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might be a promising antioxidant and anticancer therapeutics.

INTRODUCTION

Brown seaweed is known as macroalgae is acquiring major
relevance due to the synthesis of novel bioactive compounds
such as fatty acids, polysaccharides, alkaloids, terpenes, steroids,
heterocyclic carbons and cyclic peptides. The majority of these
metabolites have some physiological actions such as antioxidant,
anti-inflammatory, antimalarial, antimicrobial, antiviral and
anticancer [1,2]. Cancer is a group of disorders in which cells
continue to develop uncontrollably, spread into adjacent tissues
and form tumors. A poor diet, drug use, infectious organisms,
environmental pollutants, inherited genetic mutations, hormones
and immunological disorders are all variables that might cause
cancer [3] and is regarded as one of the world’s leading causes
of death [4]. In 2018, an estimated 18.1 million new instances
of cancer were identified, with 9.6 million cancer deaths, making
cancer one of the leading causes of morbidity and mortality in
humans. The most common forms of cancer are breast, lung
and colorectal cancers, which account for the majority of cancer
cases worldwide [5-8].
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Until now, there has been no safe cancer treatment because
the currently available medications cause side effects such as
vomiting, nausea, diarrhea and exhaustion. As a result, it’s
critical to investigate and find new anticancer drugs derived
from natural sources that are safe, inexpensive and less harmful
[1]. Marine sources are the most common and produce high-
quality bioactive metabolites. A total of 20,000 compounds
have been reported from algae, as well as 12,000 compounds
from other tiny members of marine plants, animals and other
sources, excluding bacteria [9]. Majority of pharmaceuticals
are made from microbes, herbal plants and seaweeds. However,
macroalgae can be thought of as natural bioactive chemical
factories.

Brown seaweeds have more antioxidant capabilities than
red and green seaweeds [10]. Turbinaria ornata, brown seaweed,
is the most important in biomedical and biopharmaceutical
research [11]. It contains antioxidants, antimicrobial, anti-
fungal, larvicidal and anticancer properties [12]. Based on the
foregoing, the current work analyzing the phytochemical com-
pounds in two solvents e.g. aqueous and ethanol. Further, an
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ethanolic extract of 7. ornata (EETO) to conduct quantitative
phytochemical screening and to identify the active phyto-
chemical components responsible for antioxidant activity. In
vitro cytotoxicity and cell morphology experiments against
human breast adenocarcinoma (MCF-7) cells were also under-
taken to determine their anticancer properties.

EXPERIMENTAL

Cell lines: MCF-7 (human breast adenocarcinoma) cells
were initially purchased from National Centre for Cell Science
(NCCS), Pune, India. Dulbecco’s Modified Eagle’s Medium
(DMEM) medium (Sigma-Aldrich, USA), fetal bovine serum
(FBS) and antibiotic solution were purchased from Merck,
Germany. 1,10-Phenanthroline and 2,2-diphenyl-1-picryl
hydrazyl (DPPH) were obtained from Sigma Chemical Co.,
USA. The rest of the chemicals and solvents were of Analytical
grade.

Brown algae: Fresh brown seaweeds of T. ornata were
collected from the coastal area of Rameswaram town, India.
T. ornata (Ref No.: BSI/SRC/5/23/2015/Tech/920) algae sample
was identified and authenticated by Dr. M. Palanisamy, Scientist
D, Botanical Survey of India, Southern region centre, Tamil
Nadu Agriculture University Campus, Coimbatore, India. The
T. ornata was carefully rinsed with fresh water and dehydrated
in the shade at room temperature for a week. The dehydrated
T. ornata sample was powdered and stored at —20 °C.

Preparation of 7. ornata extracts: The T. ornata extract
was prepared using two different solvents (aqueous and ethanol).
Powdered T. ornata sample (10 g) in two conical flasks along
with added 500 mL of distilled water and absolute ethanol,
respectively. Both extracts were shaken well for 0.5 h by rotary
shaker and kept for 24 h. After 24 h, extractions were filtered
using Whatman No.1 filter paper and the filtrate was further
used for analysis.

