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Abstract

The presented study looked in a preliminary and speculative way for a correlation between production by a single
soft coral species, Nephthea sp., of two secondary metabolites and local environmental stresses, pollution, around
the Seribu Islands, Indonesia. The study region was selected because of the significant land-based run-off from
the heavily populated Indonesian capital, Jakarta. A Nephthea sp., was chosen based on the well known bioactive
cembranoid diterpene content of animals of the genus that is often involved in protecting them from predation. For
the study, levels of the recently reported 3,4-epoxy-nephthenol acetate (1) and the previously known 15-hydroxy-
cembrane (2) were monitored. Results showed levels of 1 and 2 to decrease as pollutants increased. A contour map
of levels of 1 and 2 showed a likely different pattern of their occurrence, with 2 being found more in polluted, higher
stress, areas and 1 likely only to occur in areas with low environmental stresses. It is postulated that low levels of
anthropogenic stress, pollution, in the reef environment result in no inhibition of biodiversity and number of fishes that
prey on Nephthea sp., likely causing enhanced secondary metabolite production in these species in order to protect
them from predation. This may mean levels and/or presence or absence of 1 might be indicators of pollution entering
a coral reef area, with the resultant threat to a reef’s potential biopotency. Results also show where anthropogenic
pollution increases in a reef system the overall level of biodiversity drops, as a consequence so does chemical

diversity and with it the chance of discovering new and biological active secondary metabolites.
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Introduction

In biotechnology and natural products research terms, coral reef
communities are seen as one of the best sources of potentially new
chemical entities that may have useful biological properties. Increasing
anthropogenic pressures, pollution, and global warming are causing
considerable damage to coral reef structures through direct and indirect
means which leads to the conclusion that coral reef biodiversity is
generally under threat [1]. Theloss, reduction or unexpected appearance
of any species to a natural system can change the overall dynamic of
that system dramatically, in turn causing more and more change in that
system and typically not in a positive way [2,3]. In other words, when
populations are depleted genetic variation is reduced which in turn
reduces an organisms’ ability to adapt to new environmental changes
and stresses [4]. And, due to the interdependencies among species, the
demise of one can lead to the decrease or demise of others. Eventually
this leads to either significant reduction or loss of biodiversity. Another
way to look at this kind of change, particularly significant loss of
species, is in terms of the likelihood that natural chemical diversity,
or better said, natural products diversity, and everything this implies,
that currently exists in reef communities is also threatened. The most
obvious examples of this type of change would be through the loss of
habitat, appearance of an invasive species [5] or rapid population growth
of a predatory species [3] that may stop or enhance the establishment
of certain sessile organisms like algae, soft corals and sponges, while
allowing others to grow and thrive, while others die. These balanced
predator prey relationships are key to the overall health and diversity
of almost all living systems and dramatic external changes in these can
be catastrophic [5]. Some species require challenges to stimulate the
production of certain chemical defense substances [6,7], and if these
challenges are not present the substances are simply not produced, this
is known as an inducible or plastic response compared to a constant

response where substances are produced continuously [8,9]. If the
induced substances are not produced chemical diversity decreases and
at some point the production of certain substance may stop altogether
in some species. These negative responses may also occur as a result
of the change of local conditions [10,11]. Thus, loss of predatory fish
through overfishing or loss of other competitive organism in some other
way, for example, by an environment becoming polluted with excessive
amount of nutrients [12] will result in not just the reduction and or loss
ofbiodiversity butalso in the reduction and or loss of chemical diversity.
Based on this premise, that local environmental stress, pollution, may
affect chemical diversity, the research undertaken and reported in this
current paper documents in a general and speculative way a possible
relationship between natural product diversity in coral reef organisms
and local environmental stresses placed on a given environment.

Materials and Methods
Study site and organism selection

The Seribu Islands is one of Indonesia’s small island areas located
in DKI (Special Capitol District) Jakarta province. Because of the
islands’ location close to the Indonesian capital, Jakarta, the marine
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habitat around these islands has local environmental stressors from
land-based industrial and heavily populated domestic run-off that
first enters Jakarta Bay and then flows out around them. In 2004,
metal contaminants from Jakarta Bay were already considered to be
above normal levels for marine organisms. At this time, the so called
red tide phenomenon also occurred several times in Jakarta Bay as the
concentration of phosphate and nitrate ions were high in that area [13].
In the Seribu Islands themselves there were also local domestic run-
off and fish aquaculture conditions that could possibly trigger or be
responsible for the high levels of phosphate and nitrate ions measured
in the surrounding waters. In simple visual terms the amount of
observable (July 2009) solid waste of all kinds flowing from Jakarta
Bay to the Seribu Islands can only be described as significant. Based
on these observations the Seribu Islands were chosen as the site for the
current study. The organisms selected for investigation were Nephthea
sp., based on their common occurrence on local coral reefs around
these islands and their apparent successful deterrence of predators
[14,15]. This successful defense strategy of soft corals is usually
correlated with a defensive chemical anti-predatory system based on
bioactive natural products known as terpenes, specifically cembranoid
diterpenes [7,16]. The cembranoids focused on in this study were the
recently reported 3,4-epoxy-nephthenol acetate (1) and the known

