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Background: Mangroves contain several bioactive compounds, some of which have been
used for centuries as remedies for several ailments.

Methods: Foliar parts of Excoecaria agallocha were extracted in organic solvents and in
water using a Soxhlet apparatus and evaluated for antimicrobial activity against nine type-
culture pathogens, six clinical isolates, and two fungal pathogens with agar well diffusion
assays. Minimum inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were determined by broth dilution and extracts further subjected to brine-shrimp
cytotoxic assays using Artemia salina. Chemical constituents were analyzed with thin-layer
chromatography (TLC), gas chromatography—mass spectroscopy (GC-MS), and Fourier-
transform infrared spectroscopy (FT-IR).

Results and Discussion: Ethyl acetate extract displayed the broadest antimicrobial activity.
Isolates of Staphylococcus aureus were found to be the most susceptible among the clinical
and type-culture groups corresponding to inhibition zones: 17.3+1.1 and 23.5+1.3 mm in
diameter, respectively. Anticandidal activity was found to be lower against Candida albicans
and C. tropicalis (10.3+0.6 and 11.9+0.85 mm diameter). Also, this extract was found to be
bactericidal for S. aureus and Micrococcus luteus (MBC:MIC <2). ¢ cytotoxic activity LDsq
was 521 pg/mL. On GC-MS, squalene [(6E, 10E, 4E, 18F)-2,6,10,15,19,23-hexamethylte-
tracosa-2,6,10,14,18,22-hexaene] was the major compound. Bioassay-guided (antibacterial)
TLC revealed the presence of one major active fraction, F2, with an R, value of 1.21. FT-IR
analysis of this fraction also implied that it was squalene, which might have a functional role
in the mechanism of chemical defense.

Keywords: mangrove, plant extract, antimicrobial, cytotoxicity, bioactive compounds,
squalene

Introduction

A huge number of synthetic molecules are currently in use as antibacterial, anti-
viral, antiprotozoal, and antihelminthic agents. Nevertheless, as per the World
Health Organization (WHO), the basic health needs of approximately 80% of the
population in developing countries, even today, are met by traditional medicines.! A
variety of plant species, both terrestrial and aquatic, provide a large number of
bioactive compounds, with negligible side effects, catering to the medicinal needs
of mankind, and are also safer than their synthetic counterparts.®> In this context,
terrestrial plants contribute a major share. Several drug formulations on the market
consist of natural therapeutic agents of plant origin. There are numerous examples,
including drugs for treating malaria (artemotile obtained from Artemisia annua),
treating Alzheimer’s disease (reminyl, isolated from Galanthus woronowii), and
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managing cancer (paclitaxel and its analogues, derived
from Taxus brevifolia) and liver disorders (silymarin
from Silybum marianum).>

Mangroves are a unique ecological niche that provide safe
haven for numerous forms of estuarine and coastal life, can
survive very harsh environmental conditions, and extend pro-
tection to their habitat by preventing seawater intrusion and
functioning as natural nutrient filters.* They can effectively
participate in elemental biogeochemical cycling, including
that of carbon.* Several bioactive compounds can be isolated
from mangroves. Excoecaria agallocha (Euphorbiaceae),
which is also known as “blind-your-eye mangrove,” is abun-
dantly distributed in the wetlands of temperate and tropical
regions of Asia, Africa, and northwest Australia.* A literature
survey showed that the mangrove has been used to treat tooth-
ache, swelling, sores, stings from marine creatures, and ulcers,
and also as a purgative.’ It was also been used for the treatment
of leprosy in earlier days.°

A recent review described a complete account on E.
agallocha, including its ethnobotany, phytochemistry, and
pharmacological aspects.* Most of the available literature
describes that this mangrove is a rich source of secondary
metabolites with diverse bioactivity and an important can-
didate in the control of dreadful infectious diseases.” The
phytochemistry of the leaf extract of this plant contains
mainly diterpenoids, triterpenoids, and flavonoids.”” A
phorbol ester obtained from its leaves has been found to
be a potent inhibitor of HIV1 replication,'® whereas poly-
phenols from the leaves showed inhibitory effects against
hepatitis C virus'' and also anticancer activity (Hedgehog/
GLI signaling inhibitors).” E. agallocha is a typical man-
grove species widely distributed throughout the coastal
area of Kerala, a southwestern state of India. The present
study aimed to characterize the major phytochemical con-
stituents and evaluate the antimicrobial and cytotoxic
activity of the leaf extract of this plant from Kerala.

