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ABSTRACT

Preliminary study of the MeOH-extract from the sponge Pachastrissa nux (de
Laubenfels, 1954) from Koh Tao, Surat-Thani Province, showed strong antimalarial activity (IC,,
13.3 pg/mL) against Plasmodium falciparum K1. Further investigation using chromatographic
techniques led to the isolation of three new trisoxazole macrolides, kabiramides J, K, and L, along
with a series of known kabiramide analogs, kabiramides B, C, D, G, and I. The three new
kabiramides belong to a new class of trisoxazole macrolides possessing 30-0.[3-enone moiety,
which have been found solely associated with the P. nux sponge. All the isolated compounds
showed cytotoxic activity against both normal human fibroblast and MCF-7 breast
adenocarcinoma cell lines (IC,;s 0.50-7.59 uM and 0.02-2.00 uM, respectively) and antimalarial
activity against P. falciparum K1 (ICs 0.31-4.79 uM).

In addition, P. nux possessed an ability to allocate the kabiramides specifically
towards the capitum part, the growth form protruding over the irregular-shape base. Choosing
kabiramides C and G as chemical markers, specific allocation of the macrolides towards the
capitum suggested the utilization of kabiramides as a defense mechanism against predators and/or

settlement of other fouling species in the P. nux sponge.
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CHAPTER 1

INTRODUCTION

1.1 General introduction

Herbal medicines, or drugs from nature, are among areas that have revolved
around the history of mankind. Whereas addressed as “herbal”, herbal medicines in fact extend
their meaning to include all drugs from nature whether they come from plants, animals, or
mineral and salts. Tracing back into the ancient records, men have employed surrounding
resources for the medical, and sometime spiritual, purposes to the great extent.

The evolution of modern technology has led to the isolation of active ingredients
from these herbal medicines, and allows them to be used more effectively with less adverse and
undesired reactions. To date, it has been estimated that up to 46% of currently used medicines
come directly from their natural sources, and additional 24% are from synthetic analogs inspired
by the chemical structures of the “lead” compounds (Newman and Cragg, 2007; Blunt et al.,
2011). Such inspiration is among primary reasons for natural product chemists and scientists in
related areas to keep searching for new and fascinating chemicals from natural resources.

Similar to the terrestrial counterparts, marine organisms have been known to be
sources of various classes of natural products, most of which are unprecedented in terrestrial
organisms. The origin of marine natural products stemmed back in the 1950’s when a series of
arabinonucleosides and ribo-pentosyl nucleosides were isolated from Cryptotethia crypta
(Bergmann and Freeney, 1951; Bergmann and Burke, 1956; Bergmann and Stempien, 1957). The
discovery led to the development and commercialization of anticancer drugs, cytarabine (Ara-C),
and antiviral drug, vidarabine (Ara-A). Since then, the unique and complex structures of marine-
derived molecules have been an inspiring and driving force for the search of new molecules in
drug discovery. To date, six marine-derived compounds have been approved to be used

clinically. These included ziconotide (Prialt®), a synthetic form of ®-conotoxin from the cone



snail Conus magus. Ziconotide is registered as an intrathecal analgesic for systemic analgesics,
adjunctive therapies, or IT morphine-intolerant chronic pain in 2004 (U.S. FDA/CDER, 2012).
Another approved drug is antitumor trabectedin (Yondelis®, formerly ecteinascidin 743) from the
tunicate Ecteinascidia turbinata (European Medicine Agency, 2012). The drug was approved by
European Union for soft tissue sarcoma and relapsed platinum-sensitive ovarian cancer in 2007,
and is now in phase III trials for the approval to be used in the USA (U.S. National Institute of
Health, 2012).

Marine-derived eribulin mesylate (HalavenTM), a synthetic analog of
halichondrin B from the sponge Halichondria okadai, was approved in 2010 for the intravenous
treatment of metastasis breast cancer, particularly in the patients who have received at least two
prior chemotherapy regimens for late-stage disease (U.S. FDA, 2012). In August 2011, U.S.
FDA/CDER (2012) approved brentuximab vedotin (Adcetris™), a derivative of dolastatin 10
originally isolated from the sea hare Dolabella auricularia, for Hodgkin’s lymphoma and
systemic anaplastic large cell lymphoma treatment. The extended list of marine-derived drugs in

various phases of clinical trial are excerpted in Table 1.

Table 1. Current clinical pipeline of marine-derived compounds

Compound name Source Disease area
Approved
cytarabine, Ara-C (Cytosar—U®) Cryptotethia crypta (sponge) cancer
vidarabine, Ara-A (Vira—A®) C. crypta (sponge) viral infection
ziconotide (Prialt®) Conus magus (cone snail) chronic pain
trabectedin (Yondelis") Ecteinascidia turbinata (tunicate) cancer
(EU registered only)
eribulin mesylate (Halaven' ) Halichondria okadai (sponge) cancer
brentuximab vedotin Dolabella auricularia (sea hare; cancer

(Adcetris™) synthetic derivative of dolastatin-10)




Table 1. (cont.)

Compound name Source Disease area

Phase ITI

trabectedin (Yondelis®) E. turbinata (tunicate) cancer

(U.S. registered only)

soblidotin (Auristatin PE) Symploca sp. (cyanobacteria; synthetic  cancer
derivative of dolastatin-10)

Phase IT

DMXBA Amphiporus angulatus (marine worm)  schizophrenia

plitidepsin (Aplidin®) Aplidium albicans (tunicate) cancer

elisidepsin (Irvalec”) Elysia rufescens (nudibranch) cancer

PM1004 (Zalypsis") Jorunna funebris (nudibranch) cancer

plinabulin Halimeda lacrimosa (green algae) cancer

tasidotin, synthadotin Dolabella auricularia (sea hare; cancer
synthetic of dolastatin-15)

pseudopterosins Pseudopterogorgia elisabethae (soft inflammation
coral)

Phase I

bryostatin 1 Bugula neritina (bryozoan) cancer

hemiasterlin Hemiasterella minor (sponge) cancer

marizomib (salinosporamide A) Salinispora tropica (obligate marine cancer

bacterium)

Note: Modified from Mayer et al. (2010) and from http://www.accessdata.fda.gov; access

January, 2012.

Over the past two decades the rate in discovery of new structural entities and
novel activities of natural products from marine organisms has accelerated. This is in part due to
the accessibility of SCUBA diving equipments, which allows researchers to probes the areas

never been explored, and the state-of-the-art isolation and structure elucidation technology.



Expanding the areas of marine natural products also allow an extensive research not only toward



the compounds that may be used in medical and pharmaceutical purposes but also toward the
relationship within and between marine species, thereby leading to the sustainable exploitation of

marine bioresources.

1.2 Chemical constituents from the sponge Pachastrissa nux

The sponge P. nux belongs to the family Calthropellidae, order Astrophorida,
class Demospongiae. Underwater, the sponge has two different growth forms; a grayish-black
capitum, and branching, irregular-shaped base covering with dense algae or other sponges. On
the surface, the exterior of the sponge was grayish-black, and the firm interior was whitish brown
with black margin.

Chemically, the sponge P. nux has not been widely studied. In fact, to date, only
three reports on the chemical constituents from the genus Pachastrissa have been published.
Fernandez et al. (1999) reported eleven bengazoles, five bengamides, and a “lactone” from the
sponge Pachastrissa sp. Bengazoles 1-10 were active against Candida albicans (MICs 0.8-1.5
pug/mL). Later, Kuroda et al. (2002) reported the isolation of pachastrissamine from Pachastrissa
sp. The alkaloid was cytotoxic against P388, A549, and MEL28 cell lines (IC,; 0.01 pg/mL).

Recently, a Thai specimen of the sponge P. nux from Sichang Island was
investigated, and four new cytotoxic trisoxazole macrolides (kabiramides F-T) were isolated along
with three known kabiramides B-D (Petchprayoon et al., 2006). All but kabiramide H showed
cytotoxic activity against A549, HT29, KB, BC, and/or NCI-H187 cell lines (IC ;s 0.03-0.18

pg/mL).

HyCO o

HO \
HO

lactone
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bengazole 3; CO(CH,)1oCH(CHs3), H
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1.3 Trisoxazole macrolides

Trisoxazole macrolides is a class of polyketide-serine derived macrolides that
are solely found in marine organisms. The primary sources were sponges of the genera
Halichondria, Mycale, Jaspis, Chondrosia, and Pachastrissa (Table 2). Other famous sources
were the nudibranch Hexabranchus sanguineus and its egg masses. The discovery of
accumulation of trisoxazole macrolides in the mantle of the nudibranch in fact was among the
first evidences of dietary transfer of compounds from the sponge prey to the nudibranch as for the
defensive benefit in the slug (Pawlik et al., 1988).

The trisoxazole macrolide analogs were structurally characterized by a 25-
membered macrocyclic lactone containing three consecutive oxazole rings and attached to an 11-
carbon panhandle side chain with an N-formyl terminal. The core skeleton of trisoxazole
macrolides are highly conserved with only limited variation in substitution pattern. Out of 36
carbon atoms on their core skeleton, the macrolides normally contained 10-13 chiral centers. The
determination of the configuration, however, has been reported to be quite problematic due to
their wax-like nature and highly flexible structures that forbade crystallization and NOE-related
experiments. The absolute configuration of trisoxazole macrolides was first determined through
X-ray crystallography of actin complex with ulapaulide A (Allingham et al., 2004).

Biologically, trisoxazole macrolides were strongly cytotoxic.  This was
attributed to the actin binding mechanism (Saito et al., 1994; Klenchin et al., 2003; Tanaka et al.,
2003; Allingham et al., 2004). The trisoxazole macrolide bound to G(+)-ending capping domain
of actin with high affinity and specificity. The interfering of normal actin filament dynamics,
which was fundamental of eukaryotic cell functions, leads to cell death and has been presumed as
primary mechanisms of several reported biological activity of trisoxazole macrolides, i.e.,
cytotoxic, antifungal, and proteasome-inhibiting activities.

To date, there have been 43 trisoxazole macrolides reported. Shown in Table 2
are naturally occurring trisoxazole macrolide analogs with their biological activities. The list was
organized due to similarity among each subclass of the macrolides, particularly based on the

substitution pattern at C4-C7 and C30-C33.
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1.4 Organ- and tissue-specific accumulations of secondary metabolites

The accumulations of the secondary metabolites in different parts of living
organisms have been proposed as the allocation of functional molecules towards crucial parts
with specific purposes. The chemical distributions have long been observed widely in terrestrial
plants. Early example included the distribution of plant hormone auxins as observed by Darwin
since 1880 and documented by Went in 1926, in which auxins regulation was described to play a
role in promoting cell growth. The auxins were allocated to growing parts, i.e., shoot apex, root,
and auxiliary bud, in higher level than that in mature tissues. Secondary metabolites, on the other
hand, are well known for their defensive functions against predators (Leyser, 2010). The
proposed ecological role of secondary metabolites usually involved a plant-herbivore interaction,
in which plants adapted and allocated unpalatable toxic metabolites, e.g., phenolic compounds
and volatile oils, to the highly vulnerable parts.

Similar to their terrestrial counterparts, allocation of secondary metabolites for
defense was proposed in marine organisms. For example, green algae in order Caulerpales
produced toxic metabolites in young growing parts and reproductive structures at a higher
concentration than in mature tissues. Determination of inter-specimen variation also showed that
the algae collected from the areas with high herbivory pressure shown higher variation both
qualitatively and quantitatively than in the other less hostile areas (Paul and Fenicals, 1986). The
inter-specimen allocation was supported by spatial-variation-in-consumers model (McClintock
and Baker, 2001). For defensive allocation in the sponges, the study of Becerro et al. (1998) was
the first that introduced intra-colonial variation, in which the contents of two sesterterpenes,
scalaradial, and desacetylscalaradial, in the sponge Cacospongia sp. were found in higher
concentration in the tips than in the bases of the sponges. The defensive function of these two
metabolites was proposed to be related to feeding behavior of the nudibranch Glossodoris pallida,
which prefers to feed on the base parts than on the tips of the sponge. Another evidence was the
intra-specimen variation of kuanoniamines C and D in unusual growth forms of the sponge
Oceanapia sp. The concentrations of the metabolites increased sharply from the buried base to

the protruding capitum (Schupp et al., 1999). Fish feeding deterrent activity of kuanoniamines C
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and D suggested that such allocation related to defense mechanism. Extended list of chemical

allocation in marine organisms is shown in Table 3.

