3y uaztiudndataulsn agaslsfienhifmsanalafiasngridmun sdniay wasiiioeatlffia
fin Dictyota sp. wininAusnennitudadsusnie Mmimulefemsadtauasemitwmibars Dictyota
sp. URAINNBAMUNEITINIFINANIN (IC,, 2.17. 2.27 uaz 1.90 Hg/mL & %3u KB, BC uez NCI-H187
A WENRL) ArTanRua IR EAnna Sargassum sp. HruansgniduuniTveald@nan (1C, 4.18
Hg/mL) SINUWINATANAuBINAINELR Halophila ovalis. Halodule pinifolia, Enhalus acoroides
amiudias Dictyota sp. ua=@ W LRI Caulerpa lentillifera mm'lﬁu%a.nifrﬁ'w column UR:
preparative thin layer chromatography 1emadeiine sulfur (1) uRt indole-3-carboxaldehyde (2)
steroid {3) mnmy"m:m Halophila ovalis, Enhalus acoroides WaT Halodule pinifolia AudIau
diterpene (4) WR: carotenoid (5) 9 INAMWMIL Dictyota sp. 5nY‘1:o palmitic acid (6) WA steroid (7) 91N
swmiwmTul Caulerpa lentillifera Taud sulfur (1) uas steroid (3) uaaInI T ufiudoLTad A ICso
39.8 uA: 38.6 Pg/mL A udndy anidmlaFaniolsm3nuas sulfur (1), steroid (3) uaz carotenocid (5)
#1C,, 106, 5.5 uaz 50 Hg/m A wdIdy ondtutadaitdsnuas sulfur (1), indole-3-carboxaldehyde
{2). steroid (3). diterpene (4) WRT steroid (7) ﬁ IC,, 0.78, 50, 6.25, 200, 50 u&: 100 Lig/m ATuRRY
anifusaSatadanasauvas sultur (1) 11 1C., 46.09 Hg/mL ua:qw‘ﬁﬁu:fu%ammu‘s’waa

carotenoid (5) oy ICe 2.9 Hg/mL
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Secondary metabolites and bioactivity screening of
algae and sea grasses from Khun Kraben Bay and
Bangsaen Beach, Thailand
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Abstract

A total of sixteen species from thirty-five samples of algae and sea
grasses were collected from Khun Krabaen Bay and Bangsaen Beach. Extracts
of twelve species from Khun Krabaen Bay and four species from Bangsaen
Beach were screened for cytotoxicity against vero cell, anti-Herpes simiplex
virus tvpe | (HSV-1). anti-cancer (KB. BC and NCI-H187), anti-fungal
Candida albicans, anti-tuberculosis (TB). anti-malarial Plasmodium
Jalcioarum K1 strain and anti-intlammatory activities. A total of fourteen
species showed anti-HSV-1 and anti-TB activities. however. none of them was
active against anti-inflammatory activity. The brown alga Dicnyota sp.
displayed strongly active against anti-KB. anti-BC and anti-NCI-H187 (ICsg
2.17.2.27 and 1.90 pg/mL, respectively). Moreover, Sargassum sp. was also
strongly active against anti-NCI-H187 at ICs,4.18 pg/mL. A further
purification of the crude extracts by column and preparative thin layer
chromatography to afford sulfur (1) from Halophila ovalis and Enhalus
acoroides. indole-3-carboxaldehyvde (2) and steroid (3) trom Halodule
pinifolia, the new diterpene, dihydroxydictyolactone (4) and carotenoid (5)
from Dictyota sp., together with palmitic acid (6) and steroid (7) from
Cavilerpa lentillifera. Sulfur (1) and steroid (3) showed cvtotoxicity at 1Cs
39.8 and 38.6 pug/mL., respectively. Sulfur (1), steroid (3) and carotenoid (5)
were active against anti-HSV-1 at 1Cs, 10.6, 5.5 and 50 pg/mL, respectively.
In addition, sulfur (1). indole (2), steroid (3). diterpene (4). palmitic acid (6)
and steroid (7) were active against anti-TB at 1Cs, 0.78. 50, 6.25. 200, 50 and
100 pg/mL, respectively. Finally, sulfur (1) displayed weakly anti-fungal
activity at ICso 46.09 pg/mL and carotenoid (5) showed anti-malarial activity
at I1Cs0 2.9 pg/mL.
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3.1 Lettuce seed bioassay