Methods
Collection of E. agallocha Leaves and

Extraction

Tender foliage of E. agallocha (voucher specimen AEA-8,
2020) was collected from mature trees dotting the man-
grove wetland of Ayiramthengu, Kollam district (09°12' N
and 76°47' E), Kerala state, India and identified taxono-
mically with the aid of an eminent mangrove taxonomist.
Prior to extraction, the leaves were washed with water and
cleaned to remove salts and other associated debris,

chopped into small pieces, and dried under shade (to
prevent photolysis and thermal degradation). The comple-
tely dried plant material was powdered in a coffee grinder
and extracted using organic solvents of increasing polarity
separately, such as chloroform (trichloromethane [TCM)),
dichloromethane (DCM), ethyl acetate (EtOAc), and
methanol (MeOH), as well as water.'* All solvents used
were of analytical grade and supplied by Merck India. In a
typical batch, 100 g powdered material was extracted with
1 L of solvent in a Soxhlet apparatus for 5 hours, filtered
using Whatman number one filter paper, concentrated in a
rotary vacuum evaporator at 40°C (Yamato), then stored in
a freezer at —20°C for further studies.

Test Microorganisms

The antimicrobial activity of concentrated extracts were
assessed using nine type-culture pathogens, consisting of
both Gram-positive and Gram-negative strains (Table 1).
Microbial Type Culture Collection (MTCC) strains were
obtained from the Institute of Microbial Technology,
Chandigarh, India. Clinical bacterial isolates (six spe-
cies) and yeast cells (two species) were procured from
different clinical laboratories. Fresh overnight bacterial
cultures were prepared by transferring a loop full of
inocula from stock cultures to test tubes containing
nutrient broth sterilized at 121°C for 20 minutes. All
bacterial strains were maintained on nutrient agar slants
(HiMedia) at 37°C#0.1°C. Sabouraud Dextrose agar
slant (HiMedia) was used for the routine propagation
of Candida spp.

Antimicrobial Assays

Aliquots (5 mg/mL) of crude mangrove extracts in sol-
vents were prepared and tested to find their antibacterial
activity against pathogens, as per the agar well diffusion
assay described previously.'? Sterile Mueller—Hinton
agar was dispensed into petri plates. For antimicrobial
assays, inocula were prepared from overnight cultures
by the direct colony method. Distinct colonies were
lifted directly from the plates with a sterile wire loop
and suspended in 0.85% saline. Turbidity of the suspen-
sions to be inoculated was adjusted in line with the 0.5
McFarland standard. Afterward, test organisms were
uniformly swabbed over the Mueller—Hinton agar
(HiMedia, India) surface. A 5 mm-diameter well was
made on the seeded surface using a sterile cork borer,
and 100 pL crude extract of a known concentration (5
mg/mL) was added. The solvent used for each extraction
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Table | Panel of pathogens used for antimicrobial assays

MTCC Staphylococcus aureus (MTCC 96); SA

Streptococcus mutans (MTCC 890); SM

Micrococcus luteus (MTCC106); ML

Bacillus cereus (MTCC 1306); BC

Aeromonas hydrophila (MTCC 646); AH

Klebsiella pneumoniae (MTCC 109); KP

Shigella flexneri (MTCC 1457); SF

Escherichia coli (MTCC 739); EC

Pseudomonas aeruginosa (MTCC 2453); PA

Clinical isolates S. aureus

Pseudomonas spp.; PS

Proteus vulgaris; PV

E. coli

Citrobacter freundii; CF

Klebsiella spp.; KS

Yeast Candida albicans; CA

Candida tropicalis; CT

Abbreviation: MTCC, microbial type culture collection.

