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Abstract

Octocorallian soft corals are known for their ecological and pharmacological importance, but the bioactivity of
crude extracts from Philippine species is less studied. This study determined the toxicity of crude extracts from
species collected at wave-exposed and less wave-exposed nearshore sites at Talisayan, Southern Philippines.
SCUBA diving was used to collect soft coral specimens at 3-5 m depth. In situ colony image and sclerites from
each specimen were used to identify soft corals to the species level. The brine shrimp lethality assay was carried
out to determine the toxicity of methanol extracts at 10, 100 and 1000 ppm concentrations. This study recorded
three species (Sarcophyton crassocaule, Isis hippuris, Cespitularia stolonifera) from the less wave-exposed site,
and eight from the wave-exposed area (Sinularia sp., Si. flexibilis, Lobophytum crassum, and L. durum, Si.
polydactyla, S. ehrenbergi, S. glaucum, and Dendronephthya hemprichii). Toxicity of extracts against brine
shrimps appears not to be due to the wave exposure of site, but more associated with the species and perhaps
intensity of fish predation on soft corals. Extracts from S. crassocaule, L. durum, Isis hippuris, L. crassum, S.
ehrenbergi, C. stolonifera, and D. hemprichii were highly toxic with LCso values (in ppm) of 0.40, 3.45, 3.67,
4.25, 4.25, 26.92, and 28.18, respectively. Si. flexibilis was considered toxic with an LCso value of 144.54 ppm.
The unidentified species Sinularia sp. was found to be non-toxic. This study reveals that some soft coral taxa

from Talisayan neritic waters are potentially good sources of bioactive compounds for drug discovery.
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Introduction

Along with scleractinian or hard corals, soft corals are
known for its spectacular biodiversity. Soft corals are
indispensable component of coral reefs that provides
local livelihood, natural seawalls that protect people
from tidal waves and storm surge, and nursery areas
of many marine species (Johnson and Marshall,
2007; Nakamura et al., 2011). However, coral reefs
worldwide are degraded and overexploited partly
because the socio-economic value of coral reef
biodiversity is less understood and underappreciated
(Reaka-Kudla, 1997). Unraveling the pharmacological
value of different species is a key to the sustainable

conservation of coral reefs (Goh et al., 2009).

Aside from their ecological importance, soft corals
can also be a potential source of drugs. For instance,
the soft coral Lobophytum sp. from Mindoro,
Philippines were found to produce bioactive lobane
diterpenes (Edrada et al., 1998). Soft corals produce a
variety of secondary metabolites such as diterpenoids,
sesquiterpenoids,  steroids and  cembranoid
derivatives (Limna Mol et al., 2010; Duh et al., 2012;
Sung et al., 2013; Mehdinia et al., 2014; Phan and
Vairappan, 2015). Additionally, they are also known
to have antioxidant (Shahbudin et al, 2011),
antifouling (Limna Mol et al., 2010), anti-cancer
(Chou et al., 2008) and anti-inflammatory (Duh et
al., 2010; Putra and Murniasih, 2015) properties that

make them very ideal for drug development.

Soft corals are known to have cytotoxic properties
that have sparked interest of many researches in
biochemical science and drug industries (Goh et al.,
20009; Putra et al., 2016). Preliminary toxicity testing
is commonly done to test if an organism contains
bioactive compounds that can be useful in future
studies. Brine shrimp lethality assay (BSLA) is widely
used by many researchers to predict cytotoxic activity

of many compounds (Luyao et al., 2019).

The brine shrimp, Artemia sp., is an aquatic, filter-
feeding crustacean which is commonly used as model
organism in many toxicity studies due to its low cost

and ease of use (Murcia et al., 2019).
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Soft coral species are known to synthesize bioactive
compounds or secondary metabolites in response to
competitors, predators, fouling organisms and
parasites, but toxicity of species vary geographically
(Coll et al., 1983). For example, toxicity of sponges
can vary with habitats with different strength of water
movement (Wilkinson and Evans 1989). Hence, the
objectives of this study are to collect and identify
species of soft corals from wave-exposed and less
wave-exposed nearshore areas of Talisayan, Northern
Mindanao, Philippines, and to conduct brine shrimp
toxicity bioassay using the methanolic crude extracts

of these soft coral species.

