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Abstract. Jahajeeah D, Bhoyroo V, Ranghoo-Sanmukhiya M. 2023. Antimicrobial properties and metabolite profiling of the ethyl acetate
fractions of Sinularia polydactyla and Cespitularia simplex surrounding Mauritius Island. Indo Pac J Ocean Life 7: 133-142. Soft corals
form an integral part of the reef ecosystem. This study assessed the antibacterial activities of Mauritius Island's soft corals and their
different natural compounds having important biological properties. Antimicrobial assays and GCMS-MS analysis were performed
using ethyl acetate extracts of Sinularia polydactyla and Cespitularia simplex. The results for both species indicated significant activity
against most clinically pathogenic bacterial strains tested. In addition, S. polydactyla and C. simplex extracts gave the most potent action
spectra yielding the largest inhibition zone diameter, especially against the Gram-positive Staphylococcus aureus (8.73 + 2.87 and 6.00
+ 1.20 mm), respectively. The MIC also confirmed that the Gram-positive Bacillus subtilis and S. aureus strains were the most
susceptible bacteria when exposed to the soft coral extracts, while Pseudomonas aeruginosa and Escherichia coli were the most
resistant Gram-negative strains. The biochemical profile of the extracts showed the presence of terpenoids, steroids, flavonoids,
coumarins, and quinones. GCMS-MS analysis also identified 151 compounds in S. polydactyla and 91 compounds in C. simplex.
Several previously published studies have shown the biological activities of different species of Cespitularia; however, this is the first
study to demonstrate the antibacterial activity and compound profiling of C. simplex. Although studies have been carried out on S.
polydactyla extracts, compounds such as 25-Hydroxycholesterol and spathulenol have not yet been reported. The results from the study
suggest that both S. polydactyla and C. simplex are potential sources of novel antibiotics and possess a myriad of chemical compounds

which may lend themselves to bioprospecting.
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INTRODUCTION

Soft corals have been studied since the nineteenth
century as a natural product source (Aratake et al. 2012).
Extreme ocean conditions change can lead marine
organisms such as soft corals to synthesize various natural
biological and chemical products. Soft corals, sessile
organisms, have strong chemical defense systems, which
produce diverse and complex secondary metabolites
(Choudhary et al. 2017; Kusmita et al. 2021;Nurrachma et
al. 2021). Over the past 50 years, more than 20,000 natural
products have been reported in the marine environment
(Blunt et al. 2017). The soft corals' bioactive secondary
metabolites, such as terpenoids, cembranoids, and steroids,
have exhibited interesting biological properties, including
cytotoxic, antifungal, antibacterial, anti-inflammatory, and
antifouling activity (Carroll et al. 2020; Tammam et al.
2020). The bioactive compounds found in soft corals have
antibacterial properties against a wide range of Gram-
positive and Gram-negative bacteria. More than 5,800
secondary metabolites are produced by soft corals (Li et al.
2019), including unique fatty acids, terpenoids, quinones,
alkaloids, glycosides, and steroids (Ermolenko et al. 2020).
The most studied soft coral species for its bioactive

compounds is Sinularia sp. This soft coral contains toxins
such as diterpenes, sesquiterpenes, norditerpenes,
polyhydroxylated steroids, and polyamine compounds,
which have been used for drug development (Chen et al.
2012).

The inhibitory activity of these bioactive compounds
varies across different bacterial species (Tanod et al. 2018).
In addition, the polarity of compounds plays a role in the
sensitivity of bacteria. Gram-negative bacteria are
generally sensitive to polar antimicrobial compounds,
whereas Gram-positive are more sensitive to non-polar
antibacterial compounds. The variation in sensitivity of
different bacteria is mainly due to the cell wall structure.
The outer membrane observed in Gram-negative bacteria is
the main reason for the resistance to a wide range of
antibiotics (Breijyeh et al. 2020). Moreover, differences in
antibacterial activity can be observed within the same soft
coral species. A plausible explanation could be the
environmental factors that might affect the bioactive
compounds present in the organism (Tanod et al. 2018).

Antimicrobial resistance is a worldwide phenomenon,
which includes Mauritius Island.  Although non-
communicable diseases remain the leading cause of death
in Mauritius, an increase in deaths due to infectious
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diseases has also been recorded in recent years (MNAP
2017). The AMR global surveillance report revealed 43.5%
and 57.6 % resistance of Escherichia coli to 3 generation
cephalosporins and fluoroquinolones, respectively. Those
reports also stated 55.8% and 1.9% resistance of Klebsiella
pneumoniae to 3™ generation cephalosporins and
carbapenems, and lastly, 51.5% resistance of
Staphylococcus aureus to methicillin in Mauritius during
one month in 2012 (MNAP 2017). Thus, searching for
novel antimicrobial compounds is very important for the
well-being of humanity. Furthermore, Mauritius is known
to have one of the world's largest Exclusive Economic
Zones (EEZ), extending over a surface area of 1.9 million
km2 However, it has not yet been fully exploited.
Undoubtedly, the soft marine corals in this area hold
potential pharmaceutical drugs and must be inventoried for
their antimicrobial and other biological properties.

