< L N A ' International Journal of Current Pharmaceutical Research

/m ACADENIC SCIENCES

Knowledge to Innovation

ISSN- 0975-7066 Vol 15, Issue 1, 2023

Original Article

EVALUATION OF ANTIOXIDANT, ANTIMICROBIAL, ANTICANCER, AND WOUND HEALING
PROPERTIES OF LEAF EXTRACTS OF ACANTHUS ILICIFOLIUS L.

SHAMEELA KHADEEJA A.*, JESTEENA JOHNEY, R. RAGUNATHAN

Department of Biotechnology, Centre for Bioscience and Nanoscience Research, Eachanari, Coimbatore, Tamilnadu 641021
*Email: shameelakhadeeja@gmail.com

Received: 15 Oct 2022, Revised and Accepted: 22 Dec 2022

ABSTRACT
Objective: To investigate the in vitro antioxidant, antimicrobial, anticancer, and wound healing properties of leaf extracts of Acanthus ilicifolius.

Methods: Acanthus ilicifolius leaves were dried and extracts were prepared using different solvents using cold extraction method. The preliminary
phytochemical analysis and quantitative methods were carried out using standard procedures. In vitro antioxidant activity was evaluated using
DPPH assay. Disc diffusion method was employed to determine the antimicrobial activities of the extracts. The methanolic extract was subjected to
FTIR and GC-MS analysis for characterization of phytochemicals. This extract was further subjected to HPLC analysis for characterization and
quantification. The antiproliferative effects of methanolic extract was determined using MTT assay and wound healing properties were determined
using Cell migration assay.

Results: The highest levels of phenol and flavonoids were detected in aqueous extracts, followed by chloroform. Methanolic extract showed the highest
antioxidant activity as well as significant antibacterial activity against Klebsiella pneumoniae and Staphylococcus aureus. Squalene, a metabolite with
known pharmaceutical applications, was identified in GC-MS, which was further confirmed and quantified using HPLC analysis. The methanolic extract
showed cytotoxic activity against the cervical cancer cell line and showed a significant beneficial effect on wound healing in the L929 cell line.

Conclusion: The results obtained in this study revealed that the leaf extracts of Acanthus ilicifolius possess potent antioxidant, antimicrobial,
cytotoxic and wound-healing properties. These activities are due to bioactive components present in the extracts whose identification could lead to

the development of new therapeutic agents.
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INTRODUCTION

Plant-derived secondary metabolites are compounds not required for
the survival of the plant but do play a critical role in many processes.
Based on their chemical structure, they are classified into phenolics,
alkaloids, saponins, lipids, carbohydrates, terpenes, etc. These
compounds have been determined to possess antimicrobial, antidiabetic,
anticancer activity, antimalarial, and neuroprotective activity [1]. The
presence of these biologically active compounds makes plant-derived
metabolites an ideal source for the discovery of new drugs.

Mangroves, the flora found in the tropical and subtropical tidal regions
are a good source of secondary metabolites with many rare
compounds identified from them [2]. Due to the presence of these
compounds having biological activity, they have been extensively used
in traditional medicine [3]. Acanthus ilicifolius, widely found in tropical
Asia and Africa [4], is used to treat diseases ranging from snake bites
to skin diseases [5]. Phytochemicals derived from the plant have
demonstrated significant pharmacological activities like antioxidant,
anticarcinogenic, anti-osteoporotic, and hepatoprotective. Alcoholic
extract of A. ilicifolius showed anticancer activity against L-929 lung
fibroblast cell line as well as anti-tumorigenic activity against
chemically-induced skin papilloma in mice [6].

Squalene, a linear tripeptide, is found abundantly in amaranth, olive,
grape seed and soybean oil [7]. It finds pharmaceutical application in
topical creams due to its high antioxidant, moisturizing and
antimicrobial activity. Further, it is also known to have
antineoplastic and cardioprotective activity [7]. Squalene isolated
from Rhizophora mucronata showed antiproliferative activity
against the gastric adenocarcinoma cell line [8].

In this present study, we performed a phytochemical analysis of the
leaf extracts of Acanthus ilicifolius. Antioxidant and antibacterial
activity of various extracts were conducted to determine their
pharmacological value. UV-Visible spectrum, GC-MS analysis was

performed to identify the multiple metabolites present in the
extract. Squalene, a linear tripeptide, was detected in Acanthus
ilicifolius extract. The leaf extract showed anticancer activity against
the HeLa cell line and wound healing activity in the L929 cell line.