Table 3. Chemical variation in marine organisms

Organisms Accumulated metabolites Types of allocation References
algae
Emiliania huxleyi dimethylsulphoniopropio-  intra-specimen Wolfe et al.,
(unicellular algae) nate, dimethyl sulphide (activated defense) 1997
Caulerpa caulerpin, caulerpenyne intra-specimen Meyer and Paul,
sertularioides, 1992
C. racemosa,
C. cupressoides
(green algae)
Caulerpa taxifolia caulerpenyne inter-specimen Amade and
(green algae) (seasonal variation) Lemée, 1998
Caulerpales sp (green  dihydrorhipocephalin, intra- and inter- Paul and

algae)

Halimeda sp. (green

algae)

Stypopodium zonale

(brown algae)

aldehyde, udoteal, pehodi,
dihydroudoteal, rhipo-
cephalin, habmedatrial,
halimeda tetraacetate,
chlorodesmin,
caulerpenyne
halimedatrial, halimeda-
tetraacetate, epihali-

medatrial

polycyclic terpene,

prenylated hydroquinones

specimen

intra- (activated
defense) and inter-
specimen (geographic

variation)

inter-specimen

(geographic variation)

Fenical, 1986

Paul and
Fenical, 1986;
Paul and Van
Alstyne, 1988,
1992

Gerwick et al.,
1985; Soares et

al., 2003
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Organisms Accumulated metabolites

Types of allocation

References

Dictyota bartayresii,  polyphenolic compounds
D. cervicornis,
Padina tenuis,
Hydroclathrus
clathratus,
Sargassum
polycystum,
Sargassum
cristaefolium,
Sagrassum muticum,
Turbinaria ornata
(Agat), Turbinaria
ornata (Pago),
Cystoseira osmun-
dacea, Fucus
distichus, Halidrys
dioica, Pelvetiopsis
limitata, Agarum
fimbriatum, Alaria
marginata, Costaria
costata, Egregia
menziesii,
Hedophyllum sessile,
Laminaria dentigera,
Nereocystis luetkeana

(brown algae)

inter-specimen

(species variation)

Van Alstyne

and Paul, 1990
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Organisms Accumulated metabolites

Types of allocation

References

a

Postelsia NA
palmaeformis,
Sargassum
polyceratium,
Dictyota sp.
Petalonia fascia,
Dictyota ciliolata, D.
menstrualis,
Scytosiphon
lomentaria, Zoaria
tournefortii (brown
algae), Acetabularia
calyculus, Halimeda
incrassata, H.
opuntia, H. tuna,
Rhipocephalus
phoenix (green
algae), Digenea
simplex, Laurencia
poiteaui (red algae)

Delisea pulchra (red  halogenated furanones

algae)

Laurencia obtusa elatol

(red algae)

sponge

Amphimedon sp. Diisocyanoadociane, A

sterol

intra-specimen

(activated defense)

inter-specimen

(geographic variation)

intra-specimen

intra-specimen

Cetrulo and

Hay, 2000

de Nys et al.,
1996; Wright et
al., 2000
Sudatti et al.,

2006

Garson et al.,

1992
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Organisms

Accumulated metabolites

Types of allocation

References

Agelas conifera

Agelas wiedenmayeri

Aplysina aerophoba

Aplysina fulva

Aplysilla glacialis

oroidin, sceptrin,
bromosceptrin,
dibromosceptrin,
ageliferin,
bromoageliferin,
dibromoageliferin
4,5-dibromopyrrole-2-
carboxylic acid, oroidin,
bromoageliferin
aerophobin-2,
aplysinamisin-1,

isofistularin-3

2-(3',5'-dibromo-4'-
hydroxyphenyl)acetamide,
aplysinafulvin, 2-(3,5-
dibromo-1-hydroxy-4,4-
dimethoxycyclohexa-2,5-
dienyl)acetamide, 2-(3,5-
dibromo-4-ethoxy-1-
hydroxy-4-methoxy-
cyclohexa-2,5-dienyl)
acetamide, subereatensin,
oxazolidinone

manodl, cholesterol

endoperoxide

intra- (cellular
localization) and inter-
specimen (geographic

variation)

intra- and inter-
specimen (geographic
variation)
intra-specimen
(activated defense, cell
localization,

symbiosis)

intra-(structural
variation) and inter-
specimen (geographic

variation)

intra-specimen

Assmann et al.,
2000; Richelle-
Maurer et al.,

2003

Assmann et al.,

2000

Ebel et al.,
1997; Turon et
al., 2000;
Sacristan-
Soriano et al.,
2011a,2011b
Nunez et al.,
2008; Freeman
and Gleason,

2010, 2011

Bobzin and

Faulkner, 1992
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Organisms

Accumulated metabolites

Types of allocation

References

Aplysina fistularis (=

Verongia thiona)

Cacospongia sp.

Chondrilla nucula

Clathrina clathrus

Crambe crambe

Dysidea avara

Ectyoplasia ferox

Erylus formosus

areothionine,

homoaerothionine

scalaradial, desacetyl-
scalaradial

cerebroside

clathridimine

crambines A, B, C1, C2,

crambescidins 800, 816,

830, 844

averol

ectyoplasides A-B,

feroxosides A-B

formaside, formaside B,

terpene glycosides

intra- (cell
localization) and inter-
specimen (season

variation)

inter-specimen
(geographic variation)
inter-specimen

(geographic variation)

intra-specimen (cell
localization)

intra- (cell
localization) and inter-
specimen (size
structure and geo
graphic variation)
intra- (cell
localization) and inter-
specimen (geographic
variation)

intra-specimen

intra-specimen

Thompson et
al., 1983;
Betancourt-
Lozano et al.,
1998

Becerro et al.,
1998

Schmitz and
McDonald,
1974;
Swearingen and
Pawlik, 1998
Roué et al.,
2010

Becerro et al.,
1995, 1997,
Turon et al.,
1996; Uriz et
al., 1996b
Miiller et al.,
1986; Uriz et
al., 1996a; Marti
et al., 2003
Kubanek et al.,
2002

Kubanek et al.,

2000, 2002
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Organisms Accumulated metabolites Types of allocation References
Haliclona sp. salicylihalamide A inter-specimen (color Abdo et al.,
and geographic 2007
variations)
Ircinia felix, I furanosesterterpene intra-specimen Freeman and

campana

Ircinia variabilis

Latrunculia sp.

Melophlus

sarassinorum

Mycale hentscheli

Negombata magnifica

Oceanapia sp.

Rhopaloeides

odorabile

tetronic acid

palinurin

discorhabdins A-D, G

melophins A-B, D-E, G-I,
0, Q-S

mycalamide A, pateamine,
peloruside A

latrunculin B

kuanoniamines C-D, N-

deacetyl-kuanoniamine D

spongiadiol, spongiadiol
diacetate, spongiatriol,

spongiatriol acetate

inter-specimen
(geographic variation)
intra- and inter-
specimen (species

variation)

intra-specimen

inter-specimen
(geographic variations)
intra-specimen (cell
localization)

intra-specimen

inter-specimen

(geographic variation)

Gleason, 2010,
2011

Marti et al.,
2003

Yang and
Baker, 1995;
Miller et al.,
2001; Furrow et
al., 2003

Aoki et al.,
2000; Xu et al.,
2006; Rohde
and Schupp,
2011

Page et al., 2005

Gillor et al.,
2000

Eder et al.,
1998; Schupp et
al., 1999
Thompson et

al., 1987
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Organisms Accumulated metabolites Types of allocation References
Spongia lamella ergosteryl myristate, inter-specimen Noyer et al.,
nitenin, isonitenin, (geographic variation) 2011

Theonella swinhoei

gorgonian
Annella mollis, A.

reticulata

Briareum asbestinum

Gorgonia ventalina,

G. flabellum

Pseudopterogorgia

acerosa, P. rigida
soft coral
Parerythropodium

Sfulvum fulvum

dihydronitenin, 12-
episcalarin, 12-
epideoxoscalarin, 12-
episcalaradial, 12,18-
iepisclalaradial

swinholide A, P 951

a

NA

briaranes, asbestinanes

furano-germacrene,
julieannafuran, phos-
pholipid fatty acids caro-
tenoids, 5,10-epoxy-
muurolane, 12,13-epoxy-

o-santalene, isosericenine

pseudopterolide,

curcuhydroquinone

fulfulvene, 5-hydroxy-8-
methoxy-calamenene, 5-
hydroxy-8-methoxy-

calamenene-6-al

intra-specimen

(symbiosis)

inter-specimen
(geographic variation)

inter-specimen

intra- (size structure
and infected disease)
and inter-specimen

(geographic variations)

intra-specimen

inter-specimen

(geographic variation)

Bewley et al.,

1996

Puglisi et al.,
2000

Harvell et al.,
1993

Cronin et al.,
1995; Slattery,
1999; Kim et
al., 2000; Dube
et al., 2002;
Roussis et al.,
2001

Harvell and

Fenical, 1989

Kelman et al.,

2000
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Organisms Accumulated metabolites Types of allocation References
Sinularia flexibilis flexibilide, dihydro- inter-specimen (size Maida et al.,
flexibilide, sinulariolide structure and geo- 1993
graphic variations)
bryozoan
Flustra foliacea benzaldehyde, 6-methyl-5- intra- and inter- Peters et al.,

heptene-2-one, rosefuran,
linalool, citronellal,
rosefuran epoxide, nerol,
geraniol, geranial, 1,4,5-
trimethyl-6-(3-methyl-2-
butenyl)-5-(4-methyl-3-
pentanyl)-1,3-cyclohexa-
diene, 4,6-bis(4-methyl-
pent-3-en-1-yl)-6-methyl-
cyclohexal,3-diene-
carbaldehyde, dihydro-
flustramine C,
flustraminols A-B,
flustramines A-D, 6-
bromo-2(1,1-dimethyl-2-
propenyl)-1H-indole-3-
carbaldehyde, deformyl-
flustrabromine B,
deformyl-flustrabromin;
(3aR*, 8aS*)-6-bromo-
3a[(2E)-3,7-dimethyl-2,6-

octadienyl]-1,2,3,3a,8, 8a-

specimen (age and

geographic variations)

2004
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Organisms Accumulated metabolites Types of allocation References
hexahydro pyrrolo[2,3-
blindol-7-ol,
flustrabromine, N-(2-[6-
bromo-2-(1,1-dimethyl-2-
propenyl)-1H-indol-3-
yl]ethyl)-N-methyl
methane-sulfonamide
sea slug
Aplysia parvula (sea  halogenated furanones intra-specimen (organ-  de Nys et al.,
hare) specific variation) 1996
Cadlina furodysinin, idiadione, intra-specimen (organ-  Thompson et
luteomarginata pallescensis A, isonitriles,  specific variation) al., 1982
(nudibranch) isothiocyanates
Chromodoris funerea  12-epi-scalarin, inter-specimen Kernan et al.,
(nudibranch) deoxoscalarin, (geographic variation)  1988a
luffairiellin-C,
luffairiellin-D,
ketodeoxoscalarin
brachiopod
Liothyrella uva NA* intra-specimen (tissue- Mahon et al.,

ascidian

Cystodytes sp.

ascididemin, 11-
hydroxyascididemin,
shermilamine B, deacetyl-
shermilamine B, kuano-
niamine D, deacetylkuano-

niamine D

specific variation)

intra- and inter-
specimen (color

variation)

2003

Lopez-Legentil
et al., 2005,
2006
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Organisms Accumulated metabolites Types of allocation References

Distaplia cylindrica organic acid intra-specimen McClintock et
al., 2004

echinoderm

Astropecten NA* intra-specimen Bryan et al.,

articulatus, (specific tissue) 1996

Tethyaster grandis,

Echinaster sp.,
Henricia downeyae,
Anthenoides piercei,
Goniaster tessellatus,
Tosia parva, Luidia
clathrata, Chaetaster
nodosus, Linkia
nodosa, Narcissia
trigonaria, Tamaria
halperni, Oreaster
reticulaus,
Astrocyclus caecilia,
Astroporpa annulata,
Astrophyton
muricatum,
Holothuria
lentigenosa, H.
thomasi, Isostichopus
badionotus,
Comactinia

meridionalis

Note: ‘Data is not available.
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1.5 Rationales and objectives

The sponge P. nux is one of abundant benthic species in coral reefs along the
Gulf of Thailand. Preliminary screening showed that its methanolic extract had a good
antimalarial activity (IC,; 13.3 pg/mL) and cytotoxicity (>80% inhibition against MCF-7, HeLa,
KB, and HT-29 cancer cell lines at 25 ug/mL). In addition, the careful examination suggested
that such activities distributed unevenly between two growth forms of the sponge specimens,
implying different chemical compositions in each part. It is of interest to investigate whether the
localization of such compounds, along with the production and deposition of biologically active
compounds, could be accounted for their roles in survival of the sponge and configure the
importance of the bioactive metabolites in sponge as one of chemical defenses. The aims of this
work are;
i) To isolate and elucidate the structures of the chemical constituents from the sponge
Pachastrissa nux.
ii) To determine the biological activities, including the antimalarial activity and
cytotoxicity, of the isolated compounds.
iii) To evaluate the distribution of chemical constituents among various growth forms of

the sponge specimens.



CHAPTER 2

EXPERIMENTAL

2.1 General experimental procedures

Unless stated otherwise, all chemicals and chromatographic packing materials
were used as purchased. The solvent used for general purposed were commercial grade and
were re-distilled prior to use. All HPLC solvents were HPLC grade, and were filtered through a
0.45 pm membrane filter and degassed in ultrasonic bath (30 min). Analytical TLC was
performed on silica gel 60 F,, (0.02 mm layer thickness; Merck") and silica gel RP-18 | SN

(0.02 mm layer thickness; Merck®). The visualization was done under UV light (254 nm), and
with iodine vapor.

The vacuum and flash chromatographies were carried out on silica gel 60

(particle size 0.04-0.06 mm; Scharlau®). The size exclusion chromatography was conducted on
SephadexTM LH-20 (GE Healthcare"), which was saturated in eluting solvents as stated for 24 h
before using. Semi-preparative HPLC was performed either on a Waters 600E System
Controller equipped with a Rheodyne 7125 injector port, a Waters 484 tunable absorbance
detector, and a Jasco 807-IT integrator, or on a Thermo Finnigan Spectra system controller SCM
1000 equipped with P 4000 quaternary pump, Rheodyne 77251 injector port, and UV 6000 LP
diode array detector, operated with ChromQuest 4.2.34 (3.1.6) software.