Previous research showed that Sinularia sp. has
antibacterial potential (Afifi et al. 2016; Tanod et al. 2018).
However, until now, no work has been carried out on the
antimicrobial properties and the chemical profiling of
Sinularia polydactyla and Cespitularia simplex around
Mauritius Island. S. polydactyla and C. simplex are the
most abundantly present soft corals around Mauritius
(Jahajeeah et al. 2021). Compounds, such as spathulenol,
25-hydroxycholesterol, batilol, and others, were identified
on GCMS analysis and have been reported from S.
polydactyla and C. simplex for the first time. This study
demonstrated the antimicrobial properties of soft corals
from Mauritian waters and identified the compounds with
myriad biological importance.

MATERIALS AND METHODS

Study area

Samples of the two soft corals, S. polydactyla and C.
simplex, were collected from Albion (57°24'2.99"E:
20°12'42.01"S) and Pereybere (57°35'19.21"E:
19°59'56.67"S) (Figure 1). Both samples were collected at
less than 2 m depth during low tides. They were transferred
to the lab in zip-lock bags containing seawater, where they
were cleaned and frozen at -80°C before a freeze-drying
step. The soft corals were previously identified at the
molecular level using the COI-COIIl intergenic spacer
marker (Jahajeeah et al. 2021).

Extract preparation

The soft corals were cut into small pieces, weighed, and
freeze-dried. The freeze-dried soft corals (70-200g) were
exhaustively macerated with ethyl acetate for 48 h. Next,
the solution was filtered and evaporated using a rotatory
vacuum evaporator set at a temperature of 55°C. The
obtained extracts were weighed and stored in sterile
corning tubes at 4°C. Finally, the crude extracts were
stored for phytochemical and antimicrobial analyses
against selected bacteria and GCMS-MS analysis.
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Microorganisms and Inoculum preparation

The following microbial strains were obtained from the
American Type Culture Collection (ATCC): Bacillus
subtilis (ATCC 6633), S. aureus (ATCC 51153), E. coli
(ATCC 25922) and Pseudomonas aeruginosa (ATCC
27853). All isolates were maintained in nutrient broth at
4°C. The strains were activated by subculture at 37°C for
24 h with fresh Muller Hinton agar (MHA) prior to any
antimicrobial tests.

Antibacterial activity

The in vitro antibacterial activity of the soft coral
extracts total crude extracts was evaluated using the disc
diffusion method using Mueller—Hinton agar with the
determination of inhibition zone diameters measured in
millimeters (mm) (CLSI 2008). Bacterial cultures were
adjusted to a turbidity of 0.5 McFarland (absorbance 0.08—
0.1 at 600 nm), and 100 pL of the standardized test strain
cultures were plated onto Muller—Hinton agar using an
inoculating loop. The plates were dried for approximately
15 min and then used for the sensitivity test. Sterile filter
paper discs were saturated with 10 pL of the soft coral
extracts and then placed on inoculated Petri dishes. A
negative control (ethyl acetate) and a positive control
(chloramphenicol) were used for each bacterial strain. All
the tests were carried out in triplicate to ensure reliable and
accurate results. The plates were inverted and incubated at
37°C for 18 to 24 h. The inhibition zone diameter defines
active or inactive soft coral extracts.
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Figure 1. A. Location of Mauritius in the Western Indian Ocean;
B. Location of the sample collection sites, Albion and Pereybere
around Mauritius Island, with representative images of the soft
coral colonies S. polydactyla and C. simplex present at each
sample site
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Determination of minimal inhibitory concentration

The soft coral extracts which showed the ability to
inhibit the growth of microorganisms were tested for their
Minimum Inhibitory Concentration (MIC) using the
microdilution technique (Eloff 1998). Test strains were
cultured as before and were diluted to a concentration of
1 x 10® CFU/mL and plated on sterile 96 well microplates.
All the wells used were filled with 100 pL. of Muller-
Hinton broth (MHB) except the negative control, which
contained only 100 pL of solvent and 100 pL of bacteria.
Each sample consisted of 4-5 replicates, with the 5" row
containing 10 mg/mL chloramphenicol as the positive
control. Apart from the negative control, all the wells were
two-fold serially diluted. In addition, 100 pL of inoculum
was added to each well, making a total volume of 200 pL.
The last column contained only MHB and the inoculum as
the control. The microplate was incubated at 37°C for 24 h.
P-iodonitrotetrazolium chloride (0.2 mg/mL) was used to
indicate microbial growth. Viable bacteria reduced the
yellow dye to pink color.