MATERIALS AND METHODS
Collection and Identification of leaf material

Fresh leaves of Acanthus ilicifolius L. were collected from the
Mangalavanam Wird Sanctuary, Cochin, Kerala. The plant materials
were identified from Tropical Botanical Garden and Research
Institute (JNTBGRI), Kerala, India. The herbarium of Acanthus
ilicifolius bearing collection number (Collection No. 95972) was
deposited at the same Institute. The identity of the specimen was
found to be correct as per the International Code of Nomenclature
for algae, fungi, and plants (ICN).

Preparation of leaf extracts

The Fresh and healthy leaves were collected and washed thoroughly
with running tap water to remove debris. The leaves were further
dried in shades and then pulverised into a fine powder using a
household blender and stored in an airtight container for further
use. The powdered leaves were soaked (15g/100 ml) in different
solvents of increasing polarity (petroleum ether, chloroform,
ethanol, methanol, and water) overnight in a rotary shaker [9]. The
extract obtained was stored in a refrigerator at 4 °C until further use.
All the chemicals used in this preparation were procured from Hi-
media, Sigma, and Spectrum (AR, LR).

Preliminary phytochemical analysis
Qualitative analysis

Qualitative phytochemical analysis was carried out according to the
methods described earlier [9]. The results were observed based on
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the precipitate formation or colour change after addition of specific
reagents.

Quantitative analysis
Total phenol

Each 0.5 ml extracts were mixed with 2.5 ml Folin-Ciocalteu reagent
and 2 ml of 7.5% (w/v) Sodium carbonate. The mixtures were
shaken and allowed to react for 30 min in the dark for 1 hour.
Absorbance was measured at 765 nm, and Gallic acid was used as
the standard. The total phenol content was determined as Gallic acid
equivalents (GAE) in pg/g dry weight (DW) of the sample [9].

Total flavonoid

Total flavonoids were determined by the Aluminium chloride
method [9]. An aliquot (1 ml) of extract was added to 0.3 ml of 5%
(w/v) NaNO: and incubated for 5 min. 0.3 ml AlClz (10% w/v) and 2
ml of 1IN NaOH was added, and the total volume was made up to 5
ml with distilled water, and incubated for 10 min at ambient
temperature. The absorbance was measured at 510 nm by using a
UV-visible spectrophotometer. Three replicates were made for each
test sample. The total flavonoid contents were expressed as
Quercetin equivalence (QE) in mg/g.

In vitro free radical scavenging activity

Antioxidant potential was determined using DPPH [10]. To each
extract, 1 ml of freshly prepared DPPH (200uM dissolved in ethanol)
was added and vortexed thoroughly. Then the solution was
incubated for 30 minin the dark. The absorbance of stable DPPH was
recorded at 517 nm using UV visible spectrometer Shimadzu, UV-
1800. Ascorbic acid was used as a standard. Percentage of inhibition
was calculated using the formula.

% Inhibition = [1-(assSAMPLE/assCONTROL)] x 100.
Determination of antimicrobial activity

Clinical isolates of Escherichia coli (KY787193), Bacillus cereus
(MT131177), Klebsiella pneumoniae (OL601967) and Staphylococcus
aureus (MT126466) were procured from Centre for Bioscience and
Nanoscience Research, Coimbatore, Tamil Nadu. Bacterial cultures
were swab inoculated on the Mueller Hinton agar plates. Well
diffusion method was employed to determine the antimicrobial
activities of the extracts, the agar plates were incubated at 37 °C for 24
h [11] and the zones of inhibition were measured in millimeters.
Commercial antibacterial disc Levofloxacin (5 pg) was used as positive
controls; water and methanol were used as negative controls.

Fourier transform infrared spectroscopy (FT-IR) spectrum
analysis

Based on the preliminary phytochemical screening, the methanolic
extract of Acanthus ilicifolius was subjected for FTIR analysis. FT-IR
spectra were recorded using Shimadzu FT-IR Spectrometer 8000
series in the region 4000-400 cm-! by employing the standard KBr
pellet technique. The extract was mixed with KBr salt, using a
mortar and pestle, and compressed into a thin pellet.