IEmmarsunsdudimsiigidvlnuesuiadnmenauls3nmaseusudisanuisuns
Elakovich, S.D. WAt Wooten J.W. (1991)° diudadnnia1iaanus 1 fu udiinnreaslueu 9 R
10 da Tovluudnsouiisdylivia q fu ua:ﬁn-::mvﬁ-ug?.lmﬁ'uﬁn%uuﬁa ntunsamianafl
a:muaglummuaaﬁs:ﬁum'\mﬁuiu 10, 100 udt 1000 mg/mL asuunssawiaioulfdinais
daaul¥daasatuszmouts dawdndinduaslyswe: 5 mL Uufinuann 24 dTus Tavdmandu
fiumlaTinauflawaa (Wwen 10 34 uasidminduinius: 5 mL ¥iimmesss 5 qmi-'\ WEINIAN
wiu fadhaefirudifvuiudniug

3.2 Brine shrimp bioassay

IEmmersunMuiiviwdao il 153 nesaufidauyanranifuas Blackman, A.
(2000) i lvveso Ry (Antemia satina) v vinluimziaifion 24 $71us widdonvasaifulvun
nﬂaau'[auuuamsaﬁ'm%m:muag'lummuaaﬁs:ﬁ'um'\miui’u 10, 100 UAT 1000 mg/mL &ILw
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4 1 Human mouth carcinoma; KB

4.2 Breast cancer; BC

4.3 Herpes simplex virus type 1; HSV-1

4.4 Human smailt cell lung cancer; NCI-H187

4.5 Anti-fungal (Cendida albicans, ATCC method)

4.6 Anti-tuberculosis (Alamar blue susceptibility test, MABA)

4.7 Anti-malarial

4.8 Anti-inflammatory (cox-1 W& cox-2)
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A159N 1 draamiuld

f10u Fo an i Twidsudl
FmTuLe
1 Acanthophora spicifera (Vahl) B@rgesen WINIDUUNI LUIILEU 1/10/2003
2 Acanthophora spicifera (Vahl} B@rgesen 1plATINITWIETI TR Ei'nfi'an's:mu 1/11/2003
3 Acanthophora spicifera (Vahl) B@rgesen valATamInIzTrans 81299NITIUN | 28/12/2003
4 Gracilaria rubra C.F. Chang et B.M. Xia PMIARIAUUNT UIIURU 1/10/2003
5 Gracilaria sp. valasanrswizTvdns ai'rwj'am:mu 1/11/2003
6 Gracilaria sp. valasammnssrod s ah‘:s'jam:wu 28/12/2003
7 Hypnea charoides-valentiae complex MIRIDUUNT UKW 1/10/2003
8 Hypnea sp. valasanmssrdni dwaﬁ'cm:mu 1/11/2003
9 Laurencia sp. Ualasan TwizT o3 ci'nfj'anizmu 1/11/2003
10 Laurencia sp. yalasimswazudn3 g1adansziun | 28/12/2003
11 Sofieria sp. dalasimswszswdns d1adenssiun | 13/6/2003
12 Solieria sp. valasanisrzTdnd 871959NITUU | 1/11/2003
13 Solieria sp. valasaniwssTodns ii'\‘u:Tan‘i:mu 28/12/2003
14 Solieria sp. WINTBTUNNT UIIUEU 25/2/2004
fniufdn
15 Acetabularia sp. NI@BNIINTEILN 24/112004
16 Caulerpa lentillifera J. Agardh dalatamanssmadns s1adanssiun | 1/11/2003
17 Caulerpa lentillifera J. Agardh valasanianszmednd d1adansun | 28/12/2003
18 Chaetomorpha sp.* valassnisnizsnedns g1aanTziun | 1/11/2003
19 Chaetomorpha sp. ** UalaTomTwazTITéns Ei'mfam:mu 28/12/2003
20 Chaetomorpha sp, *** WIRITBUUNT UIINAU 251212004
21 Chaetomorpha sp, **** VIRTIUUNT UIILAN 27/2{2004
Gt e MR BT
22 Dictyota sp. PWIRTDUUNT UIIURU 1/10/2003
23 Dictyota sp. WINTDUUNT VIILAU 26/3/2005
24 Padina minor Yamada NERENIFINTEILY 24/1/2004
25 Padina tetrastromatica Hauck VIRIAUUNT UIIUEU 25/212004
26 Sargassum oligocystum Montagne NIRENAINTTIU 28/12/2003
27 Sargassum oligocystum Montagne nzagfInTEiuL 24/1/2004
28 Sargassum polycystum G. Agardh MWIRTOUUNT LUNILAU 277272004




NINZA

29 Enhalus acoroides (Linnaeus f.) Royle NEREIIAINITILN 2/11/2003
30 Enhalus acoroides (Linnaeus f.) Royle Nnei| Ei"nﬁf\m'a':luu 24/172004
31 Halodule pinifolia (Miki) den Hartog valasanmwszmadns f.i"nfi'an‘a‘:mu 1/11/2003
32 Halodule pinifolia (Miki) den Hartog valasaniawazsiodns sranenasiuu | 28/12/2003
33 Halodule pinifolia (Miki) den Hartog ﬂ:tﬁii‘nf'}'anizmu 24/1/2004
34 Halophila ovalis (R. Brown) Hooker f, valasanrwszmodny d1fInTIun | 1/11/2003
35 Halophila ovalis {R. Brown) Hooker f. vslassnrinsTadn: n"nq"ons:tuu 28/12/2003
YUK