Biochemical analysis

The ethyl acetate aqueous extracts were subjected to
several chemical tests to evaluate the presence of secondary
metabolites such as alkaloids, flavonoids, saponins,
tannins, phenols, anthraquinones, steroids, coumarins, and
terpenoids using standard procedures described by Deyab
et al. (2016).

GCMS-MS analysis and Compound identification

GCMS carried out the identification and analysis of
chemical compounds in the crude extracts. The GC-MS
Shimadzu model GC 2010 was used. Exactly 1 pL of the
sample was injected in the GC column (SP®-2560; fused
silica, 100mx0.25mmx0.2um, Sigma-Aldrich). Helium
was used as the carrier gas at a working constant flow rate
of 1 mL/min. The injection volume was 1.0 uL, the
injection temperature was 250°C, and the interface
temperature was 250°C. The injection took place at an
initial oven temperature of 60°C maintained for 5 min, and
raised at a rate of 15°C/min till 165°C. That was
maintained for 1 min and then raised to 225°C for 20 min
at a rate of 2°C/min. Identification of components was
achieved based on their retention indices, and the mass
spectra were interpreted using the National Institute of
Standards and Technology (NIST) database, Wiley library,
and GC/MS Forensic Toxicological Database. Each of the
compounds identified was verified for their biological
importance through published data, and the structure of the
biologically important compounds was obtained from
NIST.

RESULTS AND DISCUSSION

Antibacterial activity

Both S. polydactyla and C. simplex ethyl acetate
extracts showed significant activity against the bacterial
strains. The S. polydactyla extract had greater antibacterial
activity than the C. simplex extract against the pathogenic
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strains B. subtilis, S. aureus, E. coli, and P. aeruginosa.
The S. polydactyla extract had the most potent action
spectra, yielding the largest inhibition zone diameter,
especially against the Gram-positive strain S. aureus (8.73
* 2.87 mm). C. simplex showed high inhibition against S.
aureus (6.00 £ 1.20 mm) compared to the other bacterial
strains. The positive control chloramphenicol showed an
inhibition zone diameter of 13.0 £ 1.41 against S. aureus,
similar to the inhibitory effect of the S. polydactyla extract.
Low antibacterial activity (1.80 * 1.93 mm) and no
inhibition were observed for Gram-positive E. coli by S.
polydactyla and C. simplex, respectively, when compared
to the positive control, which showed the highest inhibition
zone diameter of 22.0 £ 2.82 mm (Figure 2).

Minimum Inhibitory Concentration (MIC)

The antibacterial activity of each soft coral extract was
further probed to determine its MIC using the micro-
dilution assay. The MIC of C. simplex for E. coli was not
performed due to the absence of an inhibition zone using
the agar disc diffusion method. The S. polydactyla extract
had the highest inhibitory effect on the Gram-positive
strains S. aureus and B. subtilis, with a MIC value of 3.26
mg mL™. E .coli and P. aeruginosa seemed less sensitive,
with a MIC value of 6.51 mg mL. Similarly, the ethyl
acetate extract of C. simplex showed a higher inhibitory
effect on S. aureus and B. subtilis, reporting a MIC value of
1.59 mg mL™, while P. aeruginosa seemed less sensitive,
with a MIC value of 6.35 mg mL* (Table 1). The MIC data

confirmed that Gram-positive bacteria were more
susceptible than Gram-negative bacteria.
Biochemical analysis

The soft coral extracts were screened for their

biochemical components using standard protocols. Both S.
polydactyla and C. simplex showed similar results (Table
2). The presence of terpenoids, steroids, flavonoids,
coumarins, and quinones was recorded for both soft corals.
However, Alkaloid was only recorded in the S. polydactyla
extract.
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Figure 2. Antimicrobial activity of the two soft coral extracts on
different bacteria



136

GCMS-MS result of soft corals

The current study determined the GCMS-MS spectra of
the ethyl acetate extracts of the two soft corals. The
compounds identified through the GCMS-MS system were
classified into different classes based on their biosynthetic
origins: terpenoids, sesquiterpenoids, fatty acid derivatives,
sterols, pyrans, alkaloids, ketones, aldehydes, and
naphthalene derivatives, with each having a specific
retention time. GCMS-MS analysis identified 151
compounds in the S. polydactyla ethyl acetate extract and
91 compounds in the C. simplex ethyl acetate extract.
Sesquiterpenoids (23.84% and 28.60%, respectively) were
the class of the most dominant compound found in S.
polydactyla and C. simplex. The compounds produced by
the studied soft corals also possess biological activities
(Tables 3 and 4).