15-hydroxy-cembrane (2) [17].
Animal Material

All Nephthea sp., samples were collected on the basis of their
morphological similarities to the sample used in the recently reported
investigation of Nephthea sp. [17]. All samples were indentified on the
basis of their overall morphological and spicule profiles. The samples’
profiles were compared with the morphology and spicules profile
database of soft corals [18]. From the profiles of sample spicules, all
collected samples were identified as belonging to a single species within
the genus Nephthea. Full taxonomic assignment of this likely new
species will be the subject of a future discrete taxonomic investigation.

Samples were collected from twelve locations ranging from
southern to northern Seribu Islands, Indonesia, during the period April
19-22, 2010. Precise locations were recorded using a GPS; Garmin
GPSMAP 60CSXA. A plot of each site was made on maps from Holtrof
[19], and are shown in Figure 1(a). At each site, at 5m depth, a 30m
transect was laid based on established line methods [20] to estimate live
coral cover. From each 10m section of the 30m line transect, a sample
of the soft coral Nephthea sp., was taken giving a total of three from
each transect. The fresh coral sample (ca. 5g) was immediately placed
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Figure 1: (a) Map of sampling sites in the Seribu Islands, and contour maps of; (b) active phosphate in ppm (c) inorganic nitrogen in ppm (d) pH
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Figure 2: Cembranoid diterpenes quantified from Nephthea sp., collected from
Seribu Islands; 3,4-epoxy-nephthenol-acetate (1) and 15-hydroxy-cembrane

).

(1) 3,4-Epoxy-nephthenol acetate  (2) 15-Hydroxy-cembrane

16 -
14
o
=12 y = 0.025x + 3.3095
S 10 R®=0.987
<
% 8 u
£ 6 @
4 y = 0.0085x+ 1.8389
2 R’ =0.985
0 : : : : : ‘
0 100 200 300 400 500 600

Standard Concentration (ppm)

Figure 3: Regression curves of 3,4-epoxy-nephthenol acetate (1) and 15-hy-
droxy-cembrane (2) standards).

in 10mL of HPLC grade methanol and maintained at 0°C in a cool
box containing ice water. On return to the laboratory, samples were
exhaustively extracted with methanol to yield the extract that was used
for further study.

Environmental Water Analysis

At each sampling site, water samples within one meter of
Nephthea sp., (5m depth) were taken. Since three animal samples
were collected from each site, three water samples were also collected
at corresponding locations. Analysis of PO,, NO,, NO,, NH,, and
pH were undertaken immediately on board above the sampling site
using a portable colorimeter Hach DR-890 and a pH-meter. Dissolved
inorganic nitrogen (DIN) concentration was determined as the sum of
NO,, NO,, and NH, according to an established method [21].

Determination of Cembranoid Diterpenes

The two cembranoid diterpene standards were first isolated and
characterized as 3,4-epoxy-nephthenol acetate (1) and 15-hydroxy-
cembrane (2) (Figure 2) in a previous study [17]. For each compound,
a dilution series ranging from 480-30ppm was prepared and a
standard curve of concentration constructed (Figure 3). Quantification
of cembranoid diterpenes in collected samples was achieved by
injection of 20 puL of methanol extract Nephthea sp. (10mg/mL) into
a Shimadzu 2010A HPLC system equipped with a Shimadzu ODS RP-
C,, column (150x2.0 mm) and mobile phase gradient mixtures of water
containing increasing amounts of acetonitrile (ACN). Determination
of the concentration of each compound was achieved by comparison

(a) (b)

(d) % Yield of 3,4-epoxy-nephthenol acetate (1)

Figure 4: (a) Contour maps of % live coral cover in Seribu Islands waters (b) % Cytotoxicity of Nephthea sp., extracts (c) % Yield of 15-hydroxy-cembrane (2)

(c) (d)
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of values obtained from regression plot standard concentration curves
(Figure 3) and peak area of each correlated compound in resultant
HPLC chromatograms.

Cytotoxic Testing

Screening of samples for their cytotoxic was conducted employing
a single human cancer cell line, T47D (breast cancer), based on the
methods of Zachary [22]. Each sample was analysed in triplicate at
30mg/L, based on limit inhibition potency from Fajarningsih et al,
[23].

Contour Maps

Each variable measured; phosphate concentration, inorganic
nitrogen concentration, pH (Figure 1 b-d), live coral cover, extract
cytotoxicity towards T47D cells, and concentrations of 3,4-epoxy-
nephthenol acetate (1) and 15-hydroxy-cembrane (2) (Figure 4 a-d),
was plotted to previously obtained GPS location coordinates. Contour
maps of each variable were generated using Surfer Golden Software
Version 9.9.78Results

Table 1 shows data for active phosphate concentration (PO,*),
dissolved inorganic nitrogen (DIN) concentration, and pH in sea water
samples collected from twelve different locations during the time of
this study; resultant contour maps are shown in Figure 1.