Phytochemical screening: Phytochemical screening of
both aqueous and ethanol extract of 7. ornata was carried out
qualitatively for the presence of polyphenols, flavonoids, cardiac
glycosides, alkaloids, anthraquinones, terpenes, tannins, sapo-
nins, coumarins, emodins, anthocyanins and steroids according
to the reported method [13-15]. Further, the total phenols and
total flavonoids content in the ethanolic extract were quanti-
tatively determined according to the reported method [16,17]
and the values were expressed as mg/g.

In vitro reactive oxidants scavenging activities: The
reactive oxidants scavenging activity was carried out by a
reported method with slight modifications [18,19]. The DPPH
radical scavenging activity was carried out using different
concentrations of (20-80 pg/mL) ethanolic extract of T. ornata
(EETO) or ascorbic acid (standard). The reaction mixture was
incubated with 100 uM of DPPH in 2 mL of methanol for 30
min in dark conditions. The DPPH devoid of test samples
served as control. The decrease in absorbance was read at 517
nm using a UV-vis spectrophotometer (UV-1800, Shimadzu,
Torrance, USA). For hydroxyl radical scavenging assay, various
concentrations of (20-80 pg/mL) EETO or ascorbic acid (stan-
dard) was added to the reaction mixture [FeCl; (1.0 mM), 1,10-
phenanthroline (1 mM), 0.2 M phosphate buffer (pH 7.8), H,O,

(0.17 M)] and incubated for 5 min at room temperature. The
absorbance was measured at 560 nm using a UV-vis spectro-
photometer.

Determination of cell viability by MTT assay: MCF-7
cells were cultured in liquid medium (DMEM) supplemented
with 10% FBS, 100 U/mL penicillin, 100 pg/mL streptomycin
and 2.5 pg/mL amphotericin B and maintained under 5% CO,
incubator at 37 °C. All the assays were carried out at 80%
confluence of the cells. For cytotoxicity analysis, MCF-7 cells
were treated with various concentrations (25-100 pg/mL) of
EETO for 24 h. After the treatment, the liquid portion of the
media was removed, then 30 pL. of MTT solution was added
to each well and incubated for 4 h at 37 °C in a CO, incubator.
Later, the medium containing MTT was removed from each
well and replaced with 100 pL of DMSO to dissolve the dark
blue formazan formed in surviving cells. Then, the absorbance
was read using a microplate reader at a wavelength of 540
nm. After MTT treatment, the structural changes around the
surface in MCF-7 cells were examined. In the present study,
cellular changes in MCF-7 were initiated by EETO. All kinds
of cells were exposed to various concentrations (25-200 pg/
mL) of EETO. Finally, the cells from treated groups were subje-
cted to wash and observed under an inverted phase-contrast
tissue culture microscope (Olympus CKX41 with Optika Pro5
CCD camera). Each experiment was carried out twice and in
triplicate [20,21].

RESULTS AND DISCUSSION

Preliminary phytochemical screening: The qualitative
phytochemical screening results showed that saponins, steroids,
polyphenols, glycosides, tannins, alkaloids, anthraquinones,
coumarins, emodins and anthocyanins were present in both
extracts i.e. AETO and EETO (Table-1). In comparison, EETO
showed a higher concentration of phytochemicals particularly,
flavonoids and terpenoids than AETO. Due to the significant
concentration of phytochemicals in EETO, it is subjected to
further screening. The predominant concentration of poly-
phenols and flavonoids in EETO was proved by quantitative
phytochemical screening. The total phenolic content (TPC)
and total flavonoid content (TFC) in EETO were found to be
179.52 + 12.56 mg/g and 122.23 + 8.54 mg/g, respectively.
Sivasankaran et al. [22] stated that the highest concentration
of TPC and TFC in T. ornata is could be used as an antibiotic.
These phytochemicals initiate their potential as bioactive com-
pounds. Wu et al. [23] reported that the phenolic compounds
are one of the most effective antioxidants in brown algae.
Muhammad et al. [24] exhibited that at the highest concen-
tration (3 mg/mL), an ethanolic extract of Sargassum polycystum
had the highest total phenolic content (627 + 50.81 mg GAE/
100 g dry samples). These findings suggested that phenolic
chemicals played a significant role in antioxidant activity.