One hundred and fifty-one compounds were identified
in the S. polydactyla ethyl acetate extract, and 50
compounds were found to have biological properties based
on previous literature. Of the 50 compounds, 21% had
antimicrobial properties (antibacterial, antiviral, and
antifungal), 18% and 16% had anti-inflammatory and
anticancer properties, respectively, and 45% had other
biological properties such as antiarthritic, anti-
hypercholesterolemic, and anti-oxidative. For the soft coral
C. simplex, out of the 91 compounds, 17 were found to
have biological properties. Of the 17 biologically important
compounds, 24% were found to have anti-inflammatory
activities, while 17% and 10% had antimicrobial and
anticancer properties, respectively. In addition, 49% had
other important biological activities such as application in
neurodegenerative diseases, treatment of hepatitis, and
many more (Figure 3).

Discussion

The current study was conducted to screen the ethyl
acetate extracts of Mauritius's most abundant soft corals
and test their inhibitory potential on the growth of
pathogenic bacterial strains. The soft corals S. polydactyla
and C. simplex were selected as they have 100% coverage
at the selected sites. S. polydactyla formed large colonies of
about 2.5 m at Albion, and C. simplex grows extensively on

(S

Biological properties of S. polydactyla
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the rocks at Pereybere. The results indicated that the ethyl
acetate extracts of S. polydactyla and C. simplex possess
antibacterial activity against most of the tested bacterial
strains. Moreover, the data obtained from the Disc
diffusion and MIC showed that the Gram-positive strains
B. subtilis and S. aureus were the most susceptible to the
soft coral extracts, while P. aeruginosa and E. coli were the
most resistant Gram-negative strains. Soares et al. (2012)
reported that Gram-negative bacteria have a unique outer
membrane that prevents certain drugs and antibiotics from
entering the cell, making them less susceptible. However,
the bacteria are not completely protected even with a
double membrane.  Gram-negative  bacteria  have
hydrophilic ends such as carboxyl, amino acids, and
hydroxyl, thus making them more sensitive to polar
compounds (Madigan et al. 2000).

Table 1. MIC values of both S. polydactyla and C. simplex
extracts against pathogenic bacteria.

Samples
Bacteria Sinularia Ces_pitularia
polydactyla simplex
(mg mLY) (mg mLY)
Escherichia coli 6.51 -
Staphylococcus aureus 3.26 1.59
Pseudomonas aeruginosa 6.51 6.35
Bacillus subtilis 3.26 1.59

Table 2. Biochemical components in the soft coral extracts.

. . Sinularia Cespitularia
Biochemical tests polydactyla simplex
Alkaloids + -
Terpenoids + +
Steroids + +
Tannins - -
Saponins - -
Flavonoids + +
Phenols - -
Coumarins + +
Quinones + +
Glycosides - -

Note: +: Present/detected, -: Absent/Not detected

N4

Biological properties of C. simplex

Figure 3. Biological properties of the ethyl acetate extracts of Sinularia polydactyla and Cespitularia simplex
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Table 3. Biological properties of the compounds found in the Sinularia polydactyla extract
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Biochemical compound

Biological properties

References

Caryophyllene

1H-Cycloprop[e]azulen-7-ol, decahydro-1,1,7-
trimethyl-4-methylene-/ Spathulenol
(E)-p-Famesene

1,4,7-Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-
7-epi-cis-Sesquisabinene hydrate

Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-
methylene-, [S-(R*,S*)]-

B-Bisabolene

Caryophyllene oxide

1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)-

12-oxabicyclo[9.1.0]dodeca-3,7-diene, 1,5,5,8-
tetramethyl-,[1R-(1R*, 3E, 7E, 11R*)]
Tetracyclo[6.3.2.0(2,5).0(1,8)]tridecan-9-ol,
4,4-dimethyl-

1,2-15,16-Diepoxyhexadecane

1-Naphthalenol, 1,2,3,4,4a,7,8,8a-octahydro-1,6-
dimethyl-4-(1-methylethyl)-, [1R-(1a,4p,4ap,8ap)]-
Ar-Turmerone

alpha-Bisabolol

Curlone

2-Methyltetracosane
7-Isopropenyl-1,4a-dimethyl-4,4a,5,6,7,8-
hexahydro-3H-naphthalen-2-one / a-cyperone
Jasmolin Il

n-Butyl laurate

Heptadecane
3,7,11,15-Tetramethyl-2-hexadecen-1-ol /
Phytol

2-Pentadecanone, 6,10,14-trimethyl-
Bicyclo[7.2.0Jundec-4-ene, 4,11,11-trimethyl-
8-methylene-,[1R-(1R*,4Z,95*)]-
n-Hexadecanoic acid