Optical rotations were measured on a Perkin Elmer Polarimeter 341
(Pharmaceutical Research Equipment Center, Faculty of Pharmaceutical Sciences, Chulalongkorn
University). UV spectra were obtained either from a Hewlett Packard 8452A diode array
(Department of Pharmaceutical Chemistry, Faculty of Pharmaceutical Sciences, Prince of
Songkla University), a Shimadsu UV-160A UV-visible recording spectrophotometer
(Pharmaceutical Research Equipment Center, Faculty of Pharmaceutical Sciences, Chulalongkorn

University), or a Thermo The SpectronicTM GENESYS™ 6 UV-visible (Department  of

37
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Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of
Songkla University). IR spectra were recorded on a Jasco 810 IR spectrophotometer (Department
of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of
Songkla University). Mass spectra were measured either on a Micromass LCT spectrometer
(Scientific Equipment Center, Prince of Songkla University), or on a maXis Bruker Daltonics
(Department of Organic Chemistry, University of Vienna) for ESIMS spectra, and on a Thermo
FinniganMAT 95 XL mass spectrometer for FABMS (Scientific Equipment Center, Prince of
Songkla University). NMR spectra were recorded either on a Varian Unity Inova 500 MHz NMR
spectrometer (500 MHz for 'H, 125 MHz for "C; Scientific Equipment Center, Prince of Songkla
University) or on a Bruker DRX-600 AVANCE spectrometer (600 MHz for ]H; 150 MHz for 13C;
Department of Organic Chemistry, University of Vienna). The operating solvents were benzene-
d, (7.15 ppm of residual C;HD; for 'H and 128.0 ppm for “c NMR) and chloroform-d (7.24 ppm
of residual CHCI, for 'H and 77.0 ppm for Pc NMR). The spectra were all referred to solvent
signals stated accordingly as internal standards.

The HPLC-UV based quantitative analysis was performed on a Shimadzu SCL-
10A solvent delivering system with an LC-10AD pump. This was equipped with an SPD-10A
UV diode array detector and an SIL-10AD autosampler. Chromatographic systems and

chromatogram management were operated with a CLASSVP 6.13 PS1 software.

2.2 Chemical constituents of the sponge P. nux

2.2.1 Animal material

The specimens of the sponge P. nux were collected from three different
expeditions; two from Koh Tao, Surat-Thani Province (10° 6.058' N, 99° 51.238' E), in April
2004 and April 2006, and one from Chumphon Islands National Park, Chumphon Province (10°
29.468' N, 99° 25.132' E), in April 2008, all at the depth of 15-20 m. The specimens were
procured in an ice chest (0°C) upon surfacing and at -20°C once arrived at the laboratory until

extraction. The sponge was identified to be Pachastrissa nux (de Laubenfels, 1954) (family
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Calthropellidae) by Dr. Sumaitt Putchakarn, Institute of Marine Science, Burapha University.
The sponge has two fundamental growth forms, a grayish-black branched capitum randomly
protruding from an irregular-shape grayish-black base covering underwater substratum (Figure 1).
A voucher specimen (AP04-002-01) was deposited at the Department of Pharmacognosy and

Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University.

) 500 6o , 70 , 80 O
[T T T T

Figure 1. The sponge Pachastrissa nux: underwater (a) and upon surfacing (b).

2.2.2 Extraction and isolation

The chemical investigation of the sponge specimens from three collecting
expeditions was carried out separately and independently. The freeze-dried specimens from the
2004- and 2006-expeditions (517 g, total), were pooled and macerated in CH,OH (5 x 700 mL).
The dried CH,OH-extract was partitioned with a series of solvents to yield hexane-, CH,Cl,-, and
n-BuOH-extracts (9, 4, and 36 g, respectively). The CH,Cl,-extract (IC,, 0.7 pg/mL against
Plasmodium falciparum K1) was selected for further purification. The extract was fractionated
with two consecutive SiO, columns, (5% CH,OH in CH,Cl,; and gradient CH,OH/hexane/CH,Cl,
from 2.5:1:96.5 to 30:1:69) to yield two major fractions. An aliquot (213 mg) of the first fraction
was chromatographed over SephadexTM LH-20 (CH,OH), then with HPLC RP-C8 column
(Supelco®AscentisTM, 10 um, 250 x 10 mm; 40% H,O in CH,CN, flow rate 3.0 ml/min) to yield

kabiramides B (1, 9 mg), C (2, 13 mg), G (3, 8 mg), J (4, 3 mg), and a pooled fraction (101 mg).
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This pooled fraction was further fractionated using HPLC RP-C8 column (Supelco®AscentisTM,
10 um, 250 x 10 mm; 50% H,0 in CH,CN, flow rate 3.3 mL/min), then HPLC RP-C18 column
(Vertical VertiSep " GES, 5 um, 150 x 4.6 mm, 35% H,0 in CH,OH, flow rate 1.5 mL/min), and
kabiramide I (5, 2 mg) was obtained (Scheme 1). Additional amounts of 1, 2, and 3 were later
obtained from the remaining aliquot (223 mg) using HPLC RP-C18 column (Phenomenex ", 10
pm, 250 x 10 mm, 35% H,O in CH,CN flow rate 3.5 mL/min). The total yields for 1-3 were 23,
40, and 25 mg, respectively.

The second fraction (290 mg) was purified using an HPLC RP-C18 column
(Phenomenex®, 10 pm, 250 x 10 mm, 35% H,O in CH,CN flow rate 3.5 mL/min) to yield 2 (23
mg) and a pooled fraction. This was further separated using an HPLC RP-C18 column
(Phenomenex®, 10 pm, 250 x 10 mm, 35% H,O in CH,CN flow rate 3.5 mL/min), and
kabiramide D (6, 3 mg) was obtained (Scheme 1).

The specimen from the 2008 expedition was freeze-dried (790 g) and extracted
in the same manner as previously described to yield hexane-, CH,Cl,-, and n-BuOH-extracts (14,
7, and 4 g, respectively). The CH,Cl,-extract was isolated with consecutive chromatographies as
followed; SiO, column (5% CH,OH in CH,Cl,), SiO, column (0.5% CH,OH in EtOAc),
SephadexTM LH-20 column (CH,0H), and HPLC RP-C8 column (Phenomenex(@, 10 um, 250 x
10 mm, 50% H,O in CH,CN, flow rate 8.0 mL/min). Along with additional amounts of 1 (86
mg), 2 (232 mg), and 3 (111 mg), two fractions were obtained. The first fraction (12 mg) was
purified using a HPLC RP-C8 column (Supelco®AscentisTM, 10 pm, 250 x 10 mm; 22% H,O in
MeOH, flow rate 3.5 mL/min) to yield kabiramide K (7, 6 mg), and the second fraction (21 mg)
was purified with a HPLC RP-C8 column (Supelco®AscentisTM, 10 um, 250 x 10 mm; 25% H,O
in MeOH, flow rate 3.5 mL/min) to yield 4 (12 mg) with a fraction which was further purified
with a HPLC RP-C18 column (Vertical VertiSep = GES, 5 um, 150 x 4.6 mm, 30% H,O in
CH,OH, flow rate 1.5 mL/min) to obtain kabiramide L (8, 2 mg) (Scheme 2).

Kabiramide B (1); white solid; [o], +4 (¢ 0.6 CHCL,); UV (CH,0H) 4,

max

(log &) 252 (5.19), 212
(5.10) nm; IR (thin film) V... 3600-3250 (br), 3450, 3350, 3150, 2960, 2925, 1730, 1718, 1690,

1659 cm_l; 'H and "C NMR see Table 8; ESIMS m/z (% relative intensity) 950.0 (IM+Na]’, 100).
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Freeze-dried sponge (517 g)

macerated with CH,OH

partitioned with hexane, CH,Cl,, and n-BuOH

hexane-extract (9 g)

CH,Cl,-extract (4 g)

n-BuOH-extract (36 g)

1. SiO,; 5% CH,OH in CH,Cl,
2. SiO,; gradient CH,0OH/hexane/CH,CI,

from 2.5:1:96.5 to 30:1:69

213 mg

460 mg 290 mg
HPLC, RP-C18, 35% H,0 in CH,CN
| ) |
2 22 mg
(23 mg) HPLC, RP-C18,
35% H,0 in CH,CN
6
(3 mg)
aliquot 223 mg aliquot

Sephadex' " LH-20, CH,0H

HPLC, RP-C18, 35% H,0 in CH,CN
| |

1 2 3
HPLC, RP-C8, 40% H,0 in CH,CN | (410 (27 mg) (17 mg)
[ [ [ |
1 2 3 4
101 mg
(9 mg) (13 mg) (8 mg) (3 mg)

HPLC, RP-C8, 50%H,0 in CH,CN

HPLC, RP-C18, 35% H,0 in CH,OH

5
(2 mg)

Scheme 1. Isolation scheme of the sponge P. nux (2004 and 2006 specimens).
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Freeze-dried sponge (790 g)
macerated with CH,OH

partitioned with hexane, CH,Cl,, and n-BuOH

hexane-exltract (14 ¢) CH,Cl,-extract (7 g) n-BuOH-eJ(tract “4g
1. SiO,, 5% CH,OH in CH,CI,

2. Si0,, 0.5% CH,OH in EtOAc

3. Sephadex ' LH-20, CH,OH

4. HPLC, RP-C8, 50% H,O in CH,CN

1 2 3
(86 mg) (232 mg) (111 mg) 12 mg 21 mg

HPLC, RP-CS8,

HPLC, RP-C8, ]

25% H,0 in CH,OH
22% H,0 in CH,0OH
1

7 4 mg

(6 mg) HPLC, RP-C18,

30% H,0 in CH,0H

4 8
(12 mg) (2 mg)

Scheme 2. Isolation scheme of the sponge P. nux (2008 specimen).

(log &) 252 (5.20),

max

Kabiramide C (2); white solid; [a], +10 (¢ 0.6 CHCL,); UV (CH,OH) 4
210 (5.11) nm; IR (thin film) v, 3600-3250 (br), 3450, 3350, 3150, 2960, 2925, 1725, 1720,
1698, 1650 cm>1; 'H and "C NMR see Table 9; ESIMS m/z (% relative intensity) 963.9 ([M+Na]+,
100).

Kabiramide G (3); white solid; [a], +27 (¢ 0.3 CHCL,); UV (CH,0H) A4_, (log €) 236 (5.31),

max

212 (5.26) nm; IR (thin film) v

max

3600-3250 (br), 3460, 3350, 3150, 2960, 2925, 1725, 1720,
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1690, 1659 cm'; H and "C NMR see Table 10; ESIMS m/z (% relative intensity) 931.9
(IM+Na]’, 100).

Kabiramide J (4); white solid; [a], +6 (¢ 0.8 CH,0H); UV (CH,0H) 4,

max

(log &) 248 (4.55) nm;
IR (thin film) v__3600-3250 (br), 3460, 3375, 3175, 2960, 2925, 1735, 1720, 1690, 1659 cm ;
"Hand "C NMR see Table 4; ESIMS m/z (% relative intensity) 918.5 ((M+Na]’, 100); HRESIMS
m/z 918.4463 (calcd for C,.H_N.O,,Na 918.4476).

467765

Kabiramide I (5); white solid; [a], -8 (¢ 0.04 CHCL,); UV (CH,0H) 4,

max

(log &) 248 (4.65) nm;

IR (thin film) v

max

3600-3200 (br), 3450, 3350, 2955, 2925, 1730, 1720, 1710, 1680, 1670, 1650
cm_l; 'H and "C NMR see Table 11; ESIMS m/z (% relative intensity) 968.6 ([M+Na]+, 100),
984.6 (IM+K]', 15).

Kabiramide D (6); white solid; [a], -11 (¢ 0.2 CHCL); UV (CH,0H) 4__ (log &) 236 (6.49) nm;

IR (thin film) v, 3600-3250 (br), 3175, 2960, 2925, 1735, 1690, 1659 cm; 'H and "C NMR
see Table 12; ESIMS m/z (% relative intensity) 921.5 ([M+Na]+, 100).

Kabiramide K (7); white solid; [a], +9 (¢ 0.3 CH,OH); UV (CH,OH) A

max

(log &) 246 (4.55)
nm; IR (thin film) v, 3600-3250 (br), 3175, 2960, 2925, 1735, 1690, 1659 ¢cm ; H and "C
NMR see Table 5; FABMS m/z (% relative intensity) 867.5 (IMH]', 3), 563.5 (2), 282.3 (100),
256.3 (18); HRFABMS m/z 867.4713 (caled for C,;H,N,O,, 867.4755).

467767

Kabiramide L (8); white solid; [a], +2 (¢ 0.2 CH,0H); UV (CH,OH) A__ (log &) 231 (4.73),

217 (4.71), 207 (4.71) nm; IR (thin film) v, 3600-3250 (br), 2960, 2925, 2850, 1720, 1680,
1675, 1659 cm ; 'H and "C NMR see Table 6; ESIMS m/z (% relative intensity) 875.5 ((M+Na],
100), 891.5 ([M+K]', 15); HRESIMS m/z 875.4429 (caled for C,H,N,0,,Na 875.4415),

891.4176 (caled for C,;H,,N,0,,K 891.4141).

2.2.3 Biological activities

2.2.3.1 Antimalarial activity

The assay for antimalarial activity was serviced by Bioassay Laboratory

(BIOTEC central research unit, BIOTEC, Thailand). The targeted parasite was Plasmodium
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falciparum (K1 multidrug resistant strain), which was maintained in RPMI 1640 medium
containing 20 mM HEPES (N-2-hydroxyethylpiperazine-N “2-ethanesulfonic acid), 32 mM
NaHCO,, and 10% heat activated human serum (Trager and Jensen, 1976). The assay was
performed according to microculture radioisotope technique (Desjadins et al., 1979;
Jongrungruangchok et al., 2004). In brief, a 200 uL mixture of 1.5% of erythrocytes with 1%
parasitemia at an early ring state was exposed to 25 pL of RPMI medium containing tested
sample in a serial dilution (doped with DMSO, 0.1% final concentration). This was inoculated at
37°C under a 5%-CO, atmosphere for 24 h. A 25 pL of [SH]hypoxanthine in the RPMI medium
(10 uCi) was added to each well and the plate was incubated for additional 24 h addition.
Detection of incorporated [3H]hypoxanthine was performed on a TopCount microplate
scintillation counter. The activity was reported in IC,, scale, using dihydroartemisinin as the

standard reference (IC,;s 1.1-4.4 nM).