was taken as the negative control. Petri plates were then
incubated for 24 hours at 37°C and inhibitory activity
measured by calculating the diameter of the inhibition
zone around the wells. Zones >8 mm were considered
active. The assays were conducted in triplicate to vali-
date the findings statistically (P<0.05). Anticandidal
assays were performed according to the methodology
described by Manilal et al.'* Cell suspensions contain-
ing approximately 10° CFU/mL of yeast were prepared
and inoculated on the surface of the agar plates, and
wells were created that were filled with 100 pL (5 mg/
mL) leaf extract. To validate the inferences, wells with
solvent used for extraction were considered negative
controls. Assays were performed in triplicate in indivi-
dual petri dishes. The diameter of the inhibition zone
after 48 hours corresponds to the activity, and accord-
ingly the zone of inhibition was calculated. Based on the
diameter of zones of inhibition, antimicrobial activity
was categorized as inactive (<8 mm), less active (>8
to <12 mm), moderately active (=12 to <20 mm), and
highly active (=20 mm).

Determination of Minimum Inhibitory
Concentration (MIC) and Minimum

Bactericidal Concentration (MBC)

Broth dilution was used for finding the MIC and MBC
against the most susceptible group of type-culture
isolates.'* The dosing range of EtOAc extracts of E. agal-
locha corresponded to a factor of 2 (antilog 0.3), the
former related to the lowest concentration of leaf extract
that prevents visible growth (indicated by the absence of
turbidity) compared to the control. To measure the MBC,
MIC cultures were seeded (10 puL) on Mueller—Hinton
agar and incubated for 24 hours at 37°C. It is actually
the concentration that corresponds to nil growth of colo-
nies compared to the culture of the initial inoculum of the
same pathogen. If the ratio of MBC:MIC is <2, then the
plant extract is considered bactericidal and otherwise
bacteriostatic. '

Brine-Shrimp Cytotoxic Assays

Cytotoxic activity of the crude EtOAc extract of E. agal-
locha leaves was tested against freshly hatched free-swim-
ming nauplii of Artemia salina (Great Salt Lake Artemia).
The assay system was prepared using 2 mL filtered sea-
water containing extract in cavity blocks (embryo cup),
and 20 nauplii were transferred to experimental and posi-
tive- and negative-control wells. The positive control is
pure EtOAc and the negative control filtered seawater. The
concentration of the experimental system was determined
based on exploratory experiments. Mortality was deter-
mined in comparison to mean number of larvae surviving
in the test sample and control tubes, and LDsy was deter-
mined using a probit scale.'®

GC-MS Analysis of EtOAc Leaf Extract

The crude EtOAc leaf extract with antimicrobial activity
was subjected to gas chromatography—mass spectrometry
(Shimadzu QP2010) in a system fitted with a capillary
column (30 m x 0.25 mm) featuring a wide-range flame
ionization detector and helium (99.99%) carrier gas at 1
mL/minute flow rate. The oven temperature was kept at
110°C for 2 minutes and programmed to 280°C at a heat-
ing rate of 5°C per minute and then kept constant at 280°C
for 10 minutes. Split ratio was 1:20 and the injection
volume was 2 pL. The injection port and detector tem-
peratures were maintained at 250°C and the electron ioni-
zation mode selected was 70 eV. The mass range analysed
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was m/z 45-450 AMU. Identification of peaks correspond-
ing to individual components were carried out by compar-
ison with references (standards) available in the National
Institute of Standards and Technology (NIST) and Wiley’s

libraries.

Thin-Layer Chromatography (TLC) of
EtOAc Extract

The active EtOAc extract was fractionated using TLC.
One gram of silica gel (mesh 60, Merck) was placed in a
glass beaker (50 mL) and distilled water was slowly added
and stirred with a glass rod until a thick but homogeneous
fluid slurry was formed. Several clean slides (3%1 in) were
dipped into the slurry, withdrawn slowly, and held in
vertical position for a couple of minutes in dry air. Using
a micropipette, the leaf extract was loaded on one side of
the coated slide, about 0.5 cm above the bottom end
(preventing the larger drop from flowing down), subse-
quently allowing for air-drying for 10 minutes, which was
then ready for developing. The slides were placed in a
beaker containing 1% EtOAc in DCM solvent. The solvent
was allowed to run through the silica-gel layer until its
front reached 1 cm below the top end and was then
allowed to evaporate. After the development of the chro-
matogram, the resolved spots were analyzed by spraying
50% sulfuric acid to detect lipophilic compounds and Ry
values were calculated. The same procedure was repeated
to collect a sufficient quantity (1 mg) of each fraction for
bioassay by scraping out and dissolving in EtOAc. The
residual antimicrobial activity of separated fractions were
redetermined against the two most susceptible type-culture
bacteria — one each from the Gram-positive (S. aureus)

and Gram-negative (K. pneumoniae) — by means of agar
well diffusion assay, as described earlier.