2-Nonadecanone
Andrographolide

Thunbergol

(-)-Neoclovene-(ll), dihydro-
n-Nonadecanol-1

Cyclohexane, 1-ethenyl-1-methyl-2,4-bis(1-
methylethenyl)-

cis-(Z)-alpha-Bisabolene epoxide
2-Methyltetracosane

Aromadendrene oxide 2

Retinal
Ergost-25-ene-3,6-dione,5,12-dihydroxy(5alpha, 12beta)-
1-Heptatriacotanol

Tetratetracontane
trans-Z-a-Bisabolene epoxide
25-Hydroxycholesterol
17-Pentatriacontene

Batilol
6beta-Hydroxymethandienone
1,6,10,14,18,22-Tetracosahexaen-3-ol,
2,6,10,15,19,23-hexamethyl-, (all-E)-
Cholesterol

9,12-Octadecadienoic acid (Z,2)-
Isoaromadendrene epoxide

Anti-inflammatory, antimicrobial, anticancer

Antimicrobial, anti-proliferative, anti-inflammatory,
immunomodulatory activities

Application in neurodegenerative diseases as an alarm
pheromone

Anti-aging, anti-hyperlipidemia, antimicrobial activities
Anticancer

Anti-viral

Anti-cancer

Anticancer, antifungal, anti-coagulant, anti-inflammatory
Anti-trypanosomal activity, antimicrobial, anti-biofilm, anti-
oxidative, anti-parasitic, skin-penetration enhancer, skin-
repellent, anti-nociceptive, anti-inflammatory, anticancer
Antimalarial activities

Antifungal

Anti-tumorigenic, anti-inflammatory
Anti-fungal

Antitumor, neuroprotective effect, anti-dermatophytic
activity

Anti-inflammatory, anti-tumorigenic, anti-spasmodic,
relaxant

Anticancer, anti-inflammatory

Free radical scavenging activity

Anti-virulence, anti-genotoxic, antibacterial, anti-
depressant, anticancer

Insecticidal activity

Antimicrobial activity

Anti-inflammatory, sex pheromone
Anti-hyperalgesic, anti-inflammatory, antiarthritic,
antimicrobial, anticancer

Antimicrobial

Anti-inflammatory, anti-carcinogenic, antibiotic,
antioxidant, and local anesthetic properties
Anti-inflammatory, antioxidant, hypocholesterolemic
nematicide, pesticide, anti-androgenic flavor, hemolytic,
5-alpha reductase inhibitor, potent mosquito larvicide
Anti-inflammatory, anti-depressant, anti-dementia
Antidiabetic potential, treatment of hepatitis, anti-
inflammatory, antioxidant, antineoplastic properties,
antibacterial

Antibacterial activity

Antimicrobial

Cytotoxic activity

Anticancer,

Anti-inflammatory

Anti-leishmania activity

Free radical scavenging activity

Anti-cancer

Anti-bacterial

Anticancer

Anti-hypercholesterolemic, antioxidant, anticancer,
anti-inflammatory, sex hormone activity
Antibacterial

Anti-inflammatory

Antiviral effect (on SARS-CoV-2 infection as well)
Anti-inflammatory, anticancer, antibacterial, antiarthritic
Anti-bacterial

Growth hormone

Anti-inflammatory, antiarthritic, antimicrobial, anti-
tumorigenic, anti-protozoal, chemopreventive
Membrane fluidity

Antibacterial, anti-inflammatory

Antimicrobial, antioxidant, anti-inflammatory

4-1sopropenyl-4,7-dimethyl-1-oxaspiro[2.5]octane Antimicrobial

Campesterol
Lupeol

Anti-inflammatory, decrease LDL cholesterol
Anticancer, anti-inflammatory, cardioprotective agent

Dahham et al. (2015),
Hameed et al. (2016)

Goud et al. (2002), Ziaei et al.
(2011), Tan et al. (2016)
Russo and Marcu (2017)

Mohammad et al. (2016)
Shareef et al. (2016)
Joshi et al. (2020)

Yeo et al. (2016)
Sain etal. (2014), Fidyt et al. (2016)
Chan et al. (2016)

Da Silva et al. (2004)
Narayanasamy et al. (2011)

Shareef et al. (2016)
Chang et al. (2008)

Mukda et al. (2013),
Saga et al. (2020)
Kamatou and Viljoen (2009)

Aggarwal et al. (2013)
Malarvili et al. (2015)
Xia et al. (2020)

Godin et al. (1965)
Kav¢ic et al. (2013)
Kim et al. (2013)
Carvalho et al. (2020),
Willie et al. (2021)
Olaoye et al. (2017)
Legault et al. (2013)

Aparna et al. (2012), Abubakar
et al. (2016)

Lee and Hyun (2018)
Brahmachari (2017);

Girish and Pradhan, (2017);
Burgos et al. (2020)

Salem et al. (2014),

Miti¢ et al. (2019)

