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Background: Gorgonians and other octocorals are known to possess a huge array of secondary
metabolites in which sterols are the major group of secondary metabolites apart from sesquiterpenes DOI:

and diterpenes, and the bioactive metabolites could show marked biomedical potential for future drug 10.4103/0973-1296.127345
discovery. Objective: This study was intended for the isolation and identification of sterols from the
octocoral Subergorgia reticulata and to evaluate the anticancer and apoptosis-inducing activities of
the identified sterols through in vitro and in silico approach. Materials and Methods: The organism was
collected from Lakshadweep Island. The isolated sterols were identified using Gas chromatography-
mass spectrometry (GC-MS). The structure was confirmed by using comparison of their spectra
those in National Institute of Standard Technology (NIST) library. The apoptosis inducing effect of
identified sterols were determined by PASS online prediction. /n vitro cytotoxity studies were carried
out using Dalton’s lymphoma ascites cells (DLA) and the cell viability was determined by trypan
blue exclusion method. Results: Six sterols were identified from the soft coral S. reticulata. They
are Cholesta-5,22-diene-3ol (3f), Ergosta-5-22-dien-3ol (33,22E 24S), Cholesterol, 26,26-Dimethyl-
5,24(28)-ergostadien-3p-ol. B-sitosterol, and Fucosterol. /n silico predictions showed that the
identified sterols exhibited remarkable apoptosis agonist activity. The probability of apoptosis
agonist activity were found maximum for 26,26-Dimethyl-5,24 (28)-S. reticulata sterol fractions
isolated were found to be having anticancer activity. Conclusions: These findings suggest that
S. reticulata contained biologically active sterol compounds that may be useful in the treatment
of cancer.
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INTRODUCTION

array of secondary metabolites, mainly terpenes, and the
soft coral group possesses more than 80% of all cnidarian
compounds.! In the marine environment, the success
of defense used by soft corals and gorgonians against

The marine environment is an exceptional reservoir
of bioactive natural products, many of which exhibit

structural and chemical features not found in terrestrial
natural products."! There are more than 6,100 species all
over the wotld, in which corals of the class Anthozoa in
the phylum of Coelenterata are the most dominant benthic
invertebrates living mainly in tropical seas.” Cnidaria,
formerly known as Coelenterata, is one of the largest
among the phylal The phylum Cnidatia possesses an
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consumers and competitors has been attributed to their
production of secondary metabolites, many of which show
predator deterrence and allelopathic activities."!

Sterols are the major group of secondary metabolites
characterizing corals next to sesquiterpenes and diterpenes.
Sterols advocate their dietary inclusion as an important
strategy in prevention and treatment of cancer.” The
“usual” sterols have a 3f-hydroxy-A’- (or A’-) cholestane
nucleus and a C,-C = side chain. There are over 200
such sterols, occurring in marine organisms as complex
inseparable mixtures, and their identification is usually done
by Gas chromatography-mass spectrometry (GC-MS).
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Mounting evidence suggests that phytosterols possess
anti-cancer effects against cancer of the lung”! stomach,!"”
ovary!"!l and estrogen-dependent human breast cancer."” It
has been speculated that phytosterols inhibit the production
of carcinogens, cancer-cell growth, invasion and metastasis,
and promote apoptosis of cancerous cells."”!

Among the genus Subergorgia, very limited studies were
reported on the chemical constituents of S. reficulata.
Presence of few known polyhydroxylated steroids, among
which some exhibited cytotoxic activity, were reported from
S. reticulata™ Yang et al., (2006)!" isolated nine compounds
including three sterols and some alkaloids from S. reficulata.
Apart from this, some diterpenoids and sesquiterpenoid
compounds were also reported from S. reticulatal">"
The present study was aimed for the isolation and
identification of steroids from the S. reficulata collected
trom Lakshadweep Island, Kavaratti and also for the tracing
of the anticancer and apoptosis-inducing activities of the
isolated steroids using iz vitro and #n silico methods.