Materials and methods

Sampling and collection of specimens

Field sampling of the two sites was conducted on 26
to 29 October 2017 in the fringing reef of Talisayan, a
Municipality in the Province of Misamis Oriental,
located in the Northeastern coast of Mindanao Island,
Southern Philippines. The wave-exposed site (outer)
was located in Eastern section of Sipaca Point while
the less wave-exposed site (inner) is on the western
sheltered area of the Point (Fig. 1). Location of each
site was known using a hand-held Garmin Global

Positioning System.

Prior to detailed sampling in the area, initial visual
survey and spot-check SCUBA dives were done to
identify the locations of soft coral assemblages. The
initial survey was also used to determine the depth of
the collection sites. Specimens were collected from
the sampling area from a depth of three to five meters
also by SCUBA diving. Each sample was rinsed with
seawater and immediately kept in ice. The samples
were then brought to the laboratory within 7 hours
and kept at 4°C in a fridge.

Measured each in triplicate readings, baseline
physico-chemical parameters were determined during
sampling. Water temperature and dissolved oxygen
was measured using a YSI 556 DO meter. Salinity was
determined using an Atago refractometer. A portable
pH meter (brand) was used to measure pH level. The

amount of total suspended solids from a one-liter

117 | Ayllon et al.



sample was analyzed using gravitational filtration
method.

Sclerite extraction and species identification
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Sclerite extraction was done as described by Janes
(2008). The soft coral samples were soaked in a Petri

dish with pure sodium hypochlorite.
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Fig. 1. Google Earth map showing the sampling sites (star-less wave exposed area; solid circle-wave exposed

area) in Talisayan, Northern Mindanao, Philippines. Inset: map of the Republic of the Philippines with Talisayan

enclosed in a square.

The samples were left for 8 hours with occasional
swirling until tissues were completely dissolved and
bubbles stopped forming at the surface. Sodium
hypochlorite was siphoned using a pipette leaving the
sclerites in the bottom of the test tubes undisturbed.
Sclerites were rinsed by adding 10 mL of pure ethanol
to the tube with gentle stirring, which was repeated
five times to ensure no sodium hypochlorite will

remain on the sclerites.

The sclerites were then stored in a vial containing
pure grade ethanol with the vial sealed using parafilm
and electrical tape. Isolated sclerites were mounted
on a glass slide with a drop of Eukit and viewed under
a stereomicroscope for identification. The book by
Fabricius and Alderslade (2001) was used as

reference for the soft coral identification.

Extract preparation

The methanol extraction of soft corals was done by
following the methods of Phan and Vairappan (2015)
with slight modification. Samples from the freezer
were thawed, individually chopped and soaked in
pure grade methanol at room temperature for seven
days. The individual crude mixture was filtered using

Whatman filter paper (no. 47 mm).

The filtrates were collected in an acid-washed round-
bottom flask and were loaded into the rotary
evaporator. The solvent was removed by rotary
evaporation under reduced pressure (350 mbar) and
at temperature below 40°C for 50-100 rpm. The
residue collected was air-dried for seven days,

weighed and stored in cool dry place.
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The Brine Shrimp Lethality Assay (BSLA)

Following the BSLA of Meyer et al. (1982), the LCso
was determined from the 24-hour counts of Artemia
mortality using probit analysis in SPSS software
version 24 (SPSS, 2016). In case where data is
insufficient for this technique, the dose-response data
were transformed into a straight line by means of
logit transformation. To validate the results, Kruskall-
Wallis H test was done using the same software. The

brine shrimp toxicity assay is as outlined below:

Decapsulation of brine shrimp:About one gram of
Artemia franciscana (heretofore referred to as
Artemia) was strongly aerated in a 1-liter beaker
containing nano-filtered seawater. After one hour, the
cysts were filtered using a 200 pum sieve screen,
washed with clean water. The cysts were suspended in
hypochlorite solution with continuous stirring for 7-
15 minutes depending on color change from brown to
light orange. The cysts were filtered and washed until
the HCI smell was completely removed. The Artemia
cysts were placed in a 1000mL beaker filled with
filtered seawater and was properly aerated for 3 days
which by then nauplii have already emerged from the

cysts.