Figure 2 shows the chemical structures of the two cembranoid
diterpenes (1-2) whose concentration in Nephthea sp., samples were
analyzed in this study.

Table 2 shows percentage of live coral cover on reefs from where
samples were collected, cytotoxicity of Nephthea sp., extracts towards
T47D cells, and yields of 1 and 2. Quantification of both cembranoid
diterpenes was based on standard regression curves shown in Figure 3.
Contour maps generated from these data are shown in Figure 4.

Discussion

It was evident at several study sites that levels of phosphate and
dissolved inorganic nitrogen were above threshold values (0.1uM
and 1uM, respectively) for a minimally impaired coral reef [24]
(Figure 1). High levels of phosphate were probably caused by effluent

from domestic run-off, as the majority occurred in southern areas
where there are local communities living on the Seribu Islands. In
northern regions of the islands, all parameters analyzed showed high
concentrations of phosphate and inorganic nitrogen. The reason for
high values in these areas is unknown, but it seems likely that the levels
observed may come from non-point sources, such as movement of
ions in local ocean currents. The northern part of Seribu Islands is an
open sea area, which has oil drilling rig activities and is also a busy
pathway for boat traffic to and from Jakarta province, which may have
an influence on the variables being measured.

Secondary metabolite investigation of collected samples found
them in most cases to contain both investigated compounds (1-2).

In a general sense, the results in Table 2 and Figure 4 (a) show
the impact of anthropogenic stressors, pollutants, on the Seribu
Islands coral reef environment. The contour map of live coral cover
shows the maximum live cover in these areas was only around 40%.
The biopotency, as measured by cytotoxicity, and not to be confused
with the presence or absence of 1 and 2, of extracts from Nephthea sp.,
loosely correlates with the observed coral coverage and vice versa, in all
but one case, Site 10. In the southern region, where Site 10 was located,
the cytotoxicity levels appeared not to show the same correlation with
live coral cover as their central and northern counterparts.

Although speculative, the occurrence of cytotoxic compounds in
marine invertebrates is usually correlated with an organisms attempt
to win and or maintain living space in a given benthic area against their
competitor(s) [7,25-27]. The high levels of nutrient ions detected in
the southern part of the Seribu Islands, that are considered less than
optimal to support a wide variety of life on the coral reefs, might be a
cause of the lack of biopotency vs coral cover observed there and that
the high coral cover was observed from only a few species that appear
to be able tolerate such conditions, e.g., Sarcophyton sp., (Soft corals)
and Montipora sp., (Hard corals) together with organisms from other
groups, e.g., zoanthids, echinoderms, and algae, but the actual species
diversity is low. The abiotic part of the environment in these regions
was predominantly covered with rubble and sand.

Visual observation at sampling sites in the southern part of the
Seribu Islands showed that these areas were dominated by soft corals

Site Location Phospate (ppm) Dissolved Inorganic Nitrogen (ppm) pH
Value +SD Value +SD Value +SD
1 East Peteloran Island 0.043* 0.006 0.029 0.001 777 0.06
2 West Penjaliran Island 0.017* 0.006 0.097 0.016 7.73 0.06
3 Jagung Island 0.357 0.031 0.082 0.000 8.20 0.00
4 Sebaru Besar Island 0.103 0.015 0.020 0.003 8.23 0.06
5 Melinjo Island 0.033* 0.012 0.018 0.002 8.13 0.06
6 Putri Island 0.037* 0.012 0.004* 0.002 8.27 0.06
7 Pelangi Island 0.083 0.006 0.035 0.003 8.23 0.06
8 Kayu Angin Bira Island 0.047* 0.015 0.000 0.000 8.13 0.06
9 Kelapa Island 0.413 0.006 0.006 0.002 8.23 0.06
10 Kotok Island 0.110 0.000 0.033 0.010 8.27 0.06
1 Panggang Island 0.357 0.006 0.043 0.007 8.23 0.06
12 Pramuka Island 0.170 0.000 0.128 0.006 8.20 0.00

*Value below stated instrument detection limit (0.05 ppm for Phosphate and 0.005 ppm for nitrogen)