2.2.3.2 Cytotoxic activity

The cytotoxic activity determination based on sulphorrhodamine B method
(Skehan et al., 1990) was supported by Asst. Prof. Dr. Supreeya Yuenyongsawad, Department of
Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of
Songkla University. The breast cancer (MCF-7) and normal (human fibroblast) cell lines were
targeted. In brief, the monolayer culture of each targeted cell line in a 96-well micro-liter plate
was exposed to a serial dilution of tested samples in an EMEM medium doped with 2 mM
glutamine, 10% heat-inactivated new born calf serum, 50 IU/mL penicillin G sodium, 50 pg/mL
streptomycin sulphate, and 0.125 pg/mL amphotericin B. The plate was incubated at 37°C (5%
CO,, 95% humidity) for 6 days, at the middle of which time the medium was refreshed. Cells
were fixed with 100 uL of iced-cold 40% trichloroacetic acid. The fixed cells are washed and
stained with 0.4% SRB in 1% acetic acid. The excess dye was removed and the plate is allowed
to dry for an overnight. Stained dye was dissolved with Tris base for the measurements. The
survival percentage of the cells was determined on a microplate reader (Biotek PowerWaveX) at

492 nm using camptothecin as the reference standard.
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2.3 Quantification of kabiramide contents

2.3.1 Animal material

The specimens of the sponge P. nux were separately collected on a single colony
basis from Koh Tao, Surat-Thani Province (10° 7.140' N, 99° 50.948' E), in April 2007. The
sponge was identified and authenticated as described in 2.2.1. The sponge was immediately
stored in ice chest (0°C) upon surfacing, then at -20°C once arrived at the laboratory until

investigation.

2.3.2 Sample preparations

Each sponge specimen was cut into three parts; capitum, stalk, and base (Figure
2). The stalks, approximately 1-cm long, were dismissed from this investigation to avoid the
complication from contamination and chemical communication between two other parts. All
fouling organisms were removed, and each specimen was separately freeze-dried on an individual
basis. Each sample was separately refluxed in THF (15 mL, 1 h). The extract was collected, and
the sponge residue was washed with THF (3 x 5 mL). The combined extract and the washing
were evaporated to dryness, and stored at -20°C until the quantification. Each extract was
dispersed in CH,CN and diluted also with CH,CN to achieve a 500 pg/mL sample solution. This
was filtered through a 0.45 pum membrane filter, and subjected to the quantification without

further pre-chromatographic treatment.

2.3.3 Standard preparations

Kabiramides C and G were selected to be chemical markers throughout this
investigation due to the chromatographic clarity and availability. The reference standards were
obtained in-house according to the isolation described in 2.2.2, and were authenticated based on

spectroscopic data (Huizing et al., 1995; Charlet et al., 2002; Zhou et al., 2008). The purity of
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both references were referred to the NMR spectra, in which no significant impurity was observed.
The stock solution of each reference standard was prepared by dissolving accurately weighed
standard in CH,CN to 500 pg/mL. Standard preparations were prepared by diluting the stock

solution quantitatively with CH,CN to appropriate concentrations.

I

(T

I

| Zaere™

Figure 2. Surface appearance of the sponge P. nux showing capitum and base parts. The dashed

lines indicate the cutting lines for the sponge parts to be investigated.
2.3.4 Quantification of kabiramide contents

The HPLC-UV based quantification was performed on a Vertical VertoSepTMGES RP-
C18 column (5 um, 150 x 4.6 mm). The chromatographic conditions were as followed; 1% v/v
aqueous AcOH/CH,CN 37:63, flow rate 1.0 mL/min, 45°C, 20-uL injecting volume, UV 254 nm
detection. Determination of kabiramide C content was referred to the peak area (#, 8.7 min)
obtained directly from each chromatogram. As for kabiramide G, of which peak was overlapped
with the unknown impurities, determination of the height of positive peak from first-derivative
chromatogram (¢, 9.9 min) was employed. Each sample preparation (2.3.2) was subjected to the
devised chromatographic condition (all in triplicate). The concentration was calculated from the

calibration plots, and the contents were calculated on the basis of the extract dry weight.
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2.3.5 Validation of the devised HPLC-UV based quantification protocol

Prior to the quantification, the devised analytical method was validated for the
linearity, precision, accuracy, limit of detection (LOD), and limit of quantification (LOQ)

according to the guideline by the International Conference on Harmonization (ICH, 2005).

2.3.5.1 Linearity

The standard solutions of kabiramides C and G were diluted with CH,CN to a
series of appropriate concentrations (from LOQ to 100 pg/mL). Each standard solution was
subjected to the devised chromatographic condition (all in triplicate). The linearity of peak area-

or positive peak height-concentration plot was determined by means of linear regression.

2.3.5.2 Precision

Standard solutions of kabiramides C and G (1, 5, and 10 ug/mL), all in triplicate,
were subjected to the devised chromatographic conditions to determine intra-day robustness, and
the determination was repeated in three consecutive days for the inter-day precision. Relative
standard deviation (RSD) of retention time, peak area (for kabiramide C), and peak height in first-

derivative chromatogram (for kabiramide G) were determined.

2.3.5.3 Accuracy

Sample solutions, spiked with standard solutions (10, 20, and 30 pg/mL), were

subjected to the devised analytical protocol (all in triplicate). Recovery percentages of the

standards over the background concentration in the sample solution were determined.



48

2.3.5.4 Limit of detection (LOD) and limit of quantification (LOQ)

The concentrations at LOD and LOQ were achieved based on extrapolation from
peak height of analyzed peak and noise that give signal-to-noise ratios of 3 and 10, respectively.
All extrapolated LOD and LOQ concentrations were confirmed on standard solutions prepared at

the calculated concentration.

2.3.6 Determination of structural components

Determination of the structural components was referred to those described by
Schupp et al. (1999). Ash content determination was kindly carried out by Mrs Niwan Intaraksa,
Department of Pharmacognosy and Pharmaceutical Botany, Faculty of Pharmaceutical Sciences,
Prince of Songkla University. Each specimen was cut and dried in the same manner as described
in 2.3.2. Each freeze-dried specimen (n = 7) was soaked in 3% v/v H,0,/30% v/v NH,OH
(75:25) for 7 days. The specimen was removed and dried to constant weight of sponge structural
materials (mg/sponge dry weight). Each dried specimen was then pre-burned on a Bunsen burner,
and put in a muffle furnace (Neytech 85P) at 450°C for 24-36 h to obtain ash at a constant weight.
Ash content percentages were calculated on a basis of per sponge dry weight.

Determination of soluble proteins was carried out by Asst. Prof. Dr. Supreeya
Yuenyongsawad and Dr. Sireewan Kaewsuwan, Department of Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Prince of Songkla University, as
described in Bradford method (Bradford, 1976). The specimens (n = 5), prepared as described in
2.3.2, were extracted for soluble proteins using an extraction protocol described by Ericsson et al.
(2007). Each chilled specimen was extracted using an appropriate volume (10 times sponge dry
weight) of 2% sodium dodecyl sulfate buffer (pH 6.8). The resulting mixtures were shaken (1400
rpm, 70°C, 10 min) and centrifuged (13.2 X 10’ g, RT, 5 min). To a 0.1 mL of clear supernatants
were added and mixed well (2 min) with Coomassie Brilliant Blue solution (USB corporation,

0.01% w/v). The resulting bright blue solutions were determined for soluble protein content at
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595 nm. The calculation was referred to a calibration plot using bovine serum albumin as

standard, and was reported on a w/w percentage of dry sponge basis.

2.3.7 Data analysis

The normal distribution of all data was determined before analysis (SPSS 15.0).
The Wilcoxon sign-ranked test (SPSS 15.0) was used to determine the variation in the contents of
kabiramides C and G in either parts of the sponge, and Pearson’s correlation coefficient was for
correlations among the contents of each marker in each part (Microsoft Excel 2003). Paired #-test

(Microsoft Excel 2003) was used to compare structural materials between each part.



CHAPTER 3

RESULTS AND DISCUSSION

The chemical investigation of the sponge P. nux reported in this thesis is
composed of two independent, but related projects. The first part is the isolation and structure
determination of the chemical constituents from the sponge P. nux. The major components
reported here are trisoxazole macrolides in the kabiramide family, among which three new
compounds are reported here. The biological activities, namely antimalarial and cytotoxic
activities, are also reported. The second part is referred to the observation of the different growth
forms of the sponge P. nux and the implication in the specific chemical allocation in each growth
form. The relation between the chemical allocation and structural materials, implying optimal

defense mechanism, is also discussed.

3.1 Chemical constituents of the sponge P. nux

In the chemical investigation of the sponge P. nux, the CH,Cl,-extract, showing
a potent antimalarial activity (IC,, 0.7 pug/mL against P. falciparum K1) was chosen. The
investigation led to the isolation of three new and five known trisoxazole macrolides in the
kabiramide series. All the isolated compounds were subjected to antimalarial activity and
cytotoxicity assays to show that most are strongly active against P. falciparum K1, and all are

cytotoxic against breast cancer (MCF-7) and human fibroblast cell lines.

3.1.1 Isolation of chemical constituents from the sponge P. nux

The sponge P. nux was collected from three separated expeditions in April 2004,
April 2006, and April 2008. The combined specimens from 2004 and 2006 expeditions were
freeze-dried (517 g), and macerated in CH,OH to yield a crude extract. Solvent partitioning

yielded hexane-, CH,Cl,-, and n-BuOH-extracts. The active CH,Cl,-extract (IC,, 0.7 pg/mL

50
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against P. falciparum) was fractionated chromatographically to yield compounds 1-6 (23, 63, 25,
3, 2, and 3 mg, respectively). The specimen from 2008 expedition (790 g, dry weight) was
extracted in a similar fashion. The CH,Cl,-extract was chromatographed to yield two additional

new derivatives, 7 (6 mg) and 8 (2 mg) together with 4 (12 mg).

3.1.2 The structure elucidation of the isolated compounds

In the discussion on structure elucidation in this thesis, the structures of three
new compounds, 4, 7, and 8, are to be discussed first, followed by the identification of five

remaining known compounds.

3.1.2.1 Kabiramide J (4)

Compound 4 was obtained as a white solid (15 mg, 1.1% w/w dry sponge). The
molecular formula of compound 4 was deduced to be C,HN.O, according to a
pseudomolecular peak in the ESIMS mass spectrum at m/z 918.5 (IM+Na]"). This was confirmed
by the HRESI mass at m/z 918.4463 (caled for C,H N.O,,Na 918.4476). The purposed
molecular formula required an unsaturation degree of 17. This included six olefins, and seven
carbonyl/imine system, based on the “C NMR spectrum; therefore four rings were required. The
UV spectrum with a A at 248 nm (log € 4.55) corresponded with the presence of the oxazole
ring. The IR absorption bands at v_ 3460, 3375, and 1720 cm ' and a resonance at 0. 158.4 in the
“C NMR spectrum (3-OCONH,) were characteristic to a primary carbamate moiety. The
presences of lactone, enone, and formamide carbonyls were respectively indicated by the
characteristic IR absorption bands at v 1735, 1690, and 1659 cm |, and by the “C NMR signals
at 0. 171.6 (C-1), 201.0 (C-30), and 161.7 (35-NCHO), respectively.

The 'H and °C NMR spectra of 4 (500 MHz for ]H, benzene-d,, Figures 3 and 4)

showed the resonances of a 1:2 mixture of two inseparable conformers, caused by restricted

rotation about an N-methyl-formamide bond. The 'H NMR spectrum of 4 showed the signals of
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nine methyls, seven methylenes, and twenty methines. Included among these were five olefins,
three oxazoles, and one formamide moiety. The complexity of the spectrum required an
extensive use of H-'H COSY and HMBC experiments to construct all the structural frameworks.
Five substructures were proposed according to '"H-'H COSY spectrum (Figure 5). These included
a spin system of C-2 — C-9, on which 3-OCONH, (J,, 7.78, br s; 6.85, br s; 0. 158.4), 5-CH, (J,,
0.73, d, J = 6.6 Hz; 6. 19.3), 7-OH (J,, 2.82, d, J = 6.5 Hz), 8-CH, (J,, 0.98, d, J = 7.8 Hz; J.
10.7), and 9-OCH, (,, 3.04, s; J. 57.5) groups substituted. The second spin system was
composed of C-19 — C-35. Although this was fragmented through the 'H-'H COSY spectrum,
consecutive HMBC correlations from 23-CH, (6 1.60, overlapped) to C-22 (J 68.3) and C-24 (6
74.2); 27-CH, (6 0.93, d, J= 7.1 Hz) to C-26 (J 82.5) and C-28 (4 27.4); H-29 (4 2.67, m; 0 2.64,
m), 31-CH, (6 1.88, d, J = 1.3 Hz), and H-32 (J 6.32, dq, J = 9.3, 1.2 Hz) to C-30 (J 201.0)
allowed the thorough connection. HMBC experiments also allowed the connection of both spin
systems through a correlation from H-24 (6 5.71, td, J = 10.3, <1.0 Hz) to C-1 (6 171.6) and also

helped terminating the side chain with an N-methyl formamide (dy 2.60, s; 7.86, s; dc 161.7).