GC-MS analysis

The analysis was performed using a GC-MS system (Agilent
Technologies, USA) equipped with an HP-5 MS capillary column (30
m x 0.25 mm, 0.25 mm, Agilent Technologies USA). The injection
volume of each sample was 1 pl. Helium (99.999%) was used as the
carrier gas at a flow-rate of 1 ml/min. The temperature of the
injection port was 250 °C, and the column temperature program was
as follows: 50 °C for 2 min, followed by an increase to 180 °C at a
rate of 5 C/min, an increase to 270 °C at a rate of 20 °C/min, and
maintenance at 270 °C for 5 min. The MS conditions included an EI
ion source temperature of 230 °C, ionization energy of 70 eV, and a
mass scan range of 40-500 amu.

Extracts preparation for HPLC characterization

For HPLC characterization and quantification, 1 mg of the sample
was accurately weighed and dissolved in 1 ml of mobile
phase/methanol. Mobile phase consisted of solvent A: Acetonitrile,
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solvent B: Acetone (in a ratio of 60:40). 1 mg of the standard
(Squalene) was accurately weighed and dissolved in 1 ml of mobile
phase/methanol and different concentrations of the standard were
prepared by serial dilution. After filtration via PTFE filter, the
sample and standard were put into HPLC vials. The analysis was
carried out with Agilent 1260 series HPLC system (Agilent
Technologies, USA) comprising a quaternary pump (Agilent
Technologies 1260), a vacuum degasser, a variable wavelength
detector set to 280 nm and a 20 pl sample injector. Flow rate is 1.0
ml/min. The separation was performed on the Zorbax Eclipse plus
C18 column. Column specification is 3.5 pm, 100 mm x 4.6 mm,
Agilent. The injection volume is set to 10 pl. The column thermostat
was maintained at 30+1 °C.

Identification was through spiking with a squalene standard solution
and spectral data of chromatographic peaks. Compounds were
identified by comparing their retention times and UV spectra of the
sample with those of the standard, while quantification was done by
determining the percentage of peak area using the following one-
point calibration formula.

Crx — Ax x Cs(;'rf;—}'_} x V(mL)
T As x Sample wt (gm)

Where Cx = Sample concentration, As = Standard peak area, Ax =
Sample peak area, and Cs = Standard concentration.

Cell culture

HeLa (Human cervical adenocarcinoma cell line) and L929 (Mouse
fibrosarcoma cell line) were purchased from National Centre for Cell
Science, Pune, and have been maintained further in the Centre for
Bioscience and Nanoscience Research laboratory Eachanari, Coimbatore,
Tamil Naduy, India. The cell lines were subcultured in DMEM medium
with the addition of sodium carbonate, glucose, and 10% FBS (Fetal
Bovine Serum) and incubated at 37 °C, a humidity of 70-80% for 24-72
h. After incubation, the growth of the cell line was confirmed by viewing
itunder an inverted microscope and used for further study.

MTT assay

Cytotoxicity of the leaf extract was estimated using an MTT assay.
Briefly, HeLa cells were seeded in 96-well plates and allowed to
adhere for 24 h at 37 °C in 5% COz and 70-80% humidity. The cells
were then subjected to DMSO (control), Doxorubicin (12.5pg)
(positive control), and different concentrations of the drug and
incubated for another 24 h. Following incubation, the cells were
washed with DMSO and trypsin and then 20 pl of MTT dye was
added to each well, the plates were mixed and incubated for another
24 h at 37 °C in a CO2 incubator. The reaction mixture was then
carefully taken out and formazan crystals were solubilized by adding
100 pl of DMSO to each well and mixed thoroughly. After 24 h the
absorbance of the purple colour was read at 570 nm using a 96 well
plate ELISA reader (Robonik, India) after taking the reading, the
percentage (%) of cell viability was calculated by given the formula.

% cell viability= [Mean abs of treated cells/Mean abs of Untreated
cells] x 100

Wound healing assay

L929 cells (2.5x107 cells) were seeded into 12 well plates and incubated
for 24 h to form a monolayer. Using a 200ul tip, held perpendicular to the
bottom of the well, a vertical scratch was made. Detached cells following
scratch preparation were removed by washing twice with the medium.
Fresh medium without FBS along with control drug (conc), extract
(conc) was added to the cells and grown for up to 48 h. Cell images were
taken at different time intervals (0,12,24,48 h). Using Image ] software,
gap distances were quantitatively evaluated and the percentage of
wound healing was scored.