* 3T Cladophora sp. WAZ Laurencia sp. Uuagx.‘m upn@anaalinue

** i@ minu Cladophora sp. WAz Laurencia sp. Uuegie wondauandan linue

*** fia i Acanthophora sp., Hypnea sp., Gracilaria sp. WRz Solieria sp. Unagaiy

=== {0 Acanthophora sp., Hypnea sp. WRt Gracilaria sp. tupdau

4 - & o [
2. HANITNAFIUONENIITINTWLLDIR UL BIRITANG

- . .
NITIIY 2 HRNTTNAADY Lettuce seed biocassay 1038 1SANG

myaia dasinsigidulavasndndnniaun
(%) AT (ppm)
control 10 100 1000 | 10000
Acanthophora spicifera 100 - 66.3 53.0 18.1
Gracilaria sp. 100 - 957 978 935
Hypnea sp. 100 - 100 19.2 20.6
Laurencia sp. 100 - 100 62.8 90.2
Solieria sp. 100 - 100 100 53.1
Dictyota sp. 100 38.5 56.8 63.6 60.2
Sargassum oligocystum 100 87.5 93.8 75.0 -
Enhalus acoroides 100 97.4 100 66.7 -
Halodule pinifolia 100 84.7 952 63.9 -




mﬂ\n""l 3 HaNITNARALU Brine shrimp bioassay VAITIIANG

AITANG sasnItoaveslniy (%) Annudutu
{PPM)
control 10 100 1000 | 10000
Acanthophora spicifera 100 100 100 58.3 -
Gracilaria sp. 100 83.3 83.3 58.3. -
Hypnea sp. 100 - 76.4 62.1 71.4
Laurencia sp. 100 100 o} 40.0 -
Solieria sp. 100 80.0 100 100 -
Dictyota sp. 100 336 50.4 76.8 -
Sargassum oligocystum 100 26.4 60.0 84.0 -
Enhalus acoroides 100 97.4 100 68.7 -
Halodule pinifolia 100 84.7 95.2 63.9 -
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3. HAEMTNARIUONENMIIEINIWEU AWV EIXTIRNA

A J -l e
AN 4 HRNTNAFAUNTNIITINIWDIRITEN®IIN BIOTEC

ER Cytotoxicity | HSV | KB | BC | NCI | Fungal | T8 | Matarial | inflam.
ICs ICs | 1Cs | ICs ICsq ICs, MIC EC,,
Hypnea sp. - 2.0 - - - - 50 - -
Gracilaria rubra - 2.4 - - - - - - -
Acanthophora spicifera® - 4.5 - - - - 100 - -
Dictyota sp. 13.1 0.7 | 217 | 227 1.90 - 6.25 29 -
Acanthophora spicifera™ 28.3 59 - 12.64 - 36.22 | 125 - -
Solieria sp. - 8.2 - - - - 50 - -
Gracilaria sp. - 40.0 . - - - 200 - -
Laurencia sp. - 53 - - - - 50 - -
Caulerpa lentillifera - 15.1 - - - - 100 - -
Halophila ovalis 26.6 2.2 - - - 12.55 25 - -
Chaetomorpha sp.**" - 16.0 - 17.67 - - 100 - -
Halodula pinifolia - 6.1 - - - - 50 - -
Enhalus acoroides - s - - - 40.46 50 - -
Sargassum oligocystum - - - - 4.18 - - - -
Padina minor - 216 - - 14.16 - 200 - -
Acetabularia sp. - - - - - - 200 - -

RUIEIRA " LNUINUNJURU

“\hunnduny " & Cladophora sp

. WRE Laurencia sp. Unaguia




1. IC;, uaz MIC Iintamilu pg/mL; IC,, = 50 % inhibitory concentration
2. mmsudananitimaaau
2.1 anutiuRwveImIdaTaUn® (cytotoxicity test against vero cells)
® final concentration Va3 TR LENADLYINAL 50 pMg/imL
e  lunmsuUanadzRansmnengn % Cell viability @ uWanINTWA wait
- 01 % Cell viability = 50 % Tp3unaiilud 1C, > 50 Llg/mL
- 1 % Cell viability < 50% S 3WHAILIUAT [Cs, AN IR NN serial dilution
o 15 Elupticine 1LJu positive control; IC,= 0.4 X 0.1 g/mL FINTU cytotoxicity test
22 nﬂ'ﬁrﬁurfﬂ‘ﬁaﬁu'nﬁﬂﬁ" 1 (Anti-Herpes simplex virus type 1)
® final concentration VBIMTAlENARBLIYINAL 50 pg/mL
o lunsudanadazAeNTmIN 2 81U fa
- mvudpinessunnuiilufua host celt (Vero) uaz'le % cell viability > 50 %
- Anti HSV-1 activity R9150419701 % inhibition 229 HSV-1 @undnintual aail