Table 1: Concentration of active phosphate (ppm) and inorganic nitrogen (ppm), and pH at sampling sites in the Seribu Islands.
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Site Location a::tealgah(t1()/ior)1 3\,!:tlilv):ig¥\tn:fp li\}ter;srr;‘::aa Weighvte(!‘;/oallfg- :ty g;(l)\;(g ’;;?;;t;r:: e(2)in PPI;hhT:;z?h:;f:’t- ZfofOﬂCt I(-:i;:e?(():/?)l
sp. ' towards T47D cells (%)
Value *SD Value *SD Value *SD Value
1 E. Peteloran Island 0.00 0.00 0.00 0.00 0.00 0.00 20
2 |W. Penjaliran Island 0.01 0.00 0.04 0.01 0.00 0.00 25
3 | Jagung Island 0.11 0.02 0.06 0.01 0.00 0.00 5
4 | Sebaru Besar Island 0.16 0.02 0.09 0.01 40.52 0.78 30
Melinjo Island 0.13 0.02 0.06 0.00 0.00 0.00 25
6 Putri Island 0.14 0.01 0.05 0.01 37.71 1.56 35
7 Pelangi Island 0.19 0.01 0.06 0.00 61.92 0.62 30
8 Kayu A. Bira Island 0.17 0.04 0.06 0.01 63.10 1.98 35
9 Kelapa Island 0.00 0.00 0.00 0.00 0.00 0.00 10
10 |Kotok Island 0.05 0.01 0.04 0.01 8.84 1.08 20
11 Panggang Island 0.07 0.00 0.07 0.00 10.13 1.51 40
12 |Pramuka Island 0.05 0.00 0.00 0.00 0.00 0.00 20

Table 2: Yield of 3,4 epoxy-nephthenol acetate (1) and 15-hydroxy-cembrane (2) in wet weight of Nephthea sp., inhibition of 30 ppm Nephthea sp., extract to T47D cell

lines, and live coral cover in each sampling location.

belonging to the genus Sarcophyton. Sarcophyton sp., are common on
inshore reefs, and so it is not surprising that they could accommodate
a wide range of nutrient conditions without showing adverse effects
[28]. This proposed effect has also been discussed for some reefs on the
Great Barrier Reef - Australia, where higher nutrient concentrations
in inshore waters may contribute to the dominance and possible
expansion by octocorals in that region [29]. The results of this latter
study may also correlate in some way with those found for the soft
coral Sarcophyton ehrenbergi that showed there was a general increase
in the “physiological-change indicator”, which is defined as the ratio
of stress metabolites (terpenes) to energy storage metabolites (lipids),
when local stress was increased by relocation next to a hard coral
species but was variable when the nutrients nitrogen and phosphorus
were considered [11]. Lower overall diversity may also mean lower
competition for living space and so Nephthea sp., as a response might
produce lower amounts of cytotoxic (antipredatory) compounds [8,9].
High cytotoxic activity of extracts observed in the central part of the
Seribu Islands that has lower levels of nutrient ions compared to other
sites combined with high coral cover supports the tentative correlation
between high diversity of reef species and competition for living space
[30]; in the particular case being studied the soft coral would produce
higher levels of cytotoxic compounds in order to survive, win and, or
maintain a space on the reef [31,32].

Generally, as seen in contour maps Figures 4(c) and 4(d), the
cembranoid diterpenes 2 and 1 from Nephthea sp., occurred in a similar
distribution pattern as that of live coral cover Figure 4(a). As there is a
positive relationship between live coral cover and total number of fish
species [33], it is probable that local coral fishes are in abundance in
those areas with live coral cover. As a logical consequence, and based
on the observation that many cembranoid diterpene compounds in
soft corals are known to be toxic, i.e., serve as local coral fish feeding
deterrents, as antifouling agents, and as agents assisting with successful
competition for space with others corals [14,16], as well as being
implicated in spawning [14], it is likely that Nephthea sp., growing in
areas of high live coral cover will produce larger amounts of feeding
deterrent cembranoid diterpenes than those from sites with less cover,

so as to effectively deter fish feeding [9,31]. In contrast, in areas with
higher levels of pollutants marine organisms would have difficulty
surviving; that is, conditions might cause a reduction of hard coral
cover and hence the number of reef fish species [34]. Under these
circumstances, as the local number of predatory fishes decrease it is
probable that Nephthea sp., would no longer require prior high levels of
their antipredatory substances, like cembranoid diterpenes.

The finding of different concentration patterns of 3,4-epoxy-
nephthenol acetate (1) and 15-hydroxy-cembrane (2) throughout the
Islands [see Figures 4(c) and (d)] showed both of these compounds
to likely serve as anti-predatory systems, and that each of them mally
address a different type(s) of predator(s) [8]. The known 15-hydroxy-
cembrane (2) occurred more generally at every site that had live coral
cover, while 3,4-epoxy-nephthenol acetate (1) occurred only in specific
areas of the Seribu Islands, those with lower levels of environmental
stressors. From these observations it might be likely that in the latter case
the predator(s) or effector(s) that triggered this compounds production
is (are) only found in what are considered “clean” environments. As
production of 1 seems to be significantly compromised through
pollution and other human activities, this study shows that one source
of marine biodiversity may be being rapidly compromised or lost as a
result of such occurrences [35].

In summary, the results of this study showed in a very preliminary
and speculative way that Nephthea sp., sampled from the Seribu Islands
produced lower amounts of cembranoid diterpenes as nutrification
entered their habitats. This finding may be the result of anthropogenic
stressors and its negative correlation on the total number of soft coral
fish predators. In other words, when cembranoid diterpenes serve as
an anti-predatory system, the production of those natural products
might be conditional on predator challenge. As lower amounts of
bioactive compounds were found in areas considered polluted, it might
reasonably be concluded that anthropogenic pollution is a major threat
to reef biopotency and hence, natural product discovery.