Venkata Raman et al. (2012)
Bernardini et al. (2018)
Jiang et al. (2017),

Xie et al. (2020)
Rodriguez-Chaves et al. (2018)
Malarvili et al. (2015)
Pavithra et al. (2018)
Pechére et al. (1999)
Saravanan et al. (2021)
Mohammad et al. (2016);
Junwei et al. (2018)
Gumgumjee and Hajar (2015)
Altameme et al. (2016)

Zu et al. (2020)
Dineshkumar et al. (2018)
Hassan et al. (2016)
Hooijerink et al. (1999)
Jenecius et al. (2012)

Kohlmeier, (2013)
Rosselli et al. (2007)
Hameed et al. (2016)
Rahman et al. (2014)
Yuan et al. (2019)
Saleem (2009)
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https://www.frontiersin.org/articles/10.3389/fpls.2019.00027/full#B49
https://academic.oup.com/jee/article-abstract/58/3/548/790248
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Table 4. Biological properties of the compounds from C. simplex extract
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Biochemical compound

Biological properties

References

(E)-p-Famesene

B-Elemene
Andrographolide

1H-Cycloprop[e]azulen-7-ol, decahydro-
1,1,7-trimethyl-4-methylene-, [1ar-
(1a.alpha.,4a.alpha.,7.beta., 7a.beta., 7b.alpha.)
-/ (-)-Spathulenol

Viridiflorol

trans-Z-a-Bisabolene epoxide
Thunbergol
1-Heptatriacotanol

Limonen-6-ol, pivalate

a-Bulnesene

1-Heneicosanol

Isoaromadendrene epoxide
6-epi-Shyobunol
2-Dodecen-1-yl(-)succinic anhydride

2(3H)-Benzofuranone, 6-
ethenylhexahydro-6-methyl-3-methylene-
7-(1-methylethenyl)-, [3aS-
(3aa,60,7p,7aB)]-

Aromadendrene oxide 2
Bicyclo[4.4.0]dec-2-ene-4-ol, 2-methyl-9-
(prop-1-en-3-ol-2-yl)-

Application in neurodegenerative diseases

As an alarm pheromone

Anticancer, anti-inflammatory

Antidiabetic potential, treatment of hepatitis,
anti-inflammatory, antioxidant, antineoplastic
properties, antibacterial

Antimicrobial, anti-proliferative, anti-
inflammatory, immunomodulatory activities

Antimycobacterial, anti-inflammatory,
Antioxidant activity

Anti-inflammatory effects

Antibacterial activity
Anti-hypercholesterolemic effects, antioxidant,
anticancer, anti-inflammatory, sex hormone
activity

Antioxidant, anti-inflammatory, insect
repellent activity

Paf inhibitor

Antibacterial activity

Antimicrobial, antioxidant, anti-inflammatory
Anti-inflammatory, antimicrobial, antioxidant
Antineoplastic agents, antioxidants,
antimicrobial activity

Anticancer activity

Anti-cancer
Local anesthetic, anti-inflammatory

Russo and Marcu (2017)

Jiang et al. (2017), Xie et al. (2020)
Brahmachari (2017),

Girish and Pradhan (2017);

Burgos et al. (2020)

Goud et al. (2002), Ziaei et al. (2011),
Tan et al. (2016)

Trevizan et al. (2016)

Altameme et al. (2016)

Salem et al. (2014); Miti¢ et al. (2019)
Mohammad et al. (2016)

Junwei et al. (2018)

Mohammad et al. (2016)

Tsai et al. (2007)
Arancibia et al. (2016)
Hameed et al. (2016)
Shareef et al. (2016)
Tanod et al. (2019)

Alotaibi et al. (2021)

Pavithra et al. (2018)
Shareef et al. (2016)

The ethyl acetate extract from S. polydactyla, a polar
compound, showed a noticeable inhibition zone against E.
coli and P. aeruginosa. The work by Afifi et al. (2016) on
the antimicrobial properties of S. polydactyla reported
effective inhibitory activity in Gram-positive bacterial
isolates (Bacillus sp. and S. aureus). Rozirwan et al. (2014)
also reported antibacterial activity against E. coli and S.
aureus from the semi-polar (EtOAc) and polar (MeOH)
fractions of S. polydactyla. However, Shaaban et al. (2013)
showed that the crude extracts and isolate compounds from
S. polydactyla showed no antibacterial activities against a
wide range of bacterial strains, some of which included B.
subtilis, S. aureus, and E. coli.