MATERIALS AND METHODS

Collection of coral

The soft corals were collected from Lakshadweep Islands
during December 2011. The collection was carried out
by Scuba diving in the region at 25 m depth. The soft
coral were collected in a glass bottle and brought to the
shore, washed with fresh water free from detectable other
adhering organisms like algae, cut into thin slices, and
preserved in methanol in a glass bottle. A large specimen
with clear morphological features was separately preserved
in ethanol in small glass container for identification
purpose. The organisms [Figure 1] were brought to the
laboratory for processing.

Identification

The soft corals were identified as S. retzenlata, by Dr. P.A.
Thomas, Emeritus Scientist (ICAR). The voucher
specimen (IUCDMB.R.No. 3) of the soft corals was
preserved in the Inter University Centre for Development
of Marine Biotechnology, Cochin University of Science
and Technology. Taxonomical Details-Kingdom: Animalia;
Phylum: Cnidaria; Class: Anthozoa; Subclass: Octacorallia;
Order: Alcyonacea; Sub order: Scleraxonia; Family:
Subergorgiidae; Genus: Subergorgia.

Extraction, isolation and purification

The extraction of the fragmented organism, S. reticulata
(400 gm), was carried out at room temperature with
methanol for 4 days. The process of extraction was
repeated until, it left negligible residue on removal of the
solvent. The solvent was removed under reduced pressure.

A

Figure 1: The soft coral Subergorgia reticulata

The residue was dissolved in minimum quantity of aqueous
methanol. In an effort to further characterize the chemical
constituents in the original sample, we fractionated the
aqueous methanol sample by solvent partitioning with
hexane. The hexane extracts were combined, concentrated
under vacuum and the hexane soluble portion was washed
with water, dried over anhydrous MgSO, and the solvents
removed under reduced pressure. Column chromatography
of the residue collected from hexane soluble fraction was
done using silica gel with hexane: ethyl acetate on varying
polarity. The fractions were collected and analyzed by Thin
Layer Chromatography (TLC) and GC-MS. The fraction
of 5% ethyl acetate was a mixture of six sterols.

GC-MS analysis

Gas chromatographic analysis was done on Perkin Elmer
Clarus 680 GC-MS equipped with headspace sampler.
Helium was employed as carrier gas and the ionizing voltage
was 70 eV. Oven temperature was programmed from
60°C to 290°C at 10°C min~!, where it remained constant
for 15 min. Injector and detector temperature were kept
constant at 280°C and 290°C, respectively. The column
used was Elite 5MS having 30 m length and 250 pum id.
Mass spectrum of each peak in the total ion chromatogram
was resolved, and it was compared with National Institute
of Standards and Technology (NIST) library spectra for
the identification of the compounds.

Apoptosis inducing effect of identified sterols

Apoptosis inducing effect of the identified sterols from
S. reticulatawas studied using Prediction Activity Spectra of
Substances (PASS). PASS is a software product designed as
a tool for evaluating the general biological potential of an
organic drug-like molecule. PASS provides simultaneous
predictions of many types of biological activity based on
the structure of organic compounds. Thus, PASS can be
used to estimate the biological activity profiles for virtual
molecules, prior to their biological testing.!"¥ It was found
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that the apoptosis inducing effect of identified sterols is
prominent compared to other biological activity predicted
by the PASS software.

In vitro cytotoxicity study

In vitro cytotoxicity studies were carried out using Dalton’s
lymphoma ascites cells (DLA). The tumor cells aspirated
from the peritoneal cavity of tumor bearing mice were
washed thrice with phosphate buffered saline. Cell viability
was determined by trypan blue exclusion method. Viable
cell suspension (1 X 10° cells in 0.1 ml) in phosphate
buffered saline (PBS) was used. Control tube contained
only cell suspension. These assay mixtures were incubated
for 3 hours at 37°C. Further, cell suspension was mixed
with 0.1 ml of 1% trypan blue and kept for 2-3 min and
loaded on a hemocytometer. Dead cells take up the blue
color of trypan blue while live cells do not take up the
dye. The numbers of stained and unstained cells were
counted separately. Five different concentrations of the
sterol fraction were prepared, respectively, as 10 pg ml™,
20 pug ml™", 50 ug ml™', 100 pg ml™", and 200 pg ml™".