Acknowledgement

Taxonomic assignments were made by Beginner Subhan, Agricultural
University, Department of Marine Science and Technology, JIl. Raya Darmaga

J Marine Sci Res Development

Marine Pollution

ISSN:2155-9910 JMSRD an open access journal



Citation: Januar HI, Hendrarto B, Chasanah E, Wright AD (2011) Nephthea sp.: Correlation Between Natural Products Production and Pressure from
Local Environmental Stressors. J Marine Sci Res Development S8:001. doi:10.4172/2155-9910.S8-001

Page 6 of 6

Kampus IPB Darmaga, Bogor 16680, Indonesia. We thank, Satibi, Sahiran, and
Hamdan at Kepulauan Seribu National Park for their assistance with sample
collection. Our thanks also go to S. Iswani, A. Pratitis, and G. Patantis for assisting
with water quality and cytotoxic analyses.

References

1.

19.

20

21.

Rajendran N, Ravichandran S, Raghunathan S, Vijayalakshmi L, Swaminathan
V, etal. (2001) In: Coral reefs of India: State-of-the-Art Report. Balasubramanian
T, Ajmal Khan S Eds. ENVIS Publication Series, India.

Goreau T (1992) Coral Reef Protection in Western Jamaica. In: Protecting
Jamaica’s Coral. Reefs: Water Quality Issues, pg: 39-65.

Engelhardt U, Hartcher M, Taylor N, Cruise J, Engelhardt D, et al. (2001)
Crown-of-thorns starfish (Acanthaster planci) in the central Great Barrier
Reef region. Results of fine-scale surveys conducted in 1999-2000.CRC Reef
research centre technical report No. 32.

Lacy RC (1997) Importance of genetic variation to the viability of mammalian
populations. J Mammal 78: 320-335.

Meinesz A, de Vaugelas J, Hesse B, Mari X (1993) Spread of the introduced
tropical green alga Caulerpa taxifolia in northern Mediterranean waters. J App
Phycol 5: 141-147.

Cetrulo GL, Hay ME (2000) Activated chemical defenses in tropical versus
temperate seaweeds. Mar Ecol Prog Ser 22: 243-253.

Pawlik JR (1993) Marine invertebrate chemical defenses. Chem Rev 93: 1911-
1922.

Wright JT, de Nys R, Steinberg PD (2000) Geographic variation in halogenated
furanones from the red alga Delisea pulchra and associated herbivores and
epiphytes. Mar Ecol Prog Ser 22: 227-241.

Hoover CA, Slattery M, Targett NM, Marsh AG (2008) Transcriptome and
metabolite responses to predation in a south pacific soft coral. Biol Bull 214:
319-328.

.Leone PA, Bowden BF, Carroll AR, Coll JC (1995) Chemical consequences

of relocation of the soft coral Lobophytum compactum and its placement in
contact with the red alga Plocamium hamatum. Mar Biol 122: 675-679.

. Fleury B, Coll JC, Tentori E, Duguesne S, Figueiredo L (2000) Effect of nutrient

enrichment on the complementary (secondary) metabolite composition of the
soft coral Sarcophyton ehrenbergi (Cnidaria: Octocorallia: Alcyonacea) of the
Great Barrier Reef. Mar Biol 136: 63-68.

. Camargo JA, Alonso A (2006) Ecological and toxicological effects of inorganic

nitrogen pollution in aquatic ecosystems: A global assessment. Environ Int 32:
831-849.

. Lestari, Edward (2004) The effect of heavy metal contamination to sea water

quality and fisheries resources (Study Case mass death of fishes in Jakarta
bay). Makara Sains 8: 52-58.

.Sammarco P, Coll JC (1992) Chemical adaptations in the Octocorallia:

Evolutionary considerations. Mar Ecol Prog Ser 88: 93-104.

. Fabricius KE (1995) Slow population turnover in the soft coral genera Sinularia

and Sarcophyton on mid- and outer- shelf reefs of the Great Barrier Reef. Mar
Ecol Prog Ser 126: 145-152.

. Coll JC (1992) The chemistry and chemical ecology of octocorals (Coelenterata,

Anthozoa, Octocorallia). Chem Rev 92: 613-631.

.Januar HI, Chasanah E, Motti CA, Tapiolas DM, Liptrot CH, et al. (2010)

Cytotoxic cembranes from Indonesia specimens of the soft coral Nephthea sp.
Mar Drugs 8: 2142-2152.

.Manuputty AEW, Pemanfaatan P, Kelautan DI (2002) Karang lunak (soft

coral) perairan Indonesia. buku 1. Laut Jawa & Selat Sunda. Lembaga lImu
Pengetahuan Indonesia, Pusat Penelitian Oseanografi, Proyek Pemanfaatan
dan Diseminasi Iptek Kelautan, Jakarta.

http://catalogue.nla.gov.au/Record/980812.