— 1H-1H COSY correlations
— HMBC correlations (H —C)

4—\
OH™ OCHs

4

Figure 5. 'H-'"H COSY and key HMBC correlations of kabiramide J (4).

Three consecutive oxazoles (C-10 — C-18) were proposed according to the
characteristic signals at oy 7.13 (s), 7.17 (s), and 7.30 (s). The orientation of all three rings were
placed as suggested by conventional oxazole biogenesis (Ishibashi et al., 1986; Shinha et al.,

1999; Ichino et al., 2006) and also referred to previous reports (Roesener and Scheuer, 1986;
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Matsunaga et al., 1986; Petchprayoon et al., 2006; Dalisay et al., 2009). Connection of the
trisoxazole moiety onto the aliphatic moieties was relied on HMBC correlations from H-9 (0
4.95,d,J=1.0 Hz) and H-11 (0 7.13, s) to C-10 (0 142.8); H-17 (6 7.17, s) and H-19 (0 6.06, dd,
J=16.1, 1.0 Hz) to C-18 (J 164.1), therefore furnishing the structure of 4 as a new trisoxazole
macrolide in the kabiramide family, named kabiramide J.

In order to determine the configurations of 4, a series of NOEDS and NOESY
experiments were attempted, however with no usable information obtained. Here, the relative
configurations were proposed according to comparable chemical shifts and coupling constants to
other known kabiramide analogs (Matsunaga et al., 1986; Petchprayoon et al., 2006; Dalisay et
al., 2009). Special attentions were paid on the geometry of 30-enone and the configuration on C-
9. A" was assigned as E due to characteristically upfield chemical shift of 31-CH, (J 11.8;
Petchprayoon et al., 2006). On the other hand, configuration at C-9, which is the only chiral
center reported in both configurations, was proposed to be a-OCH, according to the coupling

constant of H-9 (0 4.95, d, J = 1.0 Hz; Dalisay et al., 2009).

kabiramide J (4)

Table 4. 'H and "C NMR data of kabiramide J (4) (500 MHz for 'H and 125 MHz for "C,

CcD,)’
Position O o, (Jin Hz)’
1 171.6,C -
2 43.4, CH, 2.71,dd (16.1, 6.6); 2.42, dd (16.1, 1.2)

3 71.3,CH 5.31,brdd (12.1, 6.6)
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Position O 0, (Jin Hz)’
4 45.7,CH, 2.07,m; 1.11, m
5 25.6, CH 1.92, overlapped
6 43.4,CH, 1.71, m
7 73.3,CH 3.90, br dd (6.1, 5.5)°
8 38.6, CH 2.19, m
9 78.3, CH 4.95,d(1.0)
10 142.8,C -
11 135.6, CH 7.13,s
12 155.7,C -
13 131.4,C -
14 137.0, CH 7.30, s
15 156.5,C -
16 130.0, C -
17 136.7, CH 717, s
18 164.1,C -
19 114.9[114.8], CH 6.06 [6.03], dd (16.1, 1.0)
20 147.0, CH 7.53,ddd (16.1,9.4,3.4)
21 38.4, CH, 2.48, ddd (14.8, 9.4, 8.9); 1.97, overlapped
22 68.3, CH 4.44,br dd (9.0, 7.7)°
23 43.39, CH 1.60, overlapped
24 74.2, CH 5.71,td (10.3, <1.0)
25 35.1, CH, 2.00, overlapped; 1.57, overlapped
26 82.5[82.4],CH 3.30, m
27 35.2, CH 1.85, overlapped
28 27.4[27.3], CH, 2.09, overlapped; 1.62, overlapped
29 35.7,CH, 2.67, m; 2.64, m
30 201.0,C -
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Table 4. (cont.)

Position O J, (Jin Hz)’
31 136.0, C -
32 144.0, CH 6.32[6.35],dq (9.3, 1.2)
33 34.5[34.7], CH 2.93 [3.02], m
34 111.7[113.8], CH 4.49 [4.63], dd (14.0, 7.3)
35 128.6 [124.8], CH 5.86[7.38],d (14.0)
3-CONH, 1584, C 7.78,brs; 6.85, brs
5-CH, 19.3, CH, 0.73, d (6.6; 3H)
7-OH - 2.82,d(6.5)
8-CH, 10.7, CH, 0.98, d (7.8; 3H)
9-OCH, 57.5[57.51], CH, 3.04 [3.05], s, 3H
22-OH - 4.35,brd (7.7)
23-CH, 9.9, CH, 1.04, d (6.8; 3H)
26-OCH, 57.6 [57.63], CH, 3.39[3.38], s 3H
27-CH, 16.0 [15.9], CH, 0.93[0.92],d (7.1; 3H)
31-CH, 11.8 [11.7], CH, 1.88 [1.83],d (1.2; 3H)
33-CH, 20.9 [20.7], CH, 0.94[0.95],d (7.2; 3H)
35-NCH, 26.9 [31.9], CH, 2.60 [2.11], s, 3H
35-NCHO 161.7[160.5], CH 7.86 [7.57], s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated
otherwise, each proton signal was integrated as 1 proton. ‘The coupling constants were

calculated according to the D,O-exchanged spectrum.

3.1.2.2 Kabiramide K (7)

Compound 7 was obtained as a white solid (6 mg, 0.8% w/w dry sponge). The
molecular formula of 7 was purposed to be C,.H,N,O,, according to the pseudomolecular peak

[MH]" at m/z 867.5 in the FAB mass spectrum, and was confirmed by the HRFAB mass



58

wdd

(@D ZHW 005) (L) M dprueaiqes| Jo wmnnoads YN H, "9 2In31g

4
L

€
L

v
!

S
1

9
!

o

A

i

S

S

-/




59

wdd

0z

o

(a’D “ZHI §T1) (L) 3 oprwernqes| Jo wnnoads YN O, “L 303ty

09 e oot 021 orT 0971

08T

06z

022



60

spectrum, which showed an [MH]" peak at m/z 867.4713 (calcd for C,.H,N,O,, 867.4755). The
molecular formula of 7 required unsaturation degree of 16, analyzed to be six olefinic double
bonds, six carbonyl/imine bonds, and four ring systems. Absorption band in the UV spectrum at
A 246 nm (log £4.55) also suggested trisoxazole part similar to that of 4. The IR spectrum of 7
showed specific absorption bands at v 3600-3250, 1735, 1690, and 1659 cm-l, indicating
hydroxy, lactone, enone, and formamide functionalities, respectively. Similarity in the 'Hand "C
NMR spectra (500 MHz for IH, benzene-d,, Figures 6 and 7) between 7 and 4 indicated that the
two compounds shared a similar core skeleton. This included the characteristic signals in a 1:2
ratio of two rotamers, and the presence of trisoxazole macrolide part possessing the unique 30-
enone moiety. The major differences among the two compounds were the presence of an
additional methoxy group on C-22 (Jy 3.43, s), and the absence of the carbamate on C-3 (J 67.5),
which was replaced by a hydroxyl group (6 4.96, br s). This was strongly confirmed based on the
complete analyses of the 'H-'H COSY and HMBC spectra (Figure 8). The structure of 7 was
therefore proposed to be another new kabiramide derivative, named kabiramide K. Chemical

shifts of all protons and carbons are summarized in Table 5.

= 'H-1H COSY correlations
— HMBC correlations (H — C)

OH \OCH,

7
Figure 8. 'H-'H COSY and key HMBC correlations of kabiramide K (7).

Also similar to 4 was the configuration of 7. All the asymmetric carbons were
proposed to possess the relative configuration as referred to other related trisoxazole macrolides
(Matsunaga et al., 1986; Petchprayoon et al., 2006; Dalisay et al., 2009). The geometry at A’ and

orientation of H-9 were determined according to the same argument as given for 4.
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3

Table 5. 'H and "C NMR data of kabiramide K (7) (500 MHz for '"H and 125 MHz for ' C,
CcD,)’
Position O 0, (Jin Hz)’
1 172.7,C -
2 45.5, CH, 2.65,dd (14.3.3.2); 2.35, br d (14.3)
3 67.5, CH 4.73, br dd (10.6, 10.6)
4 44.0, CH, 2.30, m; 1.00, br dd (10.6, 10.6)
5 25.0,CH 2.76, m
6 45.1, CH, 1.67,ddd (13.0, 11.0, 3.2); 1.55, m
7 71.2 [71.3], CH 4.14, overlapped
8 43.1,CH 2.25, overlapped
9 80.1[80.09], CH 4.12, overlapped
10 140.2,C -
11 137.0, CH 6.90, s
12 155.8,C -
13 131.2,C° -
14 137.0, CH 7.20,s
15 156.5,C -
16 131.1, C° -
17 137.0,CH 7.16, s
18 163.1,C -




62

Table 5. (cont.)

Position O J, (Jin Hz)’
19 116.0, CH 5.95,dd (15.5,1.7)
20 142.6, CH 7.43, ddd (15.5, 10.7, 4.6)
21 34.1, CH, 2.55, overlapped; 2.15, overlapped
22 78.6, CH 3.84, m
23 40.6, CH 1.79, overlapped
24 72.7, CH 5.76,td (9.7, 1.0)
25 33.6, CH, 1.82, overlapped; 1.45, m
26 82.11 [82.10], CH 3.11[3.09], m
27 35.0,CH 1.75, overlapped
28 27.2[27.1], CH, 2.02 [1.99], overlapped; 1.51 [1.44], overlapped
29 35.7, CH, 2.63, m; 2.60, m
30 200.8, C -
31 135.9 [136.0], C -
32 143.8 [142.5], CH 6.27 [6.30], dq (9.5, 1.2)
33 34.7 [34.5], CH 2.88 [3.00], overlapped
34 111.6 [113.7], CH 4.45[4.59], dd (14.0, 7.3)
35 130.2 [124.8], CH 5.80[7.36], d (14.0)
3-OH - 4.96, br s’
5-CH, 21.5, CH, 1.08 [1.07], d (6.6; 3H)
7-OH - 5.84,brs’
8-CH, 13.6 [13.5], CH, 0.70 [0.71], d (6.8; 3H)
9-OCH, 56.8 [56.9], CH, 2.90 [2.91], s, 3H
22-OCH, 57.4 [57.3], CH, 3.43 [3.42],s, 3H
23-CH, 9.5, CH, 0.97,d (7.1; 3H)
26-OCH, 57.7 [57.8], CH, 3.29,s,3H
27-CH, 15.9 [15.8], CH, 0.77[0.75], d (7.1; 3H)

31-CH, 11.8 [11.7], CH, 1.83 [1.77],d (1.2; 3H)
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Table 5. (cont.)

Position O J, (Jin Hz)’
33-CH, 20.9 [20.7], CH, 0.91 [0.92], d (6.8; 3H)
35-NCH, 26.8 [31.8], CH, 2.56 [2.07], s, 3H

35-NCHO 161.7[160.4], CH 7.81[7.54], s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated
otherwise, each proton signal was integrated as 1 proton. ° “The chemical shifts are

interchangeable.

3.1.2.3 Kabiramide L (8)

Compound 8 was obtained as a white solid (2 mg, 0.3% w/w dry sponge). The
molecular formula of 8 was purposed to be C,;H,,N,O,, based on the [M+Na]  peak in the ESI
mass spectrum at m/z 875.5. This agreed well with the HRESI mass spectrum, in which the
[M+Na]  peak was observed at m/z 875.4429 (calc for C,;H,N,O,,Na 875.4418). The purposed
structure required 16 unsaturated units, composed of six olefinic double bonds, six carbonyl/imine
bonds, and four ring systems. The IR absorption at v 3600-3250 cm’ (br) indicated the
presence of a hydroxy group. The presence of ester, enone, and formamide moieties were
identified from the absorption bands at v, 1720, 1680, and 1659 cm_l, respectively.

Also similar to 4 and 7, the 'H and "C NMR spectra of 8 (600 MHz for ]H,
benzene-d,; Figures 9 and 10) were characteristic to trisoxazole macrolides, composing of two
rotamers in a 1:2 ratio, with three consecutive oxazole rings and an N-methyl formamide terminal.
Fourteen mass unit less than of 7 indicated that 8 is a demethyl analog of 7. In order to elucidate
the structure of 8, 'H-'H COSY and HMBC experiments were attempted. The 'H-'H COSY
spectra yielded three structural fragments (Figure 11), and indicated the similarity among 4, 7,
and 8. Close observation also suggested the substitution of a hydroxy group on C-22 (d 69.1) as

the major difference between 7 and 8. However, the limited amount of 8 prohibited an extensive

and thorough analysis of the HMBC spectrum, including the correlations necessary to connect
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the lactone linkage and to attach the oxazole moieties onto the macrolide (Figure 11). Here, a
direct comparison of the chemical shifts from “C NMR spectrum of trisoxazole macrolides
obtained in this investigation, i.e., kabiramide G (3), 4, and 7, were employed (Table 7). The
prominent resemblance between 7 and 8 was evident with the primary deviations locating solely
at C-20 — C-24. The major difference at C-22 (0 69.3) was affirmative to the proposed
substitution of the hydroxyl group. 8 was therefore proposed to be a new member of kabiramide

family, designated as kabiramide L.

kabiramide L (8)

Table 6. 'H and "C NMR data of kabiramide L (8) (600 MHz for '"H and 150 MHz for 13C,

CcD,)’
Position O J, (Jin Hz)’

1 174.2,C -

2 45.9, CH, 2.68, m; 2.36, brd (14.3)

3 68.1, CH 4.66,br dd (13.0, 11.1)

4 45.5, CH, 2.16,ddd (13.5, 13.0, 2.2);
1.08,ddd (13.5,11.1, 1.9)

5 26.4, CH 2.53, m

6 44.6, CH, 1.86, overlapped; 1.66, ddd (13.2, 6.0, 2.3)

7 72.5,CH 4.09, m

8 42.4, CH 2.27, m

9 80.0, CH 4.31[4.33],d (2.6)




Table 6. (cont.)
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Position o, 0, (Jin Hz)’
10 141.3,C -
11 135.7, CH 6.95,s
12 156.1,C -
13 131.5,C -
14 137.3, CH 7.19,s
15 157.0,C -
16 129.1,C -
17 134.8, CH 7.11,s
18 163.9,C -
19 115.8, CH 6.00, d (15.6)
20 139.3, CH 7.46, ddd (15.6, 7.5, 4.5)
21 38.9, CH, 2.46,ddd (13.7, 13.7, 7.5); 2.05, overlapped
22 69.1, CH 4.40, m
23 429, CH 1.60, overlapped
24 74.1, CH 5.55,td (9.1, 1.6)
25 34.6, CH, 1.87, overlapped; 1.57, overlapped
26 82.6, CH 321, m
27 35.5,CH 1.80 [1.73], overlapped
28 27.6, CH, 2.06, overlapped; 1.59, overlapped
29 36.1, CH, 2.63, m; 2.60, m
30 201.2,C -
31 136.5[136.4], C -
32 144.3 [144.7], CH 6.32[6.35],dq (9.4, 1.5)
33 34.9[35.1],CH 2.91 [3.02], m
34 111.9[114.1], CH 4.48 [4.62],dd (14.1,7.2)
35 128.7 [125.2], CH 5.84[7.40],d (14.1)

5-CH,

20.6, CH,

0.99 [0.98], d (6.6; 3H)
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Table 6. (cont.)