Percentage of dead cell =
Number of dead cells
Number of viable cells + Number of dead cells

RESULTS

%100

Silica gel chromatography of the crude residue (4 g)
obtained from hexane soluble fraction was done using
hexane: ethyl acetate solvent composition. GC-MS
analyses of the fractions collected were carried out.
From the 5% ethyl acetate fraction, we identified six
sterols by comparison of their spectra with those in
National Institute of Standard Technology (NIST)
library (version 2.2). The total ion chromatogram
obtained was shown in Figure 2 and the respective mass
spectra of the isolated sterols are shown in Figure 3. The
sterols are 26,26-dimethyl-5,24 (28)-ergostadien-33-ol,
B-sitosterol, cholesta-5,22-diene-30l (3P), cholesterol,
ergosta-5-22-dien 3Bol (3 B,22E 24S), and fucosterol.
Cholesta-5,22-diene-30l (3B) was the maximum
yielded compound by area percentage followed by
ergosta-5-22-dien 3fol (3 B,22E 24S), cholesterol,
26,26-dimethyl-5,24 (28)-ergostadien-3p-ol, B-sitosterol,
and fucosterol. The structures of the sterols were shown
in Figure 4.

The probability of apoptosis inducing effect of identified
sterols from S. reticulata was shown in Figure 5. The
apoptosis agonist activity was found to be maximum
for 26,26-Dimethyl-5, 24 (28)-ergostadien-33-ol (80.3)
followed by Cholesta-5, 22-diene-3-ol (3f), Cholesterol,
Ergosta-5-22-dien 3-ol (33,22E 24S), Fucosterol, and

[-sitosterol. Cholesta-5, 22-diene-30l (3P) is prominent
among the five sterols identified, and the apoptosis agonist
activity was found to be 0.773.

The 5% ecthyl acetate (steroid) fraction collected after the
column chromatography of crude methanolic extract
residue was concentracted under vacuum and the white
residue obtained was weighed, five different concentrations
were prepatred, respectively, as 10 pg ml™', 20 ug ml™,
50 ug ml™', 100 ug ml™', and 200 pg ml™" in Dimethyl
sulfoxide (DMSO). The sterol mixture was studied for short
term zn vitro cytotoxicity. The graph showing the variation of
cell death of tumor cells on increase in concentrations of the
sterol fraction is represented in Figure 6. The study resulted
in significant cell death, it was very clear that the number
of dead cells was increased when the concentraction of the
sterol fraction was increased. Ninety percent cell death was
obseverd at 200 pg ml' concentration of the sterol fraction.
The results are summarized in Table 1.

DISCUSSION

This is the first time reporting the four sterols cholesta-5,
22-diene-30l (3B), ergosta-5-22-dien 3ol (3P,22E 24S),
26,26-dimethyl-5,24 (28)-ergostadien-3[3-ol, and B-sitosterol

Table 1: Anticancer activity of sterol fraction
from Subergorgia reticulata

Concentration of sterol Cell death
fraction in pg ml™' (DLA) %
200 90
100 84

50 65

20 42

10 32

DLA: Dalton’s lymphoma ascites

o 97 147 157 247 297 347 397 27"
5 5 5 5 5 5 5 5

Figure 2: Total ion chromatogram of the sterol fraction isolated
from Subergorgia Reticulata (1. Cholesta-5, 22-diene-3ol (3),
2. Cholesterol, 3. Ergosta-5-22-dien-3-ol (33,22E 248S),
4. 26,26-Dimethyl-5,24 (28)-ergostadien-3-ol, 5. p-sitosterol, and
6. Fucosterol)
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Figure 3: Mass spectrum of sterols isolated from Subergorgia reticulata

from the soft coral S. reticulata. From the in vitro studies,
it is evidenced that almost a saturation value (>85%) was
attained at slightly above 100 pg ml" concentration of the
sterol fraction. The anticancer activities of sterol fraction
isolated from S. reticulata can be due to a natural mixture
of its components, and a single constituent may not have
an activity greater than that of the mixture. Individually,
cholesterol and B-sitostrol were reported for their potential
for apoptosis agonist. B-sitosterol is generally considered
as a phytosterol with chemical structure similar to that
of cholesterol and is the most common sterol in human
diet. Studies have indicated that [-sitosterol can inhibit
the growth of various cultured cancer, and the simulation
of apoptotic cell death.”?! From the PASS prediction,
it is inferred that though P-sitosterol exhibited apoptosis
agonist activity as a natural component in cancer prevention
agreeing with findings of Award ez al., (1996)% it is found
to be the lowest among the sterols studied from §. retzculata.