Dilution series: Using sterilized 10 mL test tubes,
each extract was diluted to 10 pg/mL, 100 pg/mL and
1000 pg/mL. 5o0mg of extracts was dissolved in five
mL methanol (solution A). 0.5 mL of solution A was
pipetted to the tube with 10mL methanol (solution B).
Appropriate amounts of solution (100ul B, 50ul A and
s500ul A for 10 ug/mL, 100 pg/mL and 1000ug/mL)
were transferred and placed in three different vials.
Control vials were prepared using sea water, as well
as methanol, and six replicates were prepared for

each dose level.

Brine shrimp assay: Sterilized clean vials were used
for the bioassay. Each vial was labeled with control
(sterile filtered seawater only), methanol, 10 pg/mL,
100 ug/mlL, and 1000pg/mL respectively. Ten
actively swimming nauplii were pipetted and
transferred to each sample test vial containing the

designated treatment in five mL sterile filtered
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seawater. Each treatment was replicated six times.

The number of mortality after 24 hours was recorded.
All test vials were incubated at room temperature and
under proper illumination. The percentage mortality
rate of brine shrimp nauplii was determined from the
number of dead nauplii, and the LCso was calculated
for each sample. Toxicity grouping was based on
Meyer et al. (1982), in which a substance is
considered highly toxic if LC50 value < 3opg/mL
(ppm), toxic if LC;0 ranges from 30-1000pg/mL
(ppm), and not toxic if LC50 is >1000pg/mL (ppm).

Statistical analysis

The LCso was determined from the 24h counts using
probit analysis in Microsoft Excel 2017. A one-way
ANOVA was conducted on the two sampling points,
comparing the means of mortality percentage from
different treatments, followed by Tukey's multiple
comparison test. A 95% confidence interval was used
to compare toxicities of two population samples. All
statistical analyses were performed using SPSS (SPSS,

2016).

Results

Physico-chemical conditions at the sampling sites

The inner less wave-exposed site was more turbid by
an order of magnitude (56.0 + 26.0 mg/L) compared
to the outer wave exposed site (4.9 + 2.6 mg/L)
(Table 1). Salinity was lower at the inner site (28.7 +
1.5) than at the outer (33.4 + 0.5) site, due perhaps to
the brackish water effluent from semi-intensive fish
ponds near the inner site. Similar water temperature
(in °C) was recorded at inner (30.0 + 0.8) and outer
(29.5 £ 0.2) sites. Dissolved oxygen at the outer site
was lower (4.7 + 0.1) than those at the inner site (6.0
+ 0.7), but similar slightly alkaline pH at inner (9.4 +
0.3) and outer (9.2 + 0.0) sites is attributed to the
groundwater discharge which is very common at both

sites.

Species identification
An overall of 11 species, 6 genera and 4 Families
(Xeniidae, Isisidae, Alcyoniidae, Nephtheida) of soft

corals were identified from the two sampling
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locations (Fig. 2-5). The soft coral species with
sclerites and in situ pictures of colonies found in the
sampling areas were Sarcophyton crassocaule (Fig.
2A), Isis hippuris (Fig. 2B), Cespitularia stolonifera
(Fig. 2C) from the less wave-exposed (inner) site, and

Sinularia polydactyla (Fig. 3A), Sinularia sp. (Fig.

2019

3B), Si. flexibilis (Fig. 3C), Lobophytum crassum
(Fig. 4A), and L. durum (Fig. 4B), S. ehrenbergi (Fig.
4C), S. glaucum (Fig. 5A), and Dendronephthya
hemprichii (Fig. 5B) from the wave-exposed (outer)

site.

Table 1. Values of physico-chemical parameters recorded in the soft corals sampling sites in Talisayan, Northern

Mindanao, Philippines.

Sampling Temperature Salinity Dissolved Oxygen Total Suspended pH
Area (°0) (ppt) (mg/L) Solids (mg/L)

Inner 30.6 30.0 6.6 75-4 9.1
30.2 29.0 5.3 66.2 9.4
20.1 27.0 6.1 26.5 9.6

Average + SD 30.0 £ 0.8 28.7+ 1.5 6.0 £ 0.7 56.0 + 26.0 9.4+ 0.3
Outer 29.6 34.0 4.7 5.7 9.2
29.6 33.2 4.8 2.0 9.2
29.2 33.0 4.6 7.0 9.2

Average + SD 20.5 + 0.2 33.4 £ 0.5 4.7 £ 0.1 4.9+2.6 9.2 +£ 0.0

Brine shrimp lethality bioassay

The efficacy of crude extracts varied significantly over
increasing concentration (p < 0.01 for all). According
to the results of Tukey-Kramer multiple comparison.