Position O 0, (Jin Hz)’
8-CH, 12.8 [12.75], CH, 0.91 [0.92], d (6.9; 3H)
9-OCH, 57.4,CH, 2.96 [2.97], s, 3H
23-CH, 9.9, CH, 0.97 [0.95], d (6.6; 3H)
26-OCH,  58.2,CH, 331,s,3H
27-CH, 16.3, CH, 0.88 [0.87],d (6.9; 3H)
31-CH, 12.2 [12.19], CH, 1.82[1.88],d (1.5;3H)
33-CH, 21.3 [21.1], CH, 0.93 [0.96], d (6.8; 3H)
35-NCH, 27.3 [32.3], CH, 2.58 [2.08], s, 3H

35-NCHO 161.5[160.6], CH 7.84[7.56],s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated

otherwise, each proton signal was integrated as 1 proton.

) LITI

— 1H-1H COSY and TOCSY correlations

— HMBC correlations

8

Figure 11. 'H-'H COSY, TOCSY, and HMBC correlations of kabiramide L (8).

Table 7. "C chemical shifts of kabiramide G (3),7(4),K(7),and L (8)

o
Position
K] 4 7 8
1 171.7 171.6 172.7 174.2
2 437 434 45.5 459

3 70.0 71.3 67.5 68.1
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o
Position
3 4 7 8
4 45.4 45.7 44.0 45.5
5 253 25.6 25.0 26.4
6 43.9 43.4 45.1 44.6
7 73.2 73.3 71.2 72.5
8 38.5 38.6 43.1 42.4
9 78.6 78.3 80.1 80.0
10 142.7 142.8 140.2 141.3
11 135.6 135.6 137.0 135.7
12 155.7 155.7 155.8 156.1
13 131.4 131.4 131.2 131.5
14 136.6 137.0 137.0 137.3
15 156.4 156.5 156.5 157.0
16 130.1 130.0 131.1 129.1
17 136.9 136.7 137.0 134.8
18 163.5 164.1 163.1 163.9
19 114.8 114.9 116.0 115.8
20 143.9 147.0 142.6 139.3
21 34.7 38.4 34.1 38.9
22 78.7 68.3 78.6 69.1
23 41.5 43.39 40.6 429
24 74.1 74.2 72.7 74.1
25 33.7 35.1 33.6 34.6
26 82.4 82.5 82.11 82.6
27 35.0 35.2 35.0 35.5
28 27.4 27.4 27.2 27.6
29 35.7 35.7 35.7 36.1
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Table 7. (cont.)

S
Position
3 4 7 8
30 200.9 201.0 200.8 201.2
31 135.9 136.0 135.9 136.5
32 144.1 144.0 143.8 144.3
33 34.5 34.5 34.7 34.9
34 111.7 111.7 111.6 111.9
35 128.6 128.6 130.2 128.7

Note: ‘Only the chemical shifts of major conformers were compared.

The identical H and "C NMR spectra between 7 and 8 also allowed the
configuration of 8 to be proposed in the same manner to that for 7. The same magnitude in the

coupling constants, suggested that 8 possessed the same configurations as that of 7.

3.1.2.4 Kabiramide B (1)

Compound 1 was obtained as a white solid (99 mg, 7.6% w/w dry sponge).
Suggested by the [M+Na]’ peak in ESI mass spectrum at m/z 950.0, the molecular formula was

purposed to be C,,H,N.O ,. The resulting unsaturation degree of 16 was identified to be five

olefins, seven carbonyl/imines, and four rings. The UV spectrum with Zmax 252 nm (log £5.19)

indicated the oxazole structure common to 4, 7, and 8. The IR absorption bands at v__ 3600-

max

3250 (br) indicated the hydroxy group and the bands for carbonyls did the carbamate (v __ 3450,

max

1690 cm '), and formamide (v__ 1659

max

3350, and 1718 cm ), lactone (v 1730 cm’), ketone (v

max max

cm’) functionalities.
The 'H and °C NMR spectra of 1 (Figures 12 and 13, Table 8) were almost
identical to 4, indicating that both possessed similar core skeleton. Thirty-two mass unit

difference between 1 and 4 was coherent with the absence of the 30-enone formerly observed in 4
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and the presence of methoxy group (9, 3.28, s; d. 61.0, 32-OCH,) proposed to substitute on C-32
(0 87.6). Based on the analyses of the 'H-'H COSY and HMBC correlations (Figure 14), 1 is
proposed to be the known kabiramide B. This was confirmed by a comparison with reported data
(Matsunaga et al., 1989), in which the comparable optical rotation ([a], +4 ¢ 0.6, CHCL,; lit.

([a],+8 ¢ 0.1, CHCL,) also indicated the same configuration as to that reported therein.

kabiramide B (1)

Table 8. 'H and "C NMR data of kabiramide C (1) (500 MHz for 'H and 125 MHz for 13C,

c.D,)’
Position O J, (Jin Hz)’
1 171.6,C -
2 43.4,CH, 2.73, m; 2.47, dd (6.0, 2.0)
3 71.3, CH 5.31, brdd (12.0, 6.5)
4 45.7, CH, 2.07, m; 1.11, m
5 25.6,CH 1.92, m
6 43.4, CH, 1.70, m, 2H
7 73.3, CH 3.89,d(5.5)
8 38.5, CH 2.18, dd (6.5, 6.0)
9 78.3, CH 494, brs
10 142.8, C -
11 135.6, CH 7.12,s
12 155.7,C -

13 131.4,C -




Table 8. (cont.)

Position O J, (Jin Hz)’
14 137.0, CH 7.26, s
15 156.5, C -
16 129.9, C -
17 136.7, CH 7.14, s
18 164.1, C -
19 114.9, CH 6.02,d (16.5)
20 147.0, CH 7.55,ddd (15.5, 10.0, 5.5)
21 38.4,CH, 2.45,ddd (6.5, 6.0,2.5); 1.94, m
22 68.3, CH 4.50, br d (9.0)
23 43.3,CH 1.50, m
24 74.3, CH 5.74, ddd (10.0, 10.0, 4.5)
25 35.3,CH, 2.00, ddd (9.5, 2.5, 2.5);

1.57, ddd (8.6, 6. 7, 2.3)

26 82.4, CH 3.30, dd (6.0, 3.0)

27 35.3,CH 1.80, m

28 25.7, CH, 2.11, m; 1.53, m

29 42.3, CH, 2.50, m; 2.42, m

30 212.9,C -

31 49.1[49.2],C 2.67,dd (9.0, 7.0)

32 87.6, CH 3.31,dd (9.0, 3.0)

33 37.7[38.0], CH 2.04[2.13], m

34 110.2 [112.4], CH 4.837[5.00], dd (14.1,9.5)
35 129.1 [125.3], CH 5.82[7.36],d (14.1)

3-OCONH,  1585,C -
5-CH, 19.3, CH, 0.71, d (6.0, 3H)
8-CH, 10.7, CH, 0.97,d (7.1; 3H)
9-OCH, 57.4, CH, 3.02,s,3H




75

Table 8. (cont.)

Position O J, (Jin Hz)’
23-CH, 9.9, CH, 1.05,d (7.1; 3H)
26-OCH, 57.8, CH, 3.42,s,3H
27-CH, 15.8 [15.7], CH, 0.91,d (6.5; 3H)
31-CH, 13.7, CH, 0.78 [0.75], d (7.0; 3H)
32-OCH, 61.0, CH, 3.28 [3.29], s, 3H
33-CH, 19.7 [19.8], CH, 1.01[1.02],d (6.8; 3H)
35-NCH, 26.9 [32.0], CH, 2.64 [2.16], s, 3H
35-NCHO 161.6[160.5], CH 7.92[7.58],s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated

otherwise, each proton signal was integrated as 1 proton.

= 1H-1H COSY correlations
— HMBC correlations (H — C)

1
Figure 14. 'H-'H COSY and key HMBC correlations of kabiramide B (1).

3.1.2.5 Kabiramide C (2)

Compound 2 was isolated as white solid (295 mg, 22.6% w/w dry sponge).
Molecular formula of compound 2 was established as C H, N.O,, on the basis of [M+Na]" peak
at m/z 963.9 in the ESI mass spectrum. The unsaturation degree of 16 was deduced to be five

olefins, seven carbonyls/imines, and four rings similar to 1. Also similar to 1 were the presences
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of the carbamate (v__ 3450, 3350, 1720 cm'), hydroxy (3600-3250 cm ), lactone (1725 cm’),

ketone (1698 cm), and formamide (1650 cm ) functional groups as indicated by IR absorption
bands. The presence of trisoxazole moiety was supported by UV absorption at A 252 nm (log &
5.02).

The 'H and 13C NMR spectra of 2 (Figures 15 and 16) were almost identical to
that of 1 except for an additional methoxy group as indicated by the signal at oy 3.50 (s). This
methoxy group was proposed to replace 22-OH in 1, according to HMBC correlations from 22-
OCH, to C-22 (6 78.7). The remaining parts in the chemical structure of 2 were furnished
according to the 'H-'H COSY and HMBC spectral analyses (Figure 17), and to the comparison
with published report. 2 was therefore proposed to be a known kabiramide analog, kabiramide C
(Matsunaga et al., 1986, 1989). The configuration of 2 as shown was confirmed by the
comparable specific rotation to that reported by Matsunaga et al. (1986) ([a], +10 ¢ 0.6, CHCL,;

lit. [at], +20 ¢ 0.1, CHCL,).

— IH-H COSY correlations

— HMBC correlations

Figure 17. '"H-'H COSY and key HMBC correlations of kabiramide C (2).



Table 9. 'Hand "C NMR data of kabiramide C (2) (500 MHz for 'H and 125 MHz for "C,
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cD)’
Position O o, (Jin Hz)’
1 171.7,C -
2 43.8, CH, 2.63, overlapped; 2.39, br d (14.5)
3 70.0, CH 5.45, br dd (10.0, 10.0)
4 45.4, CH, 1.99, overlapped; 1.06, dd (11.7, 10.0)
5 25.3,CH 2.11, overlapped
6 43.7, CH, 1.72, overlapped; 1.70, overlapped
7 73.2, CH 3.93,dt(7.5,3.5)
8 38.5,CH 2.32, overlapped
9 78.6, CH 4.90, brs
10 142.8, C -
11 135.6, CH 7.12,s
12 156.4,C -
13 130.1,C -
14 136.9, CH 7.25,s
15 157.9,C -
16 129.0,C -
17 136.5, CH 7.15,s
18 163.5,C -
19 114.8, CH 5.96,d (16.0)
20 144.2, CH 8.01,ddd (16.0,9.1, 5.1)
21 34.7,CH, 2.71,dddd (15.9, 5.1, 4.9, 2.4);
2.23,ddd (15.9,9.6,9.1)
22 78.7, CH 4.18,ddd (9.6,4.9.2.9)
23 41.5,CH 2.10, overlapped
24 74.1, CH 5.85, m
25 33.9,CH, 1.91, ddd (12.5, 9.3. <1.0); 1.56, br d (12.5)




80

Table 9. (cont.)