FT-IR Analysis

The functional groups of components of the active fraction
— F2 (ie, the one that showed consistent antimicrobial
activity) — were analyzed and identified by recording the
spectra between 4000400 cm ' (FT-IR spectrometer,
Thermo FisherScientific).

Data Analysis
Data are presented as means = SD. SPSS 20 was used for
analysis. P<0.05 was considered statistically significant.

Results

Yield of Extraction

Yields of the vacuum-dried extracts varied according to
the solvent used: 5.7%, 5.9%, 5.1%, 2.2%, and 2.5% for
EtOAc, MeOH, DCM, TCM, and water, respectively.

Antibacterial and Antifungal Activity

The results of screening revealed that of the five solvents
used, EtOAc was the most appropriate, followed by
MeOH, for extraction of antimicrobial metabolites from
E. agallocha leaves (Table 2). Antimicrobial activity was
not found in the case of DCM and TCM or water extracts.
Regarding type-culture isolates, Gram-positive bacteria
were found to be more susceptible to the leaf extract,
showing zones of inhibition of 23.5+1.3-11.5+0.9 mm.
The
+1.3 mm), whereas the lowest was against Streptococcus

highest activity was against S. aureus (23.5

mutans (11.5£0.9 mm). Moderate values against Gram-
negative bacteria werte found for Klebsiella pneumoniae

Table 2 Antibacterial Activity of E. agallocha Leaf Extract Against Type-Culture Bacterial Pathogens

Solvent used SA SM ML BC KP SF EC PA AH
Zones of inhibition (mm)

EtOAc 23.5%1.3 11.5+0.9 15.3+0.7 13.2+1.2 17.7 £1.8 12.4+1.2 13.1£0.5 145%1.3 13.2+0.5
MeOH 17.3+.5 7£1.1 10.5+0.9 9+0.8 1414 8+0.7 10£1.3 11.4+0.7 8.2x1.1
DCM - - - - - - - - -

TCM - - - - - - - - -
Water - - - - - - - - -

Notes: Means * SD; — = no activity; zone of inhibition 28 mm considered active.

Abbreviations: SA, Staphylococcus aureus; SM, Streptococcus mutans; ML, Micrococcus luteus; BC, Bacillus cereus; KP, Klebsiella pneumoniae; SF, Shigella flexneri; EC, Escherichia

coli; PS, Pseudomonas aeruginosa; AH, Aeromonas hydrophila.
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(17.7£1.8 mm) and Shigella flexneri (12.4+1.2 mm). Of
the six clinical bacterial pathogens studied, a moderate
zone of inhibition, 17.3+£1.1 mm was found only in the
case of S. aureus; while the lowest value was for the
Gram-negative pathogen Proteus vulgaris (9.8+1.4 mm).
Anticandidal activity of the crude EtOAc extract against
C. albicans and C. tropicalis was lower: 11.9+0.85 mm
and 10.3+0.6 mm, respectively (Table 3).

The MeOH extract showed moderate activity against
the type-culture isolate S. aureus, which produced an
inhibitory zone of 17.3£0.5 mm, followed by a couple of
Gram negative isolates, such as K. pneumoniae (11.4
+1.4 mm) and P. aeruginosa (11.4£0.7 mm), with more
or less equal values of zones of inhibition falling close to
the borderline between the less active and moderately
active groups. Among the clinical isolates, again S. aureus
was the pathogen most susceptible to the MeOH extract,
exhibiting a moderate zone of inhibition (13+0.9 mm)
whereas the extract was almost inactive against C. albi-
cans (7.8£0.32 mm) and C. tropicalis (7.5+£0.4 mm).