% of Wound healing scored = (Initial area-Final area)/Initial area*100
RESULTS
Phytochemical analysis

The preliminary phytochemical analysis of Acanthus ilicifolius revealed
the presence of important phytochemical compounds (table 1). The
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compounds, namely alkaloids, terpenoids and flavonoids, were present
in both the aqueous and chloroform extracts. Phenol and flavonoid were
present in all the extracts except petroleum ether. However, only
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aqueous extract showed the presence of quinines. However, there is no
presence of saponins in any of the extracts tested. This is in agreement
with the previous studies of Acanthus ilicifolius [12].

Table 1: Phytochemical constituents of Acanthus ilicifolius in different extracts

S. No. Phytochemical constituents Acanthus ilicifolius

w M E C P
1 Alkaloids + + + + +
2 Terpenoids + + + + +
3 Phenol + + + + -
4 Sugar + - - + -
5 Saponins - - - - -
6 Flavinoids + + + + -
7 Quinines + - - - -
8 Proteins + - - - -
9 Steroids - - - + -
W: Water, M: Methanol,E: Ethanol, C: Chloroform, P: Petroleum Ether,+: Present,-: Absent

Total phenol and flavonoids

The highest percentage yield of Phenol was obtained in both
aqueous (86pg/g GAE) and chloroform (80pug/g GAE) extracts of
Acanthus ilicifolius. Similarly higher yield of flavonoid content was
obtained in aqueous (0.65 mg/g QE) extract followed by chloroform
(0.283 QE) extracts of Acanthus ilicifolius (fig. 1).

Antioxidant activity

The antioxidant activity of Acanthus ilicifolius was determined for all
the extracts. The result of the DPPH scavenging assay is shown in fig.
2. It is found that antioxidant compounds in all the extracts of
Acanthus ilicifolius have exhibited free radical scavenging activity.
The highest antioxidant potential was observed in methanol extract
with 43.2% inhibition, followed by aqueous extract with 37.5%.

100 -

50 A

allic acid equivalents (ug/g)

However, the ethanol and chloroform extracts showed a low
percentage of inhibition. The free radical scavenging activity may be
due to alkaloids, terpenoids, and other flavonoids that act as primary
antioxidants or free radical scavengers [13].

Antimicrobial activity of the plant extracts

Aqueous and methanolic extracts of Acanthus ilicifolius were
screened for their antibacterial activity against Escherichia coli,
Bacillus cereus, Klebsiella pneumoniae and Staphylococcus aureus by
well diffusion method. Plant extracts with a final concentration of 50
mg/ml were used, while Levofloxacin disc (5 pg), a broad-spectrum
antibiotic, was used as the positive control. Methanol extract of
Acanthus ilicifolius showed maximum activity against Klebsiella
pneumonia and Staphylococcus aureus, which was comparable to the
activity shown by the antibiotic Levofloxacin (fig. 3).
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Fig. 1: Graph showing A) total phenol content, B) Flavonoid content of different extracts of Acanthus ilicifolius
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Fig. 3: Antibacterial activity of A) Acanthus ilicifolius. B) Graph depicting zone of inhibition for Acanthus ilicifolius on E coli, B Cereus, K
pneumonia and S aureus

Fourier transform infrared spectroscopy (FT-IR) spectrum
analysis

The FTIR spectrum of the methanolic extract of A. ilicifolius provides
a lot of structural information on the major phytochemical
constituents through peaks of various functional groups (fig. 4). The

peaks at 2978.09, 2908.65 and 2831.50 cm™! correspond to the C-H
stretching bands; the peak at 1658.78 shows C=C. A broader peak
observed at 3302.13 cm! corresponds to the-OH hydrogen bonding.
Presence of the CHs group is indicated by the characteristic peak at
1450.47 cm. 1018 cm! indicated the stretching vibration of the C-
0-C group.