. Holtrof GW (2004) Jakarta Maps - Street atlas and index with CD-ROM. PT.

Java Books Jakarta, Indonesia.

English S, Wilkinson C, Baker V (1994) Survey Manual for Tropical Marine
resources. Australian Institute for Marine Science (AIMS), Townsville,

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Queensland, Australia.

Kroger R, Holland MM, Moore MT, Cooper CM (2009) Seasonal patterns of
nitrogen and phosphorus losses in agricultural drainage ditches in northern
Mississipi. In: Agricultural Runoff: Coastal Engineering and Flooding. Hudspeth
CA, dan Reeve T.E Eds. Nova Science Publishers Inc. pg: 279-289.

Zachary | (2003) Determination of cell number. In: Cell proliferation and
apoptosis. Hughes D, Mehmet H Eds. Bios Scientific Publishers Ltd. Pg: 13-35.

Fajarningsih ND, Januar HI, Nursid M, Wikanta T (2006) Antitumor potency of
sponge Crella papilata from Seribu Islands Marine National Park. Indonesian J
Mar Fish Postharvest Biotechnol 1: 35-41.

Jameson SC, Kelty RA (2004) A Review of indicators of land-based pollution
stress on coral reefs: A background paper for joint EPA/NOAA/USGA/DOI
workshop on assessing pollution stress on coral reefs, August 31-September
2, Honolulu, Hawaii, USA.

Puyana M, Fenical W, Pawlik JR (2003) Are there activated chemical defenses
in sponges of the genus Aplysina from the Caribbean? Mar Ecol Prog Ser 246:
127-135.

Kelly SR, Jensen PR, Henkel TP, Fenical W, Pawlik JR (2003) Effects of
Caribbean sponge extracts on bacterial attachment. Aqua Micro Biol 31: 175-
182.

Sotka E, Forbey J, Horn M, Poore A, Raubenheimer D, et al. (2009) The
emerging role of pharmacology in understanding consumer-prey interactions in
marine and freshwater systems. Integr Comp Biol 49: 291-313.

Koop K, Booth D, Broadbent A, Brodie J, Bucher D, et al. (2001) ENCORE:
The effect of nutrient enrichment on coral reefs. Synthesis of results and
conclusions. Mar Pollut Bull 42: 91-120.

Fleury BG, Coll JC, Sammarco PW, Tentori E, Duquesne S (2004)
Complementary (secondary) metabolites in an octocoral competing with a
scleractinian coral: Effects of varying nutrient regimes. J Exp Mar Biol Ecol
303: 115-131.

Hay ME, Fenical W (1996) Chemical ecology and marine biodiversity: Insights
and products from the sea. Oceanogr 9: 10-20.

Rossi S, Snyder MJ (2001) Competition for space among sessile marine
invertebrates: Changes in HSP70 expression in two Pacific Cnidarians. Biol
Bull 201: 385-393.

Thakur NL, Thakur AN, Muller WEG (2005) Marine natural products in drug
discovery. Nat Prod Rad 4: 471-477.

Bell D, Galzin R (1984) Influence of live coral cover on coral reef fish
communities. Marine Ecol 15: 265-274.

Jones GP, McCormick MI, Srinivasan M, Eangle JV (2004) Coral decline
threatens fish biodiversity in marine reserves. Proc Nat Acad Sci 101: 8251-
8253.

Battershill C (2007) Southern ocean biodiversity and discovery: As we see
more, we may be seeing less, In Proceedings of 12" International Marine
Natural Products Symposium, Queenstown, New Zealand, February 4-9,
Conference Abstracts 14.