Position O o, (Jin Hz)’
26 82.3, CH 3.20, ddd (9.0, 6.0, 2.5)
27 35.2,CH 1.77, m
28 25.7, CH, 2.00, overlapped; 1.50, m
29 42.8,CH, 2.50, ddd (19.3, 9.3, 2.9);

2.45,ddd (19.3,9.3,2.9)

30 212.6,C -

31 49.1,C 2.62 [2.65], overlapped

32 87.6 [87.5], CH 3.24,dd (9.1, 2.4)

33 37.7 [38.0], CH 2.02 [2.12], overlapped

34 110.2 [112.4], CH 4.87 [5.00], dd (14.5, 10.0)
35 129.0 [125.2], CH 5.80[7.34],d (14.5)

3-OCONH, 157.9, C -

5-CH, 19.1, CH, 0.77, d (6.3; 3H)
8-CH, 10.8, CH, 1.00, d (6.8; 3H)
9-OCH, 57.6, CH, 3.07 [3.08], s, 3H
22-OCH, 57.3, CH, 3.50,
23-CH, 8.9, CH, 0.99, d (6.2; 3H)
26-OCH, 57.8 [57.9], CH, 3.39[3.38], s, 3H
27-CH, 15.8 [15.7], CH, 0.86 [0.87], d (6.8; 3H)
31-CH, 13.6, CH, 0.78 [0.73], d (6.8; 3H)
32-OCH, 61.1 [61.2], CH, 3.26,s,3H
33-CH, 19.7 [19.8], CH, 1.01 [0.99], d (7.6; 3H)
35-NCH, 26.9 [32.0], CH, 2.64[2.17], s, 3H
35-NCHO 161.6 [160.5], CH 7.91[7.59], s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated

otherwise, each proton signal was integrated as 1 proton.
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3.1.2.6 Kabiramide G (3)

Compound 3 was obtained as a white solid (136 mg, 10.4% w/w dry sponge).
The ESIMS spectrum of 3 exhibited an [M+Na]+ peak at m/z 931.9 indicating a molecular
formula of C,;H_N.O,,. An unsaturation degree of 17 were deduced to be six olefinic double
bonds, seven carbonyls/imines, and four rings. Absorption band in the UV spectrum at 4_, 236
nm (log £5.31) also suggested trisoxazole part. The presences of lactone, enone, and formamide

functionalities were respectively indicated by the characteristic IR absorption bands at v_ 1725,

1690, and 1659 cm .

The 'H and °C NMR spectra (Figures 18 and 19, Table 10) of 3 were comparable to
those of other trisoxazole macrolides reported here, indicating a similar core skeleton. The NMR
spectra of 3 were in fact the most resembled to those of 4 as a trisoxazole macrolide with a
carbamate on C-2 (0 43.7) and an enone on C-31 (0 135.9). The major difference between 4 and
3 was the additional methoxy (d,, 3.49, s; J. 57.3) group substituted on C-22 (0 78.7) of 3. The
analysis of '"H-'H COSY and HMBC spectra (Figure 20) led to the proposed structure of 3 as
kabiramide G, originally reported by Petchprayoon et al (2006). The configurations as shown

were deduced in the same manner to those for 1, 2, 4, 7, and 8; i.e., [a], of 3 was +27 (c 0.3,

CHCl,), lit +38 (¢ 0.4, CHCL,) (Petchprayoon et al., 2006).

kabiramide G (3)
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— 'H-'H COSY correlations
— HMBC correlations (H —C)

3
Figure 20. 'H-'H COSY and key HMBC correlations of kabiramide G (3).

Table 10. 'Hand "C NMR data of kabiramide G (3) (500 MHz for 'H and 125 MHz for ' 'C,
cD,)"
Position [ d, (Jin Hz)’
1 1717, C -
2 43.7,CH, 2.62, br d (14.0); 2.37, br d (14.0)
3 70.0, CH 5.45, br dd (9.6, 9.6)
4 45.4,CH, 2.00, br d (12.8); 1.06, ddd (12.8, 9.6, 1.8)
5 25.3,CH 2.03, dd (7.0, 1.5)
6 43.9, CH, 1.71, br dd (8.7, 4.6); 1.68, ddd (8.7, 5.9, 4.6)
7 73.2, CH 3.92, ddd (12.4, 4.6, 4.6)
8 38.5, CH 2.30, dqd (12.4, 6.2, 1.3)
9 78.6, CH 4.89 [4.90], d (1.3)
10 142.7,C -
11 135.6, CH 7.12, s
12 155.7,C -
13 131.4,C -
14 136.6, CH 7.25, s
15 156.4, C -
16 130.1, C -




Table 10. (cont.)
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Position o, J, (Jin Hz)’
17 136.9, CH 7.15,s
18 163.5,C -
19 114.8, CH 5.98, brd (16.0)
20 143.9, CH 8.00, dddd (16.0,9.2, 5.5,2.3)
21 34.7, CH, 2.70, ddd (15.3, 5.5, 1.8); 2.22, ddd (15.3, 10.1, 9.2)
22 78.7, CH 4.16, ddd (10.1, 4.6, 2.8)
23 41.5,CH 2.02,brd (7.3, 3.0)
24 74.1, CH 5.82,ddd (9.4, 4.8, 1.8)
25 33.7,CH, 1.89, ddd (15.3,9.4, 1.8); 1.58, br dd (15.3, 4.8)
26 82.4, CH 3.19,m
27 35.0, CH 2.60, brd (8.7)
28 27.4,CH, 1.82, m; 1.54, m
29 35.7, CH, 2.65,dd (8.0, 7.3); 2.59, dd (8.7, 8.0)
30 200.9, C -
31 1359, C -
32 144.1 [144.2], CH 6.30[6.32], dq (8.1, 1.4)
33 34.5[34.6], CH 2.90 [3.01], ddq (8.1, 7.2, 6.6)
34 111.7[113.9], CH 4.46[4.60],dd (14.4,7.2)
35 128.6 [124.7], CH  5.83[7.38],d (14.4)
3-OCONH, 157.9,C -
5-CH, 19.1, CH, 0.76 [0.77], d (6.7; 3H)
8-CH, 10.9, CH, 0.99, d (6.2; 3H)
9-OCH, 57.6, CH, 3.06 [3.07], s; 3H
22-0CH,  573,CH, 3.49, s
23-CH, 9.0, CH, 0.98, d (7.3; 3H)
26-0CH,  57.7,CH, 3.34,s, 3H
27-CH, 16.0, CH, 0.87[0.86], d (7.0; 3H)
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Table 10. (cont.)

Position o, 0, (Jin Hz)’
31-CH, 11.8 [11.7], CH, 1.85[1.79],d (1.4, 3H)
33-CH, 20.9 [20.6], CH, 0.91 [0.95], d (6.6, 3H)
35-NCH, 26.9 [33.7], CH, 2.57 [2.08], s, 3H

35-NCHO 161.7 [160.5], CH 7.83[7.56],s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated

otherwise, each proton signal was integrated as 1 proton.
3.1.2.7 Kabiramide I (5)

Compound 5 was obtained as a white solid (2 mg, 0.4% w/w dry sponge). The
pseudomolecular masses [M+Na]+ and [M+K]+ in EST mass spectrum at m/z 968.6 and 984.6

respectively indicated a molecular formula of C,;H, N,O,.. An unsaturation degree of 15 were

deduced to be four olefinic double bonds, eight carbonyls/imines, and three rings. The UV
absorption band at 248 nm (log £1.67) indicated oxazole moiety. The cluster carbonyl functional

1730 cm’"), carbamate (v 3450, 3350, and 1720 cm ),

max

groups were clarified as lactone (v

max

imide (v, 1710, 1680 cm’), and formamide (v, 1670 cm’') moieties according to the IR

spectrum.

Due to the limited amount of 5, only "Hand "C NMR spectra of 5 were obtained
(500 MHz for 'H, CDCl,; 150 MHz for "C, C,D,; Figures 21 and 22). Extended 2D NMR
experiments were attempted; however no analyzable correlations were detected. The
identification of 5 was carried out here based on the 'H NMR spectral analysis. Among '"H NMR
spectra of all macrolides reported earlier, the spectrum of 5 was closely related that of 2 except
for one missing signal of oxazole. An additional imide moiety was proposed to connected C-9
and C-13. Directly comparison to imide-containing trisoxazole macrolide, 'H chemical shifts and
coupling constants of 5 agree well with the reported kabiramide I (Table 11; Petchprayoon et al.,

2006). Therefore, structure of 5 was proposed as kabiramide I with similar relative configuration

according to 'H-'H coupling constants.
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kabiramide | (5)

Table 11. 'H and "C NMR data of kabiramide I (5) (500 MHz for 'H, CDCI, and 150 MHz for

“c,c.by)
Position [l J, (Jin Hz)’

1 170.0, C -

2 41.1, CH, 2.58, overlapped;
2.65, overlapped

3 69.3, CH 5.18, overlapped

4 41.3,CH, 1.35, overlapped;
1.80, overlapped

5 26.6, CH 1.78, overlapped

6 41.5, CH, 1.55, overlapped;
1.65, overlapped

7 79.7, CH 3.98,td (9.0, 2.5)

8 43.1,CH 2.07, m

9 82.2,CH 3.62,d(11.0)

10 174.2,C -

11 - -

12 162.1C -

13 136.6, C -

14 141.5, CH 8.24, s

15 156.3,C -




Table 11. (cont.)

Position O J, (Jin Hz)’
16 131.1,C -
17 138.6, CH 8.12, s
18 162.3,C -
19 118.0 CH 6.42 ,d(16.3)
20 138.7, CH 6.89, dt (16.3, 7.5)
21 34.4, CH, 2.51, overlapped;

2.61, overlapped

22 80.7, CH 3.23,brd (5.5)

23 40.7, CH 1.85, overlapped
24 73.7, CH 5.16, overlapped
25 32.8, CH, 1.35, overlapped;

1.57, overlapped

26 82.0, CH 2.95,m
27 35.3,CH 1.71, overlapped
28 25.8, CH, 1.25, overlapped;

1.78, overlapped

29 423, CH, 2.54, m, 2H

30 212.9,C -

31 49.2 [49.4], C 2.66, overlapped

32 87.5[87.6], CH 3.30, overlapped

33 37.8[37.9], CH 2.35[2.36], m

34 110.0 [112.3], CH 5.08 [5.10], dd (13.7,9.5)
35 129.1 [125.2], CH 7.10[6.43], d (13.7)

3-OCONH,  159.0,C -
5-CH, 20.5, CH, 1.00, d (6.5; 3H)
8-CH, 13.9, CH, 1.17, d (5.5; 3H)
9-OCH, 58.4, CH, 3.63,s,3H
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Table 11. (cont.)

Position O J, (Jin Hz)’
22-OCH, 57.4,CH, 3.33,s,3H
23-CH, 9.6, CH, 0.92,d(7.0; 3H)
26-OCH, 58.3, CH, 3.31,s,3H
27-CH, 15.5, CH, 0.82, d (7.0; 3H)
31-CH, 13.7, CH, 0.90, d (4.0; 3H)
32-OCH, 61.1[61.2], CH, 3.32,s,3H
33-CH, 19.7 [19.8] 1.14,d (7.0; 3H)
35-NCH, 26.9 [31.9], CH, 3.02 [3.06], s,3H
35-NCHO 161.0 [160.6], CH 8.05[8.26], s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated

otherwise, each proton signal was integrated as 1 proton.

3.1.2.8 Kabiramide D (6)

Compound 6 was obtained as a white solid (3 mg, 0.6% w/w dry sponge). A
molecular formula of C,,H,/N,O,, was proposed on the basis of the ESI mass spectrum m/z 921.5
([M+Na]+). The molecular formula yielded an unsaturation degree of 15, accounted for five
olefinic double bonds, six carbonyls/imines, and four rings. The carbonyl carbons were deduced
to be lactone, ketone, and formamide moieties according to IR absorption bands at v 1735,
1690, and 1659 cm ', respectively.

The identical 'H and "C NMR spectra of 6 (Figures 23 and 24, Table 12) to
those of 1-5, 7, and 8 are again prominent. Specifically, 6 was the most closely related to 7, as
trisoxazole macrolide derivatives with an hydroxy group on C-3 (0 67.5) and methoxy (0 3.44, s)
on C-22 (0 78.9). The major differences between 6 and 7 were the lack of the enone moiety and
the presence of a methoxy (9, 3.23, s; d. 61.1) on C-32 (6 87.5). The thorough analysis of the
'"H-'H COSY and HMBC spectra (Figure 25) indicated that 6 was another member of kabiramide,

kabiramide D. The compound was previously reported by Matsunaga et al (1989).
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The configuration of 6 was proposed to be as shown due to the comparable specific rotation ([a],

-11 ¢ 0.2, CHCl,; lit. [ot], -5 ¢ 0.1, CHCL,).

kabiramide D (6)

— 1H-1H COSY correlations
— HMBC correlations (H —C)

6 OH @m

Figure 25. 'H-'H COSY and key HMBC correlations of kabiramide D (6).

Table 12. 'H and "C NMR data of kabiramide D (6) (500 MHz for 'H and 125 MHz for 13C,

Cc.D,)’
Position O 0, (Jin Hz)’
1 172.6,C -
2 42.4, CH, 2.40, br d (14.0); 2.28, m
3 67.5, CH 4.73,brdd (11.0, 11.0)
4 44.8, CH, 2.66, ddd (14.0, 11.0, 3.0); 2.33, m
5 25.2,CH 2.75, overlapped

6 44.1, CH, 1.68, overlapped; 1.56, overlapped




Table 12. (cont.)
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Position O J, (Jin Hz)’
7 71.2,CH 4.14,brs
8 43.2,CH 2.30, m
9 80.1, CH 4.15,brs
10 140.3, C -
11 137.0, CH 7.10, s
12 155.7,C -
13 131.0,C -
14 137.0, CH 7.19, s
15 156.7, C -
16 1304, C -
17 137.1,CH 7.15,s
18 163.1,C -
19 116.2, CH 5.97,d (16.0)
20 142.2, CH 7.44, ddd (16.0, 10.0, 5.0)
21 34.1, CH, 2.56,br d (10.3); 2.10, br d (10.3)
22 78.9, CH 3.83,brd (7.0)
23 39.1,CH 1.80,d (1.5)
24 72.6, CH 5.78, m
25 33.7, CH, 1.82, overlapped; 1.43, overlapped
26 82.1,CH 3.10, m
27 35.0, CH 1.69, overlapped
28 25.5,CH, 2.00, overlapped; 1.50, overlapped
29 43.1, CH, 2.37, br d (14.0); 2.30, br d (14.0)
30 212.5,C -
31 49.1,C 2.58,qd (7.2, 2.0)
32 87.5[87.6], CH 321, m
33 37.7[38.0], CH 1.98, m




Table 12. (cont.)

