RESEARCH PAPER

Evaluating the Flavonoid-Enriched fraction of Padina tetrastromatica a
brown Seaweed as a Marine Chemotherapeutic Prospect Integrated
MTT Cytotoxic Profiling in A375 Melanoma Cells.

Prakash Yoganandam G, Sittarthan V2, Muthukumaran M3, Stephen I* & Gowrishankar J*3

! Assistant professor, Department of Pharmacognosy, College of Pharmacy, Mother Theresa Post Graduate and Research
Institute of Health Science, Gorimedu, Puducherry, India, Email: prakashyoganandam@mtpgrihs.ac.in

2Associate professor, Department of Pharmacology, Shri Venkateshwara College of Pharmacy, Ariyur, Puducherry,

India Email: insiddhu@gmail.com

3Professor cum Principal, Department of Pharmaceutics, School of Pharmacy, SBV Karaikal Campus, Sri Balaji
Vidyapeeth (Deemed to be University), Pondicherry, India, Email: pharmacy.karaikal@sbvu.ac.in

4Assistant professor, Department of Pharmacology, Shri Venkateshwara College of Pharmacy, Ariyur, Puducherry,
India, Email: stephenillango5@gmail.com

3* Assistant Professor, Department of Pharmacognosy, School of Pharmacy SBV Karaikal Campus, Sri Balaji
Vidyapeeth (Deemed to be University), Pondicherry, India,
Email: gowrishankarj.sop@k.sbvu.ac.in

*Corresponding Author: Gowrishankar J
Email: kirshan357 @gmail.com

ABSTRACT:

Background: Marine algae are emerging as valuable sources of bioactive compounds with significant therapeutic
potential. Brown seaweeds possess diverse secondary metabolites, particularly flavonoids, which are known for their
antioxidant, anti-inflammatory, antimicrobial, and anticancer properties. This study aimed to evaluate the biological
potential of a flavonoid-enriched fraction obtained from Padina tetrastromatica, a marine brown seaweed. Methods: A
colorimetric cell viability assay was used to determine the cytotoxic activity of the flavonoid-enriched fraction of
Padina tetrastromatica in a human melanoma cell line. Results: The extract showed dose-dependent cytotoxicity
ranging from 3.12 to 100 pg/mL, with an ICsy of 50.15 pg/mL compared to 4.82 pg/mL of cisplatin. Cellular changes
were supported by morphological observations associated with apoptosis. Conclusion: The flavonoid-enriched fraction
exhibited moderate cytotoxic effects, suggesting its potential as a marine-based anticancer candidate. Further research,
including normal cell line evaluation and comprehensive phytochemical characterization, is needed.
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INTRODUCTION:

Cancer is a significant global health issue and one of
the leading causes of death worldwide (1,2). One of the
most violent types of skin cancer is melanoma which is
a malignant tumour of melanocytes and is closely
related to long-term exposure to ultraviolet radiation
and genetic mutations impacting the tumour suppressor
pathways (3). Nevertheless, melanoma remains a
serious clinical problem since it has a metastatic
potential and resistance to conventional treatments,
regardless of the developments in the therapeutic
strategies (4). Natural products have traditionally been
considered as rich sources of anticancer agents.
Phytochemicals, including flavonoids and phenolic
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compounds, have shown a great potential in the
reduction of oxidative stress and preventing tumour
progression. There is evidence that diets rich in
antioxidants and plant-derived compounds have been
shown to help in the prevention of cancer (5-10).
Nevertheless, the compounds of terrestrial plants are
usually restricted by such factors as low stability and
bioavailability (11-14). Marine macroalgae (seaweeds)
have attracted growing attention as alternative sources
of bioactive compounds because of their special
metabolic adaptations in marine ecosystem (15,16).
Such organisms synthesize structurally diverse
secondary metabolites, such as polysaccharides,
polyunsaturated fatty acids, pigments, and phenolic
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compounds, that have antioxidant, anti-inflammatory,
and anticancer effects (17-19). Padina tetrastromatica
is a brown macroalga, which has been reported to have
a wide range of bioactive constituents that possess
antioxidant and therapeutic properties (18,20).
Previously, most research has concentrated on its
polysaccharide, rather than its antioxidant properties,
and there is little information on its cytotoxic
properties, especially against melanoma cell lines
(20,21). Thus, the objective of the current research was
to determine the cytotoxic potential of the flavonoid-
enriched part of Padina tetrastromatica against a
human melanoma cell line. This study gives a
preliminary insight of its anticancer activity, but
additional confirmation by normal cell line research
and chemical characterization is needed.