J Marine Sci Res Development

Marine Pollution

ISSN:2155-9910 JMSRD an open access journal


http://books.google.co.in/books/about/Coral_reefs_of_India.html?id=Zoi5PAAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Coral_reefs_of_India.html?id=Zoi5PAAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Coral_reefs_of_India.html?id=Zoi5PAAACAAJ&redir_esc=y
http://books.google.co.in/books/about/Coral_reefs_of_India.html?id=Zoi5PAAACAAJ&redir_esc=y
http://globalcoral.org/coral_reef_protection_in_western.htm
http://globalcoral.org/coral_reef_protection_in_western.htm
http://globalcoral.org/coral_reef_protection_in_western.htm
http://books.google.co.in/books/about/Crown_of_thorns_starfish_Acanthaster_pla.html?id=chUaAQAAIAAJ&redir_esc=y
http://books.google.co.in/books/about/Crown_of_thorns_starfish_Acanthaster_pla.html?id=chUaAQAAIAAJ&redir_esc=y
http://books.google.co.in/books/about/Crown_of_thorns_starfish_Acanthaster_pla.html?id=chUaAQAAIAAJ&redir_esc=y
http://books.google.co.in/books/about/Crown_of_thorns_starfish_Acanthaster_pla.html?id=chUaAQAAIAAJ&redir_esc=y
http://books.google.co.in/books/about/Crown_of_thorns_starfish_Acanthaster_pla.html?id=chUaAQAAIAAJ&redir_esc=y
http://www.jstor.org/pss/1382885
http://www.jstor.org/pss/1382885
http://www.jstor.org/pss/1382885
http://www.springerlink.com/content/v4235711775252m8/
http://www.springerlink.com/content/v4235711775252m8/
http://www.springerlink.com/content/v4235711775252m8/
http://www.springerlink.com/content/v4235711775252m8/
http://smartech.gatech.edu/handle/1853/34242
http://smartech.gatech.edu/handle/1853/34242
http://smartech.gatech.edu/handle/1853/34242
http://pubs.acs.org/doi/abs/10.1021/cr00021a012
http://pubs.acs.org/doi/abs/10.1021/cr00021a012
http://pubs.acs.org/doi/abs/10.1021/cr00021a012
http://www.int-res.com/articles/theme/m207p227.pdf
http://www.int-res.com/articles/theme/m207p227.pdf
http://www.int-res.com/articles/theme/m207p227.pdf
http://www.int-res.com/articles/theme/m207p227.pdf
http://www.ncbi.nlm.nih.gov/pubmed/18574108
http://www.ncbi.nlm.nih.gov/pubmed/18574108
http://www.ncbi.nlm.nih.gov/pubmed/18574108
http://www.ncbi.nlm.nih.gov/pubmed/18574108
http://www.springerlink.com/content/q3822614h5224520/
http://www.springerlink.com/content/q3822614h5224520/
http://www.springerlink.com/content/q3822614h5224520/
http://www.springerlink.com/content/q3822614h5224520/
http://www.springerlink.com/content/weljqry7k48xn2u7/
http://www.springerlink.com/content/weljqry7k48xn2u7/
http://www.springerlink.com/content/weljqry7k48xn2u7/
http://www.springerlink.com/content/weljqry7k48xn2u7/
http://www.springerlink.com/content/weljqry7k48xn2u7/
http://www.ncbi.nlm.nih.gov/pubmed/16781774
http://www.ncbi.nlm.nih.gov/pubmed/16781774
http://www.ncbi.nlm.nih.gov/pubmed/16781774
http://www.ncbi.nlm.nih.gov/pubmed/16781774
http://journal.ui.ac.id/upload/artikel/02_Dampak Pencemaran Logam Berat_Lestari.PDF
http://journal.ui.ac.id/upload/artikel/02_Dampak Pencemaran Logam Berat_Lestari.PDF
http://journal.ui.ac.id/upload/artikel/02_Dampak Pencemaran Logam Berat_Lestari.PDF
http://journal.ui.ac.id/upload/artikel/02_Dampak Pencemaran Logam Berat_Lestari.PDF
http://www.int-res.com/articles/meps/88/m088p093.pdf
http://www.int-res.com/articles/meps/88/m088p093.pdf
http://www.int-res.com/articles/meps/88/m088p093.pdf
http://www.int-res.com/articles/meps/126/m126p145.pdf
http://www.int-res.com/articles/meps/126/m126p145.pdf
http://www.int-res.com/articles/meps/126/m126p145.pdf
http://www.int-res.com/articles/meps/126/m126p145.pdf
http://pubs.acs.org/doi/abs/10.1021/cr00012a006
http://pubs.acs.org/doi/abs/10.1021/cr00012a006
http://pubs.acs.org/doi/abs/10.1021/cr00012a006
http://www.ncbi.nlm.nih.gov/pubmed/20714428
http://www.ncbi.nlm.nih.gov/pubmed/20714428
http://www.ncbi.nlm.nih.gov/pubmed/20714428
http://www.ncbi.nlm.nih.gov/pubmed/20714428
http://books.google.com/books/about/Karang_lunak_soft_coral_perairan_Indones.html?id=G-1LAAAACAAJ;
http://books.google.com/books/about/Karang_lunak_soft_coral_perairan_Indones.html?id=G-1LAAAACAAJ;
http://books.google.com/books/about/Karang_lunak_soft_coral_perairan_Indones.html?id=G-1LAAAACAAJ;
http://books.google.com/books/about/Karang_lunak_soft_coral_perairan_Indones.html?id=G-1LAAAACAAJ;
http://books.google.com/books/about/Karang_lunak_soft_coral_perairan_Indones.html?id=G-1LAAAACAAJ;