96

Position O J, (Jin Hz)’
34 110.1 [125.2], CH 4.84 [4.97], dd (14.5,9.5)
35 128.9[129.0], CH 5.77[7.33],d (14.5)
5-CH, 21.5, CH, 1.06, d (6.5; 3H)
8-CH, 13.4, CH, 0.70, d (7.0; 3H)
9-OCH, 56.9, CH, 291, s, 3H
22-0CH,  57.4,CH, 3.44,s
23-CH, 9.5, CH, 0.97, d (7.0; 3H)
26-0CH,  58.0,CH, 3.34,s, 3H
27-CH, 15.7, CH, 0.75, d (6.5: 3H)
31-CH, 15.6, CH, 0.73,d (7.2; 3H)
32-OCH, 61.1 [61.2], CH, 3.23[3.22],s, 3H
33-CH, 19.7, CH, 0.96, d (7.0; 3H)
35-NCH, 26.9 [31.9], CH, 2.62 [2.15], s, 3H
35-NCHO 161.5[160.4], CH 7.88 [7.56], s

Note: ‘Chemical shifts of the minor conformers are presented in brackets. "Unless stated

otherwise, each proton signal was integrated as 1 proton.

3.2 Biological activities

All the isolated compounds were assessed for the antimalarial activity against
P. falciparum K1 and cytotoxicity against MCF-7 and human fibroblast cell (Table 13). All
trisoxazole macrolides showed antimalarial activity in micromolar range except for 3, which was
virtually inactive at 10 pg/mL. This is the first report on the antimalarial activity of trisoxazole
macrolides, albeit the activity is far less than that of standard dihydroartemisinin. The
cytotoxicity of all trisoxazole macrolides was potent; most exhibited a micromolar range stronger

than standard camptothecin against MCF-7. This is in fact not surprising as all trisoxazole
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macrolides were proposed to possess actin binding activity, which may disrupt the crucial cellular

functions that involve actin of most living cells (Klenchin et al., 2003).

Table 13. The antimalarial and cytotoxic activities of the isolated compounds

Antimalarial activity Cytotoxic activity (IC,,;; nM)
Compound
(IC4y; nM) MCF-7 Human fibroblast
kabiramide B (1) 1.67 0.45 0.95
kabiramide C (2) 4.79 0.47 7.59
kabiramide G (3) inactive’ 0.02 2.37
kabiramide J (4) 0.31 0.02 2.84
kabiramide I (5) 4.48 2.00 ND’
kabiramide D (6) 1.87 0.02 0.50
kabiramide K (7) 0.39 0.07 ND’
kabiramide L (8) 2.64 0.03 ND’

dihydroartimistinine 1.1 X 10°-4.4 X 10° - -

camptothecin - 1.60 X 10°-3.30 X 10 459.30 X 10°

Note: “ The compound showed no calculable inhibition against targeted microbe at the highest

concentration of 10 pg/mL. * The activity was not determined.

3.3 Allocation of kabiramides in the sponge P. nux

As mentioned earlier, the sponge P. nux possesses two different growth forms, a
protruding capitum on a substratum-attached base. The preliminary screening of both growth
forms showed the stronger biological activities in the extract from capitum part. Such contrasting
potency was presumed to reflect different chemicals profiles, either in production or
accumulation of bioactive secondary metabolites between the two growth forms. In order to
prove the hypothesis, the HPLC-UV-based quantification of chemical constituents in each part

was developed using kabiramides C and G as chemical markers.
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3.3.1 Quantification of kabiramides

Kabiramide contents in the sponge extracts were determined with an HPLC-UV
based analytical protocol. The targeted analytes were kabiramides C and G, selected specifically
according to the clarity in the HPLC chromatogram and the availability of the compounds as
standard chemical markers. The chromatographic conditions were a C18 reverse phase with
acidic mobile phase and elevated temperature (1% aqueous AcOH:MeCN 37:63, 45°C, A 254
nm). The raised temperature improved efficiency by means of reduced theoretical plates and
increased diffusion coefficient of the analytes, therefore sharpening the shape of each analytes
(Figure 26). The increased diffusion coefficients also increase mass transfer between mobile and
stationary phases, therefore reducing retention time of analytes. In addition, at higher
temperatures, the rotation about nitrogen-carbon bond of formamide moiety, as mention in 1.3
and 3.1.2.1, is faster, thus narrowing the peaks of analytes (Moriyasu et al., 1983). The devised
conditions yielded an acceptable resolution that allowed an immediate determination of

kabiramide C (Figure 26).

] 2
0.051
0.04 1 . 3
£ 003] 45°C
S ]
0.021 40 °C
0.011 35°C
0.004 28 °C
o 1 =2 3 4 5 6 17 8 9 10 1 12

Minutes
Figure 26. Effect of raised temperatures on the HPLC chromatograms of the sponge P. nux

extracts; 1, 2, and 3 denoted the peaks of kabiramides B, C, and G, respectively.
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The overlapping peak of kabiramide G with unknown impurities, however, was
not able to be resolved immediately based on this condition. The first derivative chromatogram
was therefore applied. Determination of kabiramide G content was based on the height of
positive peak (¢, 8.60 min; Figure 27). This allowed a simultaneous determination of both

standard markers without prechromatographic treatment.

0.015

0.010+

0.005-

030@—-%-#
b

0.005

Volts

0.010-

0.015+
0 1 2 3 4 5 6 7 8 9 10 11 12
minutes

Figure 27. HPLC chromatogram of kabiramide G; (a) reference and (b) first derivative

chromatograms.

The determination of both chemical markers was validated according to ICH
guideline (2005). LODs of kabiramides C and G (S/N = 3) were 0.02 and 0.01 pg/mL,
respectively, whereas LOQs (S/N = 10) were 0.06 and 0.04 ug/mL. Linearity, constructed based
on the resulting LOQ of each compound, was met in a range of 0.06-100 pg/mL (r2 =0.9998; n=
7) for kabiramide C and 0.04-100 pug/mL (" = 0.9993; n = 7) for kabiramide G. Intra-day
precisions (n = 3) for the retention time and peak areas of kabiramide C were achieved with RSD
in a range of 0.04-0.05 and 2.17-3.10, and those for the inter-day (n = 3) ones were in a range of
4.22-4.26 and 2.63-5.00, respectively. As for kabiramide G, the RSD of intra-day precision (n =
3) for retention time and first-derivative peak height were 0.03-0.20 and 1.82-2.70, and those of
inter-day (n = 3) were 1.90-2.63 and 2.67-4.95, respectively. The accuracy, determined as

recovery percentages of the spiked standards, was in a range of 97.7-105.3% (Table 14).
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Table 14. Recovery percentage of kabiramides C and G

% Recovery+SD

Spiked standard (ng/mL)

kabiramide C kabiramide G

Intra-day (n=3)

10 101.5%0.1 98.88+1.6

20 104.9+0.4 96.92+1.9

30 105.3+0.1 100.54£2.0
Inter-day (n=9)

10 100.2+1.4 97.8+0.9

20 104.3+1.5 97.742.5

30 104.6+1.2 100.3£2.0

3.3.2 Determination of kabiramide contents in the capitum and base parts of the

sponge P. nux

The assessment of intra-colonial allocation of kabiramide analogs in two growth
forms of the sponge P. nux was based on the determination of the contents of kabiramides C and
G using devised chromatographic conditions described in 2.3.4. Nineteen specimens were
collected in a selective manners, i.e., only colonies with protruding capita were collected with
appropriated masses of attached bases. Freeze-dried capita and bases after removal of fouling
organisms was weighed 50-640 mg and 380-2,820 mg, respectively. Extract yields of capitum
and base of each colony were 3.04%0.56 and 1.4210.33% w/w, respectively.

Subjecting each extract to the devised analytical protocol showed that, in most
specimens, the contents of either standard kabiramide markers, or both, were higher in the
capitum part (for examples, colonies 4, 8, and 13, Figure 28a , b, and d), nevertheless with some
exception, e.g., colony 12 (Figure 28c), in which the base contained higher level of kabiramide
analogs. The contents of kabiramides C were determined to range 0—8.85 mg/g and 0-0.44 mg/g
for capitum and base parts, and that of kabiramide G at 0.05-1.72 mg/g and 0—0.24 mg/g in each

part, respectively (Figure 29). Throughout the collected population, the sponge tends to allocate
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either or both kabiramide analogs in higher proportion toward the capitum part (p = 0.001 for
kabiramide C alone, and for both kabiramides C and G combined; 0.01 for kabiramide G).
However, within either part, the contents of kabiramides C and G were not statistically different
(p = 0.122 for capitum and p = 0.260 for base). Pearson’s correlation matrix (Table 15) also
showed that two compounds had weak correlations between the content of each marker in each
part, indicating that the allocation of each compounds in each part had neither inductive nor
suppressive influences onto each other. In another word, the sponge allocates the toxic
kabiramides in an independent manner. The chemical variation among different parts in one
colony has been known to be influenced by environmental factors, e.g., symbiotic organisms,
salinity, depth, and light (Hay, 1996). As for the sponge P. nux, personal observation suggests the

possible antifouling effect as the bases are found densely covered by other fouling setters.
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Figure 28. Selected HPLC chromatograms of capitum (blue) and base (green) extracts obtained
from colonies 4 (a), 8 (b), 12 (c), and 13 (d). Peaks denoted with 1, 2, and 3

correspond to kabiramides B, C, and G, respectively.
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Figure 29. Contents of kabiramides C (a) and G (b) in collected specimens of the sponge P. nux.

Notice the axis breaks in 28a at 2.0-3.0 and at 4.0-8.5 mg/g.
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Table 15. Pearson’s correlations (rz) of kabiramides C (KC) and G (KG) contents in capitum and

base parts

KC (capitum) KG (capitum) KC (base) KG (base)

KC (capitum) 1.000

KG (capitum) 0.7472 1.000
KC (base) 0.7695 0.6513 1.000
KG (base) 0.4582 0.4481 0.5481 1.000

The organ-specific allocations of toxic kabiramides raised a question whether
there were any correlations between chemical accumulation and physical structures.
Determinations of three structural materials, including structural components, ash contents, and
soluble protein contents were carried out. Structural components and ash contents were found in
a higher proportion in the base parts (p = 0.002, ¢ = -5.098; and p = 0.007, ¢ = -3.99, respectively),
whereas soluble protein contents in the capitum parts were otherwise higher (p = 0.014, = 4.147)
(Figure 30). On the other hand, fiber contents, calculated as a subtraction of ash contents from
structural components, showed no statistical difference between the two parts (p = 0.125, ¢t =

1.830). As structural component and ash contents are direct indicators for physical strength in

100
B [ capitum R
z 80 %ﬁ
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8 8
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g 40 3
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structural components ash contents soluble proteins

Figure 30. Structural components, ash content, and soluble protein contents in the capita and

bases of the sponge P. nux.
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sponge, the results clearly showed that there was a trade-off between chemical composition and
structural materials in two growth forms of the sponge P. nux.

Whereas the contents of kabiramide analogs were evidentially accumulated in a
higher portion in the capitum part, Figure 29 showed on the other hand high degree of content
variation of kabiramide contents among each colony, ranging from non-detectable to as high as 9
mg/g sponge dry weight. Although it is not clearly accountable what may contribute to such
variation, the consistent amount of extracts from each part suggested that such variation was
resulted from genuinely intrinsic factors within each sponge colony, and not from experimental

defects.



CHAPTER 4

CONCLUSION

The chemical investigation of the sponge Pachastrissa nux (de Laubenfels,
1954) using bioassay-guided fractionation led to the isolation of eight trisoxazole macrolides, all
of which are in kabiramide series. Three new trisoxazole macrolides, kabiramides J, K, and L (4,
7, and 8, respectively), were reported here for, along with five known kabiramide analogs,
kabiramides B (1), C (2), D (6), G (3), and I (5). The three new kabiramides belong to a new
class of trisoxazole macrolide possessing 30-0,B-enone moiety, which found solely associated
with the sponge P. nux. All the isolated compounds showed potent cytotoxic activity to both
normal and MCF-7 breast cancer cell lines (IC,;s 0.50-7.59 uM and 0.02-2.00 pM, respectively),
and antimalarial activity in a good range (IC,s 0.31-4.79 uM). The toxicity of trisoxazole
macrolides to all eukaryotic cells clearly forbids the further development of the macrolides
towards plausible clinical uses. However, as a class of irreversible G-actin binding agents with a
specific binding site, this opens up an opportunity to consider trisoxazole macrolides as a research
tool in biomedical sciences probing the molecular events that involve actin dynamics. In fact, as
reported by Petchprayoon et al. (2005), derivatization of kabiramide C a toward fluorescent probe
demonstrated the possibility of the compounds for the biomedical applications.

The sponge P. nux possesses an ability to allocate the toxic kabiramides analogs
specifically towards the capitum part, the growth form that protrudes over the foundation of
irregular-shaped base. Such specific allocations of the macrolides towards the capitum suggested
the utilization of toxic components as a possible chemical defense against predator or as an
antifouling agent against fouling species over vulnerable part of each colony. As discussed
earlier, the variation in chemical allocation within a single sponge species could be affected by
environmental factors, both biological and physical once. Field observation suspected the class
interconnection between fouling species and the accumulated toxins in the P. nux sponge. An

extensive determination on ecological impact is now underway.
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HMQC spectrum of 8 (600 MHz, C,D,)
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F2 (ppm)

HMQC spectrum of 1 (500 MHz, C,D,)
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