MIC and MBC

MIC was determined by broth-dilution assay using the
crude EtOAc leaf extract, and the values determined
against Gram-positive bacteria were 1,024-8,192 pg/mL,
with corresponding MBC values of 2,048-16,384 pg/mL
(Table 4). The lowest MIC and MBC values were pro-
duced against the Gram-positive bacteria S. aureus (1,024
and 2,048 pg/mL, respectively). In the case of Gram-
negative bacteria, MIC values were 1,024-4,096 pg/mL,
with concomitant MBC values of 4,096-8,192 pug/mL. The

lowest MIC and MBC, values ie, 1,024 and 4,096 pg/mL,
respectively, were found for K. pneumoniae and the extract
was found to be bactericidal for S. aureus and M. luteus
(MBC:MIC <2) and bacteriostatic in the remaining cases
(MBC:MIC >4).

Brine-Shrimp Cytotoxicity

The EtOAc extract showed remarkable activity in brine
shrimp cytotoxicity assay (Table 5), and the mortality rate
of the nauplii increased with concentration. The crude
extract showed an LDs, value of 521 pg/mL.

GC-MS Analysis of Crude EtOAc Extract
Constituents of the crude EtOAc leaf extract identified by
GC-MS analysis are shown in Table 6. By comparing the
mass spectra of the constituents with the NIST library, ten
compounds were identified, and the mass spectrum of the
major component (peak area corresponding to 27.92%) is
shown in Figure 1, which indicates a molecular weight of
410 and the fragmentation pattern corresponding to that of
the molecule squalene — C;oHso [(6E, 10E, 4E, 18E)-
2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-
hexaene].

TLC of Crude Extract

The EtOAc leaf extract was subjected to preparative TLC
using 1% EtOAc in DCM as the running solvent, and
yielded four fractions with diverse Ry values, ie, F1 4.3,
F2 1.21, F3 1.09, and F4 1.02. In the agar well diffusion
assay, the fraction F2 showed a higher range of activity
against both the tested microorganisms (S. aureus [25

Table 3 Antimicrobial Activity of E. agallocha Leaf Extracts Against Bacterial and Fungal Clinical Isolates

Solvents and controls SA PS PV EC KP CF CA CcT
used Zones of inhibition (mm)

EtOAc 17.3£1.1 9.9+1.3 9.8x1.4 10.5 £1.09 10.5£1.09 11.2+1.3 11.9£0.85 10.3£0.6
MeOH 13.5£0.9 9.1£1.05 7.8+0.4 9.7+0.4 9.21.9 10£0.8 7.8+0.32 7.5+0.4
DCM - - - - - - - —

TCM - - - - - - - -
Water - - - - - - - -
Ciprofloxacin 235 20 21.5 28 21 26 NT NT
Nystatin NT NT NT NT NT NT 24 26

Notes: Means * SD; —, no activity; zone of inhibition 28 mm considered active.

Abbreviations: NT, not tested; SA, Staphylococcus aureus; PS, Pseudomonas spp.; PV, Proteus vulgaris; EC, Escherichia coli; KP, Klebsiella pneumoniae; CF, Citrobacter freundii; CA,

Candida albicans; CT, Candida tropicalis.
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Table 4 MIC and MBC of EtOAc Extracts of E. agallocha Against Type Culture Bacterial Pathogens

Test organisms MIC (pg/mL) MBC (pg/mL) MBC:MIC
S. aureus 1,024 2,048 2
S. mutans 4,096 16,384 4
M. luteus 1,024 2,048 2
B. cereus 2,048 8,192 4
K. pneumoniae 1,024 4,096 4
S. flexneri 2,048 8,192 4
E. coli 2,048 8,192 4
P. aeruginosa 2,048 8,192 4
A. hydrophila 2,048 8,192 4

Table 5 Brine-shrimp Cytotoxicity

Sample Mortality (%) at different concentrations (ug/mL)
200 400 600
EtOAc extract of E. agallocha 17.3+6.5 44.2+5.6 100

Note: Means + SD.