http://catalogue.nla.gov.au/Record/980812
http://catalogue.nla.gov.au/Record/980812
http://trove.nla.gov.au/work/17659426?q=Juli&l-format=Map%2FElectronic&c=book
http://trove.nla.gov.au/work/17659426?q=Juli&l-format=Map%2FElectronic&c=book
http://trove.nla.gov.au/work/17659426?q=Juli&l-format=Map%2FElectronic&c=book
http://www.nhbs.com/survey_manual_for_tropical_marine_resources_tefno_32874.html
http://www.nhbs.com/survey_manual_for_tropical_marine_resources_tefno_32874.html
http://www.nhbs.com/survey_manual_for_tropical_marine_resources_tefno_32874.html
http://www.nhbs.com/survey_manual_for_tropical_marine_resources_tefno_32874.html
https://www.novapublishers.com/catalog/product_info.php?products_id=9536
https://www.novapublishers.com/catalog/product_info.php?products_id=9536
https://www.novapublishers.com/catalog/product_info.php?products_id=9536
https://www.novapublishers.com/catalog/product_info.php?products_id=9536
https://www.novapublishers.com/catalog/product_info.php?products_id=9536
http://www.scribd.com/doc/67564059/Cell-Proliferation-and-Apoptosis
http://www.scribd.com/doc/67564059/Cell-Proliferation-and-Apoptosis
http://www.scribd.com/doc/67564059/Cell-Proliferation-and-Apoptosis
ftp://ftp.nodc.noaa.gov/pub/data.nodc/coris/library/NOAA/CRCP/project/1378/review_indicators_lbp_reefs.pdf
ftp://ftp.nodc.noaa.gov/pub/data.nodc/coris/library/NOAA/CRCP/project/1378/review_indicators_lbp_reefs.pdf
ftp://ftp.nodc.noaa.gov/pub/data.nodc/coris/library/NOAA/CRCP/project/1378/review_indicators_lbp_reefs.pdf
ftp://ftp.nodc.noaa.gov/pub/data.nodc/coris/library/NOAA/CRCP/project/1378/review_indicators_lbp_reefs.pdf
ftp://ftp.nodc.noaa.gov/pub/data.nodc/coris/library/NOAA/CRCP/project/1378/review_indicators_lbp_reefs.pdf
http://www.int-res.com/abstracts/meps/v246/p127-135/
http://www.int-res.com/abstracts/meps/v246/p127-135/
http://www.int-res.com/abstracts/meps/v246/p127-135/
http://www.int-res.com/abstracts/meps/v246/p127-135/
http://www.mendeley.com/research/effects-of-caribbean-sponge-extracts-on-bacterial-attachment/
http://www.mendeley.com/research/effects-of-caribbean-sponge-extracts-on-bacterial-attachment/
http://www.mendeley.com/research/effects-of-caribbean-sponge-extracts-on-bacterial-attachment/
http://www.mendeley.com/research/effects-of-caribbean-sponge-extracts-on-bacterial-attachment/
http://www.ncbi.nlm.nih.gov/pubmed/21665821
http://www.ncbi.nlm.nih.gov/pubmed/21665821
http://www.ncbi.nlm.nih.gov/pubmed/21665821
http://www.ncbi.nlm.nih.gov/pubmed/21665821
http://www.ncbi.nlm.nih.gov/pubmed/11381890
http://www.ncbi.nlm.nih.gov/pubmed/11381890
http://www.ncbi.nlm.nih.gov/pubmed/11381890
http://www.ncbi.nlm.nih.gov/pubmed/11381890
http://www.sciencedirect.com/science/article/pii/S0022098103005355
http://www.sciencedirect.com/science/article/pii/S0022098103005355
http://www.sciencedirect.com/science/article/pii/S0022098103005355
http://www.sciencedirect.com/science/article/pii/S0022098103005355
http://www.sciencedirect.com/science/article/pii/S0022098103005355
http://www.tos.org/oceanography/issues/issue_archive/issue_pdfs/9_1/9.1_hay_fenical.pdf
http://www.tos.org/oceanography/issues/issue_archive/issue_pdfs/9_1/9.1_hay_fenical.pdf
http://www.tos.org/oceanography/issues/issue_archive/issue_pdfs/9_1/9.1_hay_fenical.pdf
http://www.ncbi.nlm.nih.gov/pubmed/11751250
http://www.ncbi.nlm.nih.gov/pubmed/11751250
http://www.ncbi.nlm.nih.gov/pubmed/11751250
http://www.ncbi.nlm.nih.gov/pubmed/11751250
http://nopr.niscair.res.in/bitstream/123456789/8143/1/NPR 4%286%29 471-477.pdf
http://nopr.niscair.res.in/bitstream/123456789/8143/1/NPR 4%286%29 471-477.pdf
http://nopr.niscair.res.in/bitstream/123456789/8143/1/NPR 4%286%29 471-477.pdf
http://www.int-res.com/articles/meps/15/m015p265.pdf
http://www.int-res.com/articles/meps/15/m015p265.pdf
http://www.int-res.com/articles/meps/15/m015p265.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15150414
http://www.ncbi.nlm.nih.gov/pubmed/15150414
http://www.ncbi.nlm.nih.gov/pubmed/15150414
http://www.ncbi.nlm.nih.gov/pubmed/15150414

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Study site and organism selection
	Animal Material
	Environmental Water Analysis
	Determination of Cembranoid Diterpenes
	Cytotoxic Testing
	Contour Maps

	Discussion
	Acknowledgement
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Table 1
	Table 2
	References