A —

Fig. 4: FT-IR spectrum of methanolic extract of Acanthus ilicifolius

GC-MS analysis

The GC-MS profile of the methanolic extract of Acanthus ilicifolius
identified several major phytochemical compounds (fig. 5). Few
medicinally important phytoconstituents present in the extracts
are Germacrene, Propanoic acid, alpha-Muurolene, Caryophyllene,
1-Hexadecanol, Octadecatrienoic acid, n-Hexadecanoic acid,

Phytol, Oleic acid, Miltefosine, Vitamin E and Squalene (table 4).
This wide variety of biologically active compounds indicates that
these extracts may have potent therapeutic applications. However,
further research is required to identify and purify the active
compounds responsible for the therapeutic activity. Squalene has
been identified as a major constituent in olive oil using GC-MS
studies [14].
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Fig. 5: GC-MS spectrum of methanolic extract of Acanthus ilicifolius

Table 4: List of few important phytochemicals present in GC-MS profile of methanol extract of Acanthus ilicifolius

Retention time Name of compound Mol formula Component area
5.84 1-Dodecanol C12Hz260 0.359
8.571 Cyclohexane CeHiz 1.69
8.976 Caryophyllene Ci1sHza 3.199
9.431 Humulene CisHas 0.406
9.751 Germacrene D CisHas 0.531
10.081 2,4-Di-tert-butylphenol C14H220 0.3
10.131 1,5-Cyclodecadiene CioH16 1.192
10.271 Naphthalene CioHs 1.838
11.412 Caryophyllene oxide CisH240 0.318
11.617 1-Hexadecanol C16H340 0.806
16.704 2-Pentadecanone Ci1sH300 0.667
19.11 n-Hexadecanoic acid C16H3202 8.692
21.781 Phytol C20Ha00 9.91
22.191 9,12-Octadecadienoic acid (Z,Z)- C1sH320 1.879
22.321 Oleic acid C18H3402 8.529
24.017 Squalene C30Hso 2.795
27.378 Miltefosine C21Ha6NO4P 0.363
27.543 Vitamin E C29H5002 4.437
28.854 Propanoic acid C3HeO, 0.323
HPLC analysis formula C3oHso hydrocarbon with six non-conjugated double bonds,

We further wanted to confirm the presence of squalene in our
extract. The modern analytic methods used for the quantitative
determination of squalene are the chromatographic ones: high-
performance liquid chromatography (HPLC) alone or coupled with
mass spectrometry (HPLC/MS). Squalene, a hydrocarbon with the

VWD Sigmal A,
208 nm Mesults
Name

Retention Time Arca

presence in the extract was determined using HPLC. The HPLC
profile of Acanthus ilicifolius methanolic extract is depicted in fig. 8.
The profile of Squalene showed its characteristic peak at 8.843 and a
similararea marked on the profile of methanolic extract showed the
presence of Squalene in methanolic extract at a concentration of
0.460 ppm.

| 1000

1 SQUALENE 8.797

Height Cone.{ppm|

SOUALENE

Totals
| 277038

106318 [T

100,00 | 106318

Fig. 5: HPLC graph showing the presence of squalene in the methanolic extract of Acanthus ilicifolius

Cytotoxicity properties of the extract

The GC-MS study of the methanolic extract of Acanthus ilicifolius
shows the presence of numerous bioactive compounds. To
determine whether the extract shows cytotoxic effects, HeLa cells
were incubated with different concentrations of the extract along

with doxorubicin (positive control). Post 24 h incubation, increasing
concentration of the extract shows considerable cytotoxicity (fig.
6A). Further MTT assay showed only 53% cell viability in the
presence of 400ug/ml of the extract which is similar in comparison
to the positive control doxorubicin which showed 61% cell viability
(fig. 6B).
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Fig. 6: A) Effect of increasing concentration of methanolic extract of Acanthus ilicifolius and Doxorubicin (positive control) on HeLa cell
line. B) Graph depicting percentage viability of HeLa cells in the absence and presence of the methanolic extract of Acanthus ilicifolius

estimated by MTT assay

Wound healing activity treated cells showed 36.68% and 51.53% wound coverage,

respectively when compared to 8.58% in untreated cells. Upon
The proliferative activity of the extract was determined using wound further incubation, there was almost complete wound coverage in
healing assay. It was observed that within 24 h of addition to the both Allantoin and extract-treated cells within 48 h, whereas only
cells, both Allantonin (positive control) and methanolic extract 32% wound coverage was observed in untreated cells (fig. 7).