% _inhibition of HSV-1 Anti HSV-1 activity
<25 % inactive
25-35 % weakly aclive
> 35-50 % moderately active
> 50% active (1 serial dnution tRawI#An ICqy)

o % Acyclovir Lilu positive control; ICee=1.1203 Ha/mL AT anti-HSV-1 test

l L -
2.3 gnTaunzTIdan (Anti-human small cell lung cancer; anti-NCI-H187)

m_lcg_g imL Activity

> 20 inactive

> 10-20 weakly active
5-10 moderately active
<5 strongly active

¢ 14 Edipticine; ICs = 0.35 & 0.5 Lg/mL (Iw positive control FINFU anti-NCI-H187 naaoLe
8419 1-13

e 14 Enipticine; ICy = 0.32 £ 0.17 Hg/mL uaz Doxorubicin: I1Cs = 0.03 £ 0.01 pg/mL fiu
positive control AM5U anti-NCI-H187 afauUAIEL12 14-16

J L3 - -
2.4 OB uNziTIUn (Anti-cancer oral human epidermal carcinoma; anti-KB): Colorimetric method:;
Sulforodamine B assay (SRB)

f1 IC, (Mg/mL Activity

> 20 inactive

> 10-20 weakly active
5-10 moderately active

<5 strongly active
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e 14 Ellipticine; IC5, = 0.83 & 0.3 pg/mL uas Doxorubicin; ICs = 0.15 £ 0.04 pg/mL (1w
positive control &W5U anti-KB
25 nnfvﬁuu:ﬁaw‘huu (Anti-breast cancer; anti-BC): Colorimetric method; Sulforodamine B assay
{SRB)

1 1C,, (Llg/mL} Activity

> 20 inactive

> 10-20 weakly active
5-10 moderately active
<5 . strongly active

e 14 Ellipticine: ICyo= 0.92 + 0.17 [tg/mL w8z Doxorubicin; ICs, = 0.13 & 0.03 pg/mL 1w
positive control #1735U anti-BC
2.6 qninusadadad (Anti-fungal activity against Candida albicans (in vitro); anti-fungal):

Colonmetric methed; 3-(4,5-dimethylthiazol-2-yl}-2,5-diphenyltetrazolium bromide (MTT) assay

ﬂ"‘_lc.g.g fmL Activily

> 50 inactive

> 10-20 weakly active
5-10 moderately active
<5 strongly active

® 15 Amphotericin B; IC;, = 0.37-0.043 lg/mL 1w positive control & m¥U anti-fungal
Lo A’ L}
27 n'niguu r_fal.'ﬂau'\mnu (Anti-malarial activity against Plasmodium faiciparum, K1 strain):

Microculture radioisotope technique

-t o
® Final concentration UaIRNIAlENARAL = 10 plg/mL

o

. . .. Ll 3 . g age L] J’ - g :
®  Anti-malarial activity WI1TUWI9INAT % inhibition ASBANIRNITL ATUNRNLNTWNAIN

% inhibition Anti-malarial activity
< 50 inactive
. . . I o .
> 50 active (Y11 serial dilution (NaWIA1 ICg)

¢ 14 Dihydroartemisinine; ECs, = 4.4 nM i{lu positive control 13U anti-malarial activity
Lo kX o )
2.8 pndousngaiulye (Anti-tuberculous activity against Mycobacterium tuberculosis ({in vitro),
H37Ra): Microplate Alamar blue assay (MABA)

® varoufinuTuTwELdu 200 pg/mL
To3unaiu active uraId1 MIC 39NNAT¥A two-fold dilution test
Twurau inactive m1aannn‘1§ﬁmwnﬁn}'u > 200 Mg/mL

o % Rifampicin (RMP), MIC = 0.0047 |lg/mL. Kanamycin (KM); MIC = 25 Hg/mL ug:

Isoniazide (INH); MIC = 0.05 ptg/mL ti)u positive control #%5U anti-tuberculous activity
2.9 Anu-COX-1 activity uRz Anti-COX-2 activity

- - W - -
* waraufinnudndu 107 - 10° g/mL 1’1"'\1 COX-1 uat COX-2 enzyme

L \]an':a:i‘mLamna inactive % 10 g/mL ﬂga COX-1 uar COX-2 enzymea