+1.7 mm] and K. pneumoniae [22+1.5 mm]). Activity of
the remaining fractions was found to be fluctuating (incon-
sistent), so these were thus excluded from further studies
and analysis. Results suggested that the antimicrobial
activity of the extract could be mainly attributed to F2,
and its FT-IR spectrum was recorded.

FT-IR Analysis

FT-IR spectra were obtained to find the functional groups
of components present in the active fraction F2 through
the preparative TLC route (Figure 2). Absorption peaks
corresponded to wavenumbers, 3,060-3,079, 685—695, and
1,668—-1,678 cmfl, representing vibrations of =C-H
stretching, =C-H bending, and C=C stretching, respec-
tively (of squalene molecule). The C=C stretching vibra-
tion at the aforementioned wave number is very typical of
the squalene molecule (matching the total number of six
C=C bonds). Absorption peaks at wavenumbers 2825—
2855 and 1,325-1,355 cm’ ! correspond to —C—H stretch-
ing and —C-H bending respectively.

Discussion

Antimicrobial activity of E. agallocha leaf extracts was
tested against nine type-culture bacterial pathogens, six
clinical isolates, and two Candida spp. Of all the

pathogens screened, type-culture bacteria were the most
susceptible organisms, while clinical bacterial and fungal
pathogens proved resistant to a certain extent. The crude
EtOAc extract showed the highest and widest activity. It
efficiently repressed the growth of all tested organisms,
whereas the MeOH extract showed only moderate to lower
activity, but was not apparent in the the extract obtained
using less polar solvents and water. The superior activity
exhibited by EtOAc may be related to the presence of
soluble and active polar components. A literature survey
indicated that the antimicrobial activity of EtOAc extracts
of foliar parts of E. agallocha is scanty. At the same time,
earlier research reported the remarkable antibacterial activ-
ity of EtOH leaf extract of E. agallocha against S. aureus
(24 mm)."” Antimicrobial properties of fatty-acid methyl
esters found in E. agallocha against S. aureus (16 mm)
and B. subtilis (16 mm) have also been reported.'®
Excoecaria agallocha collected from another part
(Goa) of India had a maximum zone of inhibition of
16.7 mm against P. mirabilis and P. vulgaris, but only
13 mm against S. aureus and Streptococcus spp."’
Likewise, another study done in India reported on anti-
bacterial activity for MeOH extracts of E. agallocha
against S. aureus and P aeruginosa.”® The antibacterial
activity of EtOH extract of E. agallocha bark exhibited
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Abbreviations: RT, retention time (minute); MF, molecular formula; MW, molecular weight; PA, peak area.

significant in vitro antibacterial activity against S. aureus,
Shigella dysenteriae, S. sonnei, and Enterococci spp., with
zones of inhibition of 11-15 mm.?’

It is known that the antibiosis of plant extracts depends
on several quintessential factors, such as season, geogra-
phical location, collection period, extraction methodology,
purity of extract, and characteristics of test organisms.****
In the present study, Gram-positive bacteria were found to
be highly susceptible compared to their Gram-negative
counterparts. This trend has already been reported for
other species of mangrove plants.**** In contrast, the
Gram-positive cocci, S. mutans was found to be the most
resistant bacteria in our study and further investigations
are required to explain this contradiction. Of the diverse
fungal pathogens, species of Candida cause fatal systemic
infections that have been on the rise over the last decade.
These are the most common opportunistic pathogen in
AIDS patients.”> A higher degree of activity was displayed
against the bacterial pathogens, while only a lower range
of activity was produced against yeasts. Results of the
antifungal activity against Candida spp. are by and large
similar to the results of a previous work."? This report is
the first to describe possible anticandidal activity of E.
agallocha from the southwest coast of India.