In vitro reactive oxidants scavenging activities: In the
DPPH scavenging assay, EETO showed 85% of DPPH radical
scavenging activity at 80 pLg/mL concentration. The ICs, value
of EETO for DPPH scavenging activity was 48 pg/mL. The
ICs, value of ascorbic acid (standard) for DPPH scavenging
activity was 44 pg/mL. The EETO showed potent antioxidant
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TABLE-1
PHYTOCHEMICAL SCREENING OF EETO
Phytochemicals EETO AETO

Tannin Moderate presence Moderate presence
Saponins Higher presence Higher presence
Flavonoids Higher presence Moderate presence
Steroids Higher presence Higher presence
Terpenoids Higher presence Moderate presence
Triterpenoids Higher presence Moderate presence
Alkaloids Absence Absence
Antroquinone Moderate presence Moderate presence
Polyphenol Higher presence Higher presence
Glycosides Higher presence Higher presence
Coumarins Moderate presence Moderate presence
Emodins Absence Absence
Anthocyanins Absence Absence

activity which was comparable to that of standard ascorbic
acid as shown in Fig. 1a. The percentage scavenging effect of
EETO was found to be increased dose dependently. Nazarudin
et al. [24] reported that an ethanolic extract of Sargassum
polycystum had the highest DPPH scavenging activity (61.4 +
0.171%). Alharbi et al. [25] exhibited that the EETO showed
excellent total antioxidant activity and DPPH scavenging
activity at higher concentration of 250 pug/mL. The Moroccan
seaweed Fucus spiralis showed significant DPPH scavenging
activity with ICsy value of 47.23 + 3.8 ug/mL [26]. Aminina
et al. [27] revealed that the free radical scavenging effect of
the bioactive compound phlorotannins is one of the poly-
phenols, determined by phenolic hydroxyl groups attached to
a ring structure, which act as electron traps are reliable with
higher scavenging effect among highest polyphenolic concen-
tration in brown algae.

The hydroxyl radical (OH®) is the most reactive and toxic
ROS ever discovered. The Fenton reaction between H,O, and
O, is catalyzed by transition metals like Fe (Fe**, Fe**) at neutral
pH. It has the ability to cause lipid peroxidation (LPO), protein
degradation and membrane breakdown in several cellular comp-
onents. Excess aggregation of OH" causes cellular death because
there is no enzymatic machinery to scavenge this harmful radical

[28]. As well, in hydroxyl radical scavenging, the percentage
scavenging of EETO was increased in a dose-dependent manner
(Fig. 1b). The EETO showed 82% of hydroxyl radical scaven-
ging activity at 80 pg/mL concentration. The ICs value of EETO
for hydroxyl radical scavenging activity was 50 ug/mL. The
hydroxyl radical quenching effect of EETO was comparable
to that of ascorbic acid (standard). The most reactive hydroxyl
radical has a short half-life, can remove hydrogen atoms by
radicals from cell membranes and cause oxidative degradation
of lipids [29]. In present study, EETO showed a significant
effect on DPPH and hydroxyl radical scavenging it might be
due to the occurrence of bioactive compounds like flavonoid
and tannins synergistically contribute to the antioxidant property
of EETO.