The comparisons on the mean of 10 ppm with both

100 ppm (p < 0.01) and 1000 ppm (p < 0.001) were
significantly different, but not significant when mean
of 100 ppm mean was compared with 1000 ppm (p <
0.23).

Table 2. Effect of crude extracts from soft coral species collected at the inner less wave-exposed site and outer

wave-exposed site on Artemia nauplii following the Brine Shrimp Lethality Assay (BSLA).

Area Genera Mean % Artemia Mortality LCso (ppm)
10 ppm 100 ppm 1000 ppm
Inner Sarcophyton crassocaule 81 90 98 0.40""
Isis hippuris 63 80 95 3.6
Cespitularia stolonifera 35 70 92 26.92""
Outer Sinularia polydactyla 22 61 85 63.24""
Sinularia sp. 5 10 42 2754.220t
Sinularia flexibilis 15 27 87 144.54"
Sarcophyton ehrenbergi 65 90 100 4.25""
Sarcophyton glaucum 28 70 85 39.54""
Dendronephthya hemprichii 33 72 90 28.18""
Lobophytum crassum 65 90 100 4.25""
Lobophytum durum 68 90 100 3.45""

Table 2 shows the toxicity grouping of the 11 soft coral
species according to Meyer et al. (1982). All three
species from the inner less wave-exposed site were
highly toxic, while the rest of the eight species from

the outer wave exposed site showed varied results

= highly toxic; ™" = toxic; nt = non-toxic (after Meyer et al. (1982) scheme).

with all three toxicity categories represented. All
results from the sea water and methanol control
treatments showed no Artemia mortality and were
not included in Table 1 but zero values were part of

the probit analysis. It can be noted that Sarcophyton
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crassocaule has the highest toxicity at 0.40 ppm.
Although the three inner species were highly toxic, we
cannot conclude with absolute certainty that location

is a major cause of such high toxicity. This is because

another Sarcophyton (S. ehrenbergi) species from the
wave-exposed site was also highly toxic, but with
higher LCso value of 4.25 ppm than that of S.

crassocatile.
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Fig. 2. Sclerites and in situ colony photographs of 11 soft coral species collected in this study. A. Sarcophyton

crassocaule B. Cespitularia stolonifera C. Isis hippuris.
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Discussion Results from the brine shrimp toxicity

assay in this study indicated the presence of bioactive

species of Alcyonacean soft corals collected appear to

possess toxic compounds which triggered abnormal

compounds in all 11 species of soft corals. Nearly all behavior in the test Artemia  specimen.
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Fig. 3. (continuation) A. Sinularia polydactyla B. Sinularia sp. C. Sinularia flexibilis.
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It is possible that these sub-lethal effects may be due
either to the pharmacological properties of these
compounds or to the relative concentrations of
compounds present in the soft coral tissue. Our
dilution studies demonstrated that even within the
most toxic group of species, toxicity varied and

members of the group could be ranked accordingly.

Of the soft coral species tested Sarcophyton
crassocaule, Lobophytum durum, Isis hippuris, L.
crassum, S. ehrenbergi, Cespitularia stolonifera, and
Dendronephthya hemprichii were highly toxic;
Sinularia flexibilis, Si. polydactyla, and S. glaucum
were considered toxic; and the unidentified species

Sinularia sp. was non-toxic.
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Fig. 4. (continuation) A. Lobophytum crassum B. Lobophytum durum C. Sarcophyton ehrenbergi.
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A major finding that emerged is that the soft corals
examined induced a wide range of responses in the
test organism, as has also been found in other recent
similar studies (Luyao et al., 2019). Responses ranged
from death within a very short period of time (24
hours) to intermediate effects. Many of the
compounds from soft corals are known to play
important ecological roles in the defense against
predation (feeding deterrence and ichthyotoxicity)

and competition for space via allelopathy (Sammarco

and Coll, 1988). It has been found that the water
around the soft corals S. flexibilis, can contain
between 1 of flexibilide and
dihydroflexibilide (Coll et al., 1980). Such levels of

toxins has been shown to induce mortality in several

to 5 mgL?

scleractinian corals enabling the soft coral to exert
influence on neighboring organisms in competition
for space or fouling interactions (Maida et al., 1995;

Maida et al., 2001; Maida et al., 2006).
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Fig. 5. (continuation) A. Sarcophyton glaucum B. Dendronephthya hemprichii.