Extracts of C. simplex showed antibacterial activities
against S. aureus, B. subtilis, and P. aeruginosa but no
antimicrobial activity against E. coli in this study. The
ethyl acetate extract of C. simplex showed the highest
inhibition zone to S. aureus. As an antibacterial control, the
chloramphenicol inhibition zone diameters for the test
bacteria were greater than those of both soft coral extracts.
The ethyl acetate extract of S. polydactyla confirmed the
presence of multiple compounds responsible for various
biological activities, with the most prominent ones being
the sesquiterpenoids. Khalesi et al. (2008) also reported

that more than 60% of the studied soft coral species of
Sinularia contained terpenoid compounds. Additionally,
Yan et al. (2021) showed that the genus Sinularia is well-
known for producing different complex secondary
metabolites, such as sesquiterpenes (10%), diterpenes
(46%), norsesquiterpenes (2%), norditerpenes (9%),
steroids/steroidal glycosides (22%), and other types (11%)
which exhibit a wide range of biological activities
including antimicrobial. Caryophyllene, spathulenol, 1,4,7,-
Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-, 1,6,10-
Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)-, a-Cyperone, n-
Butyl laurate, Phytol, 2-Pentadecanone, 6,10,14-trimethyl-,
Andrographolide, Thunbergol, (-)-Neoclovene-(I1), dihydro-,
Retinal, Tetratetracontane, 17-Pentatriacontene, Batilol,
9,12-Octadecadienoic acid (Z,2)-, lIsoaromadendrene
epoxide, 4-Isopropenyl-4,7-dimethyl-1-oxaspiro[2.5]octane
identified from the GCMS profile of S. polydactyla are
known for their antimicrobial properties. The presence of
these compounds is accountable for the antimicrobial
activities of S. polydactyla extract against B. subtilis, S.
aureus, E. coli, and P. aeruginosa.

Interestingly, B-caryophyllene was previously isolated
from soft coral S. gibberosa, and S. nanolobata were found
to possess anticancer properties (Ahmed et al. 2004; Chen
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et al. 2006). Spathulenol is a rare sesquiterpenoid
compound with multiple biological properties found in
Eucalyptus spathulata and isolated from S. kavarattiensis
(Goud et al. 2002). Spathulenol has been recorded
previously in S. mayi (Beechan et al. 1978). However, until
now, no reports have been available on the presence of
spathulenol in S. polydactyla. Finally, Andrographolide,
labeled as a prospective pharmaceutical entity, principally
isolates from the medicinal plant Andrographis paniculata,
has been detected in the ethyl acetate extract of S.
polydactyla from Mauritius. Andrographolide possesses
anti-inflammatory, anticancer, antibacterial, and antiviral
properties (Brahmachari 2017). Miti¢ et al. (2019) reported
that diterpene alcohol thunbergol might have important
antimicrobial properties, and this compound might have
contributed to the antimicrobial effect against the tested
bacterial isolates.

Thunbergol has been detected in the soft coral eggs of
Lobophytum compactum and L. crissum and is reported to
have Antioxidant potential (Sammarco and Coll 1992; Coll
et al. 1985). The compound Batilol was previously
identified in the soft coral L. pauciflorum and has been
shown to have antibacterial activity against B. subtilis,
Sarcina lutea, and Candida albicans (Hassan et al. 2016).
It was also isolate from the Egyptian soft coral Heteroxenia
fuscescens (Abdelkarem et al. 2021). However, these
compounds have never been reported previously in S.
polydactyla. I1soaromadendrene epoxide has been reported
from the extract of C. stolonifera but not in any Sinularia
sp. and C. simplex. The compounds 1,4,7,-
Cycloundecatriene, 1,5,9,9-tetramethyl-, Z,Z,Z-, 1,6,10-
Dodecatrien-3-ol, 3,7,11-trimethyl-, (E)-, a-Cyperone, n-
Butyl laurate, Phytol, 2-Pentadecanone, 6,10,14-trimethyl-,
(-)-Neoclovene-(11), dihydro-, Retinal, Tetratetracontane,
17-Pentatriacontene, 9,12-Octadecadienoic acid (Z,2)-, 4-
Isopropenyl-4,7-dimethyl-1-oxaspiro[2.5]octane, all possess
antimicrobial activity. However, they have not yet been
reported in soft corals for their antimicrobial properties.

The S. polydactyla ethyl acetate extract possesses other
metabolic compounds which are well known for their
biological activities. 25-Hydroxycholesterol was detected
in the extract, and this molecule has been found to have an
antiviral effect on SARS-CoV-2 infection in vitro (Zu et al.
2020). Cyclohexene, 3-(1,5-dimethyl-4-hexenyl)-6-
methylene-, [S-(R*,S*)]- has also been reported to have
antiviral properties (Joshi et al. 2020). Some of the
compounds have been reported to have various properties.
For example, 1,6,10-Dodecatrien-3-ol, 3,7,11-trimethyl-,
(E)- has properties ranging from anti-trypanosomal,
antimicrobial, anti-biofilm, Antioxidant, anti-parasitic,
skin-penetration  enhancer,  anti-nociceptive,  anti-
inflammatory to anticancer (Chan et al. 2016). Besides
having anti-inflammatory, Antioxidant, anti-androgenic
properties, N-Hexadecanoic acid has been shown to be a
potent pesticide and larvicide (Aparna et al. 2012;
Abubakar et al. 2016). Moreover, Bicyclo[7.2.0]Jundec-4-
ene, 4,11,11-trimethyl-8-methylene-,[1R-(1R*,4Z,95*)]-
has local anesthetic properties as well as anti-inflammatory,
anti-carcinogenic and Antioxidant properties. Huong et al.
(2019) isolated six known compounds, namely