Anticancer activity: MCF-7 cell line was used to study
the anticancer effect of different concentrations (25-200 pg/
mL) of EETO by MTT reduction assay and 5-fluorouracil was
used as a positive control. MCF-7 cells treated with different
concentrations of EETO showed increasing cell inhibition in
a dose-dependent manner. The result showed that the anti-
cancer effect of EETO was 76% (Fig. 2). Decreased percentage
of cell viability has been observed in increasing concentration
of EETO, as proved by cell death. The LCs, (lethal concen-
tration 50 %) value of EETO in MCF-7 was found to be 115.19
png/mL (Table-2). In this study, the EETO showed significant
anticancer activity toward the MCF-7 cells.

The morphological changes in MCF-7 cells were observed
by an inverted phase-contrast microscope (Fig. 3). In control,
an opaque cell layer was observed. Furthermore, MCF-7 cells
treated with the EETO were noticed with low density and frag-
mented cells owing to apoptotic cell death. The development
of apoptotic cells could be caused by changes in nuclear content
as well as mitochondrial membrane potential. Because of their
ability to prevent mitotic cell division, terpenoids are regarded
interesting bioactive chemicals in the quest for anticancer medi-
cines [30]. Many studies have been reported on the anticancer
activity of brown seaweed Turbinaria sp. utilizing different
extracts on various cancer cells. Turbinaria sp. does, in fact,
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Fig. 1. Antioxidant scavenging effect of EETO. DPPH radical scavenging activity (a) and hydroxyl radical scavenging activity (b) of EETO

are shown. Results are expressed as mean + SD (n = 6)
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TABLE-2
EFFECT OF DIFFERENT CONCENTRATIONS OF EETO ON VIABILITY AGAINST MCF-7 CELL

Activity Cell control 25 (ug/mL)

50 (ug/mL) 100 (ug/mL) 200 (ug/mL)

Viability (%) 100 85.42

70.56 40.12 24.45

LC,, value (ug/mL)

115.19

1004
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Fig. 2. Anticancer activity of EETO against MCF-7 cells

have varying dosage effects depending on the formulation. Ethyl
acetate fraction of 7. conoides showed significant anticancer
activity against HepG2 cell line, cell growth inhibition was
found to be 67% at 24 h and 83% at 48 h [31]. Ethanolic
extract of Padina australis and T. ornata exhibited significant
cytotoxicity against baker’s yeast on highest concentration with
an ICs value was found to be 0.54 mg/mL and 0.53 mg/mL,

Jug/mlE Standard

respectively [32]. Bharath et al. [33] reported that in vitro anti-
cancer activity of hexadecanoic acid of T. ornata has a
significant cell growth inhibitory action against HT-29 human
colon cancer cells, with an ICs, value of 36.04 pg/mL.
According to Mofeed et al. [1], Ulva lactuca (88.5 + 1.08%)
and Amphiroa anceps (86.1 £ 2.88%) extracts had the highest
inhibitory percentages against MCF-7 and colorectal carcinoma
cell lines (HCT-116) in in vitro anticancer activity. Brown sea-
weed extracts were found to be cytotoxic to the MCF-7 cell line
with ICs values ranging from 3.54 £ 1.2t0 21.2 = 1.1 ug/mL.
Overall, this study demonstrates that due to the existence of
bioactive compounds, the biological functions of EETO provide
aremarkable approach for the treatment of numerous disorders.

Conclusion

The curative effect of brown seaweed Turbinaria ornata
was investigated due to the presence of bioactive compounds.
The present study findings represented that an ethanolic extract
of T. ornata (EETO) showed the promising anticancer activity
against MCF-7 cells at higher concentrations. In addition,
EETO contains bioactive compounds like flavonoids and terpenes
may contribute to antioxidant and anticancer activity. Thus,
the purification of bioactive compounds from 7. ornata sp.
and its mechanism by which the compound induce an anti-
proliferation effect required to be considered in advance studies
to assist the strong application of these novel anticancer agents.
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Fig. 3. Morphological changes in MCF-7 cells by the exposure of different concentrations of EETO for 24 h. Images were recorded under

inverted phase contrast microscope. *p < 0.05 versus control
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