The apoptosis agonist activity was maximum for
26,26-Dimethyl-5,24 (28)-ergostadien-3 PB-ol and

S68

the probability of apoptosis inducing effect of all
other sterols studies were found to be greater than
70%. There is no proven report for supporting
26,26-Dimethyl-5,24 (28)-ergostadien-3 f-ol,
ergosta-5-22-dien 3-ol (3B,22E 24S), fucosterol, and
Cholesta-5, 22-diene-3-ol (3P) that these are apoptosis
agonist. It has been reported that intracellular cholesterol
accumulation induces apoptosis of pancreatic cells,* it also
support the results with our findings that inducing effect
of cholesterol is prominent with a probability of 0.77.
Fucosterol is the most abundant phytosterol in brown algae
and it was proved that fucosterol containing fraction of
marine algae responsible for cytotoxic effect against breast
and colon catcinoma cell lines.?! There is no evidence
to prove fucosterol itself can induce apoptosis, but the
PASS study conducted here have supported the findings
of Khanavi ez a/.,(2012)P by predicting the probability of
apoptosis inducing effect of fucosterol as 0.763.

Yang ¢t al., (2006)!"! reported the presence of cholesterol
and isofucosterol from the South China Sea gorgonian
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Figure 4: The structures of identified sterols from Subergorgia reticulata
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Figure 5: Apoptosis inducing effect of the six identified sterols (1. Cholesta-5, 22-diene-3-ol (3p), 2. Ergosta-5-22-dien 3-ol (3f3,22E 24S),
3. Cholesterol, 4. 26, 26-Dimethyl-5, 24 (28)-ergostadien-3f-ol, 5. -sitosterol, and 6. Fucosterol)

coral §. reticulata with seven other compounds. Li
et al.,(2005)*! and Hsu ez al.,(2005)% investigated that
anticancer activity of some therapeutic substances is
involved in the induction of apoptosis which can be used
for cancer control. This is in accordance with our findings
that apoptosis induction of these sterol molecules
found to be anticancer agents. Induction of apoptosis
in cancer cells is one useful strategy for anticancer drug
development.P’)

It has been realized well in case of octocorals that de novo
biosynthesis is an important mechanism.” However, the
alternative possibility must be considered that they are able
to absorb sterols from food which may well comprise of
largely plankton and small crustacean species that are rich
in sterols.?*" Since soft corals are associated with plankton
and micro organisms, the contribution of sterols from
their part cannot be omitted. Biosynthesis of sterol from
this soft coral, S. reticulata is yet to be investigated®" and it
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In vitro cytotoxicity study
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Figure 6: Effect of the application of the sterol fraction from S.
reticulata on the tumor cells. Cell viability was determined by trypan
blue exclusion method

could be beneficial to know the sterol pathway to provide
additional clues to understand its role in reproduction,
chemical signaling or as defensive metabolite.

CONCLUSIONS

The apoptosis inducing effects and 7z vitro cytotoxicity
studies of identified sterols from the soft coral . reticulata
were investigated. A significant apoptosis inducing effect
was observed for each compound and it is the primary
screening of pharmacological potential of sterols that we
had identified. However, the determination of apoptosis by
in silico may be considered as an indirect method, comparing
to those performed in tissues. The cytotoxic results of this
sterol compounds mixture confirm it as a natural potent
chemopreventive and chemotherapeutic agent. In contrast,
this apoptosis inducing effect was apparent when measured
using PASS, online prediction assay give us an idea about
the possibility for the development of an anticancer drug,
and still more 77 vivo studies are required to prove the
potentiality for an anticancer drug from the marine soft
coral S. reticulata.
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