(1R*,2E,4R*,7E,10S*,11S* 12R*)- 10,18-diacetoxy-
dolabella-2,7-dien-6-one,emblide,  sarcophine, (3R)-4-
[(2R,4S)-4-acetoxy-2-hydoxy-2,6,6- trimethylcyclohexylidene-
3-en-2-one, 3p-hydroxypregna-5,16-dien-20-one, and 3 fB-
hydroxyandrost-5-en-17-one from the methanol extract of
S. digitata. The steroid constituent, (22R, 23R, 24R)-5a,
8a-epidioxy-22, 23-methylene-24-methylcholest-6-ene-3p-
ol, ergosterol peroxide, and 3B-hydroxyandrost-5-ene-17-
one, were isolate from the methanol extract of the soft coral
Lobophytum crissum from Vietnam (Thao et al. 2015).
However, none of these compounds were identified in this
study. The extraction and isolation of compounds using
different polar and non-polar solvents will extract a wider
range of compounds in the soft corals.

The GCMS analysis from the extracts of C. simplex
identified several compounds which have vital biological
activities. The ethyl acetate extract of the latter showed an
antimicrobial effect against the test isolates, B. subtilis, S.

aureus, and P. aeruginosa. Compounds include
Andrographolide, Viridiflorol, (-)-Spathulenol, Thunbergol, 1-
Heneicosanol,  Isoaromadendrene  epoxide,  6-epi-

Shyobunol, 2-Dodecen-1-yl(-)succinic anhydride identified
from the GCMS analysis might be responsible for the
antimicrobial activity in C. simplex. 2-Dodecen-1-yl(-
)succinic anhydride has been reported in Sinularia sp. and
Sarcophyton sp. showing antineoplastic agents, antioxidants,
and antimicrobial activity (Tanod et al. 2019). However,
none of these compounds were previously reported in C.
simplex before. pB-Elemene, 2(3H)-Benzofuranone, 6-
ethenylhexahydro-6-methyl-3-methylene-7-(1-methylethenyl)-,
[3aS-(3aa,60,7pB,7aP)]-, Aromadendrene oxide 2 identified
by GCMS analysis possess anticancer properties. [-
Elemene induces antitumor effects against various cell
lines such as melanoma cells (Chen et al. 2012),
glioblastoma cell lines (Zhu et al. 2014), leukemia cell
lines (Yu et al. 2011), breast cancer cell line (Cai et al.
2013) and many more cell lines. 2(3H)-Benzofuranone, 6-
ethenylhexahydro-6-methyl-3-methylene-7-(1-
methylethenyl)-, [3aS-(3aa,60, 73, 7aB)]- also known as
dehydrosaussurea lactone has an inhibitory effect against
breast cancer cell growth (Peng et al. 2017).
Aromadendrene oxide 2 induces apoptosis in skin
epidermoid cancer cells (Pavithra et al. 2018). (E)-p-
Famesene has been studied for its application in
neurodegenerative diseases as an alarm pheromone (Russo
and Marcu 2017). Limonen-6-ol, pivalate has been reported
to have antioxidant, anti-inflammatory, and insect-repellent
activity (Mohammad et al. 2016). Bicyclo [4.4.0]dec-2-
ene-4-ol, 2-methyl-9-(prop-1-en-3-ol-2-yl)- has local
anesthetic and anti-inflammatory properties (Shareef et al.
2016). From these data, we can confirm that C. simplex
possesses myriad compounds with  pharmaceutical
properties.

In conclusion, the Mauritian soft corals S. polydactyla
and C. simplex have potential medical value, particularly
high antibacterial properties against various pathogenic
bacteria. The qualitative biochemical test showed the
presence of various bioactive compounds such as
terpenoids, steroids, and coumarins which can be
responsible for the antibacterial activities. Moreover, the
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GCMS-MS analysis identified important compounds which
possess vital biological properties. Therefore, identifying
biologically important compounds from the soft corals
from Mauritius may be harnessed for future pharmaceutical
exploration. Future studies should include testing different
soft coral species' solvent extracts, such as methanol, and a
wider range of bacteria. Furthermore, with the emergence
of various deadly diseases and viruses, anticancer and
antiviral properties can also be tested to study the
effectiveness of these crude extracts.
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