Widely varying MIC and MBC values were observed
among the bacteria included in the current study. MIC
values against Gram-positive bacteria were lower com-
pared to their Gram-negative counterparts, except S.
mutans. In the case of the former group, equally low
MIC value (1,024 pg/mL) was recorded against both S.
aureus and M. luteus, and MIC and MBC values obtained
from our study were more or less similar to those reported
in our previous publication.’® On the other hand, the
currently observed MIC values were comparatively higher
than those described in an earlier study,”” which reported
values of 2-256 ng against E. coli, B. subtilis, S. aureus, P.
aeruginosa, and K. pneumoniae. These discrepancies
observed in MIC and MBC values may be attributed to
several factors, such as the nature of the crude extract,
fluctuations in concentrations of metabolites, cytoplasmic
permeability, and virulence factors associated with differ-
ent types of bacteria. The exact mechanism of action of the
antimicrobial activity of E. agallocha leaf extract against
bacteria was not investigated in the present study.
However, based on the results, activity against S. aureus
and M. luteus was bactericidal (MBC:MIC <2), whereas
that against the rest was bacteriostatic (MBC:MIC >2).
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Figure 2 FT-IR spectrum of the major compound number 2 (squalene), obtained from the active fraction F2 of preparative TLC.

The overall results showed remarkable antibacterial poten-
tial for leaf extracts of E. agallocha.

The brine-shrimp assay is recognized as a reliable
indicator of preliminary evaluation of toxicity and can be
extrapolated to assess cell-line toxicity and antitumor

activity.”® This assay is widely employed in the screening
of several plant species for identification and isolation of
useful components. It is envisaged that the cytotoxic activ-
ity exhibited by E. agallocha leaf extract is due to the

presence of antitumor metabolites (mainly squalene).?® !
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Cytotoxic activity of E. agallocha extract with varied
LDs, against 4. salina has already been reported.’’
Discrepancies in LDso observed by various authors could
be related to differences in seasonality, geographical dis-
tribution of mangroves, and extraction methodology
employed, including the types of solvent.

GC-MS analysis of EtOAc leaf extract revealed that
there were ten compounds therein. The antimicrobial activ-
ities of individual constituents were not studied. The com-
ponent with the highest peak area (27.92%) was squalene
(2,6,10,15,19,23-hexamethyltetracosa-2,6,10,14,18,22-
hexaene) according to the NIST database. The extract was
further subjected to bioassay-guided fractionation using
preparatory TLC followed by FT-IR spectroscopy, and the
major compound again was found to be squalene as per the
spectra, with several characteristic absorption peaks.*
Squalene is a linear triterpene found in plants and animals,
including sea fish, and has diverse pharmacological, cos-
metic, and nutritional potential.*® A scan of the literature
indicated that squalene in E. agallocha has been reported

widely,-*

and also that antibacterial activity of leaf
extracts of several species of mangroves containing squa-
lene has already been reported. For instance, one study
reported that squalene was the principal compound present
in the active fraction of Rhizophora mucronata.> In our
previous study, it was found that squalene in Sonneratia
alba was effective in decimating bacterial growth.*” It has
been found to exist in other terrestrial flora too, eg,
Polygonum chinense.>® Another study has shown that the
antibacterial activity of Artocarpus leaf extract could be due
to the presence of squalene.”” Earlier phytochemical studies
on E. agallocha revealed the presence of diterpenoids® and
triterpenoids.” Antimicrobial and cytotoxic activities of
squalene isolated from different plants have been
reviewed.>® The antimicrobial activity displayed by E.
agallocha leaf extract could correspond to the presence of
the major component, squalene, or could even be related to
the synergistic activity of several components. However,
this hypothesis needs to be explored further by a bioassay-
guided isolation of each individual component.

Conclusion

Leaf extracts of E. agallocha in organic solvents were
evaluated for antimicrobial activity against nine type-cul-
ture pathogens, six clinical isolates, and two Candida spp.
The extract obtained using the medium polar solvent
EtOAc displayed maximum antimicrobial efficacy and

significant cytotoxic activity. Overall, Gram-positive

bacteria, particularly S. aureus, in both type-culture and
clinical isolates were found to be more susceptible. GC-
MS of EtOAc extract revealed the presence of ten com-
pounds. Results of TLC and FT-IR ultimately proved that
the principal compound was squalene and correlated with
bioactivity. This study covered the phytochemical and in
vitro biological activity of E. agallocha with regard to the
curbing of bacterial and fungal growth. Based on these
findings, bioassay-guided fractionation and purification of
extracts of E. agallocha leaves may provide useful anti-
biotic and cytotoxic leads.
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