Studies on several Lobophytum species proved that
this genus contains bioactive compounds such as
alkaloids, terpenoids, steroids, lobane, ceramide,
flavonoids, saponins and phenols (Edrada et al.,
1998; Zhang et al., 2006; Putra et al.,, 2016). The

result of this study agrees with Edrada et al. (1998) in
which, the result on brine shrimp lethality bioassay in
the two Lobophytum species was noted to be highly
toxic with an LCso of 4.25 ppm and 3.45 ppm.

Similarly, Sarcophyton crassocaule in this study is
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also considered highly toxic having an LCso of 0.40
ppm. This species could be a strong candidate as
source of bioactive compounds. The genus
Sarcophyton is known for its wide array of bioactive
components such as sarcophine, diterpene,
cembranoids and steroids (Li et al., 2005; Zhang et
al., 2005; Sheu et al.,, 2011; Abdel-Wahhab et al.,
2012; Zhao et al., 2013; Phan and Vairappan, 2015).

Isis hippuris which has the highest LCso value,
belongs to the family Isiidae. It has been found to
contain cytotoxic sesquiterpenes (suberosenol,
suberosenol A acetate, suberosenol B acetate,
subergorgic acid), which are metabolites known to
exhibit potent cytotoxicity toward P-388, A549, and
HT-29 cancer cell lines (Sheu et al., 2000; Sayuti et
al., 2016). Also, Cespitularia sp. of the Xeniidae
family like many other soft coral taxa, are remarkably
rich in bioactive secondary metabolites (Konig et al.
1989, El-Gamal et al. 2005). On the other hand, the
alcyoniid species of the outer area, Sinularia
polydactyla, Sarcophyton sp. 2, and S. ehrenbergi
were among the first marine taxa that were
systematically screened for secondary metabolites
(Tursch, 1976). Hirono et al. (2003) found in
alcyoniids cembranoid diterpenes which function in
defense, in

(allelopathy),

chemical competition for space
inhibit

reproduction of other organisms such as fishes and

against  fouling, and
some genera of hard corals. Dendronephthya sp.,
which was one of the species of the outer area belongs
to Nephtheidae that has been recognized as rich
sources of novel and diverse chemical structures with
interesting biological activities (Tomono et al. 1999;

Li et al. 2005; Chao et al. 2008).

The broad distribution of toxicity both among and
within genera was demonstrated as well as the trend
from toxic to non-toxic is evident. It is known from
many examples in the terrestrial and marine
environments that toxicity often functions as a non-
energy requiring defense mechanism in prey
(Maiorana, 1979). This chemical defence has been
favored by natural selection among terrestrial plants
and animals such as the monarch butterfly Danaus
starfish

plexippus and the crown-of-thorns
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Acanthaster planci (Coll et al.,, 1983). It has been
suggested that toxicity in non-cryptic sedentary or
sessile marine invertebrates may have evolved via
natural selection due to high intensities of fish

predation (Bakus, 1981; Sammarco et al. 1987).

The setting in the inner area might explain the
occurrence of highly toxic soft corals. Floating
milkfish pens are present very near our sampling
sites, and it is very likely food from these fish cages
lures several species of reef fishes into that area, and
the increased number of grazing fish in that area may

increase the chance of encounter with soft corals.

Therefore, the species of soft corals may be induced to

mass-produce these bioactive substances as
deterrents (Wylie and Paul, 1989; Van Alstyne et al.,
1994; Kelman et al., 1999). On the other hand, the
outer area species of soft corals would still be subject

to predation which explains their toxicity levels.

Conclusion
This study dealt with the toxicity of 11 soft coral
species from Talisayan, Northern Mindanao,
Philippines.

The brine shrimp toxicity bioassay has indicated the
presence of bioactive compounds from soft coral
methanolic crude extracts, which showed positive
toxic results. Samples from the inner less wave-
exposed site produced highly toxic extract,
particularly Sarcophyton crassocaule which had an
LCso of 0.40 ppm. Similarly, crude extracts from soft
corals collected at the wave-exposed area also
exhibited varied toxicity from non-toxic to highly
toxic. These results suggest a good potential in drug
discovery in the 11 soft coral species, and we
recommend further elucidation of the bioactive

compounds from the extracts of these species.
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