L929 cell line
Untreated Allantonin (positive control) Methanaolic extract

0 hours

24 hours 12 hours

48 hours

27



S.K.A.etal

120 4

100 -

= (=) =]
=] (=] =
1 1 1

=2
>
1

Percentage of wound healing

=

Int J Curr Pharm Res, Vol 15, Issue 1, 22-29

wild

Time (Hours)

E Contrel ®Positive control Extract

Fig. 7: A) Image showing wound healing in the absence and presence of methanolic extract of Acanthus ilicifolius with time on L929 cell
line. Allantoin is the positive control. B) Graph depicts the percentage of wound healing in the absence and presence of the methanolic
extract of Acanthus ilicifolius with time

DISCUSSION

Mangroves are rich in secondary metabolites having wide
applications for the treatment of diseases which could be due to the
harsh conditions in which they thrive [15]. Acanthus ilicifolius is
extensively found on Indian coastline. Our extracts showed the
presence of all the major classes of secondary metabolites. This is in
accordance with earlier reports [16, 17]. Our phytochemical analysis
showed the maximum amount of phenols and flavonoids in the
methanolic leaf extract. A recent report also shows high levels of
phenols in methanolic extract of Acanthus ilicifolius [18]. The
presence of these compounds could be the reason for the highest
inhibition of DPPH observed in methanolic extract. DPPH activity of
methanolic extract with ICso value of 30pg/mg has been reported
previously [16]. Another similar work using methanolic extract also
reports high DPPH inhibition with ICso of 49.73+1.14ug/ml [18].
Further, this extract showed antimicrobial activity against Klebsiella
pneumoniae and Staphylococcus aureus. Similar observations have
been reported [19] though they also showed a significant effect
against E coli which was not observed in our study. Methanolic
extracts have also shown effects against Salmonella typhi and
Candida albicans [16]. GC-MS analysis of the extract showed the
presence of numerous bioactive compounds as listed in the table 4.
Previous observations also show the presence of numerous
secondary metabolites upon GC-MS analysis of methanolic leaf
extract [16]. Out of these, squalene presence was further verified
using HPLC. Squalene, a triterpene is found in higher-order
organisms as part of the cholesterol biosynthetic pathway. Squalene
has been reported to protect skin from oxidative stress induced by
free radicals. Its mechanism involves removal of free radical oxygen
generated due to UV exposure and thus prevents lipid peroxidation
[20]. Squalene is also reported to modulate lipid profiles especially
reducing cholesterol levels thus serving as a potential
cardioprotector [7, 21]. Further, the extract was shown to have
cytotoxic activity against the HeLa cell line in our study, with about
53% viability in the presence of 400ug/ml of the extract as
estimated by MTT assay. A recent report suggests that an effective
concentration of 1000ug/ml or lesser in crude extract indicates the
presence of promising anticancer activity [22]. The aqueous root
extract of Acanthus ilicifolius has previously shown cytotoxicity
against HEP G2 cell line [23]. Ethyl acetate extracts of this mangrove
have shown a significant effect against breast cancer cell line MCF-7
[24]. Acanthus ilicifolius aqueous extracts have shown
chemotherapeutic and hepatoprotection in xenograft models
generated using the Ehrlich ascites cell line [25]. It will be
interesting to identify the compounds responsible for the
cytotoxicity effect in the methanolic extracts of Acanthus ilicifolius
and also determine their mechanism of action. Wound healing
scratch assay is used to determine the effect of drugs or extracts on
cell migration properties of cells [26]. We observed promising cell
migration activity as evident by similar effects on L929 cell line as

Allantoin, a known positive control used to test for wound healing.
Methanolic leaf extracts have shown a reduction in rat paw oedema
in experiments indicating anti-inflammatory and wound-healing
properties of the extract [27]. Methanolic extract from Acanthus
polystachyus have shown wound healing effects in swiss albino
mouse models [28].

CONCLUSION

The high levels of antioxidant, antimicrobial, cytotoxicity, and
wound healing activities of the extracts of Acanthus ilicifolius shows
it as an ideal plant source for use in medicine. It is imperative to
further diverge into identifying the compounds present in the
extract which could lead to the discovery of new potential drugs.
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