MATERIALS AND METHODS:

Collection and Identification:

The marine macroalgae Padina tetrastromatica samples
were collected from coastline of Mandapam
(9°16’37.34”N;  79°7°30.78”E), = Ramanathapuram
district, India. The sample were authenticated by
marine botanist at Annamalai university, Portonova.

Extraction:

This alga does not have any rooting system but they
had an attachment portion by which they attached at
rocks. Samples were collected, and extraneous
materials were removed by rigorous washing with
seawater, followed by a final wash with tap water. The
samples were then shade-dried and powdered using an
electric mixer (22-24). The resulting powder was
stored in an airtight container for later use. The fine
powder of Padina tetrastromatica was macerated with
150 ml of methanol. The extract was enriched with
flavonoids by partitioning the organic and aqueous
layers in a separating funnel. The filtrate was initially
separated using petroleum ether and allowed to stand
for 30 minutes; the aqueous layer was then collected
and separated using n-hexane to obtain the final
fraction for further processing (21).

ANTICANCER ACTIVITY:

The antioxidant activity of this flavonoidal fraction,
along with its total flavonoid and phenolic
concentrations, was previously reported, providing a
basis for this cytotoxicity assessment (21). The
cytotoxic activity of the flavonoid-rich fraction of
Padina tetrastromatica was evaluated using the MTT
assay in human melanoma cells (A375 cell line). The
MTT assay is a straightforward method for
demonstrating anticancer activity with reproducible
results; cell viability is indicated by the formation of a
purple formazan product, which is measured
spectrophotometrically. This measurement reflects the
number of viable cells and indicates the extent of
cytotoxicity induced by the test sample

Preparation of test solution

For cytotoxic evaluation, the flavonoidal fraction was
prepared in a series of concentration from 3.125-
100pg/mL using serial dilution method.

Cell culture preparation:

For cell line preparation, human melanoma cells were
procured from the National Centre for Cell Science.
Cells were cultured in growth medium supplemented
with 10% heat-inactivated fetal bovine serum,
penicillin (100 IU/mL), streptomycin (100 p g/mL).
Cultures were maintained at 37°C in a humidified
incubator with 5% CO,. Upon reaching adequate
confluency, cells were detached using a trypsin- EDTA
solution and evaluated for viability. Subsequently,
50,000 viable cells per well were seeded into 96 well
plates and incubated for 1 day under standard culture
condition (25-27).

Procedure

The monolayer cells were detached using trypsin, and
the cell density was adjusted to 1.0 x 10° cells/mL
using complete growth medium supplemented with
10% fetal bovine serum. Aliquots of 100 uL of the cell
suspension were seeded into each well of a 96-well
microplate, resulting in approximately 50,000 cells per
well. After 24 h of incubation, a partial monolayer was
observed. The supernatant was discarded, and the cell
layer was gently washed with fresh medium.
Subsequently, 100 pL of test drug solutions at varying
concentrations were added to the respective wells. The
plates were incubation at temperature of 37°C for a day
in an environment having 5% CO.. Following
incubation, all test solution were removed from wells
and 100 pL of a MTT solution (which consists of 5 mg
per 10 ml of MTT added in PBS) was added into each
well. The plates underwent another four h incubation at
37°C in condition of 5 % CO, (28-31). After four
hours, supernatant fluid was taken out and 100 pL of
the DMSO were added to each well so plates could be
moved slightly to help the formazan become dissolved.
The microplate reader was used to get the absorbance at
570 nm wavelength. The inhibition percentage was
found with a specific calculation and the drug
concentration needed to stop cell growth by a factor of
50 (ICso) was figured by dose-response graph generated
for each treatment group.

ICso Value:

The half maximal inhibitory concentration (ICsg) is
quantitative parameter used to describe the potency of a
test compound in suppressing a defined biological or
chemical reaction. It represents the concentration at
which drug decrease cell viability by 50% compared
with untreated controls. In this study, ICsy values were
determined by plotting compound concentration against
percentage growth inhibition, followed by non-linear
regression analysis to generate a sigmoidal dose-
response curve. This method enables reliable
comparison of cytotoxicity efficacy among test samples
(22,23,32).
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RESULTS AND DISCUSSION:

The cytotoxic potential of the flavonoidal fraction of
Padina tetrastromatica (FRPD) was evaluated against
A375 human melanoma cells using the MTT
colorimetric assay, with cisplatin as a reference
standard. This assay measures cell viability based on
mitochondrial ~ dehydrogenase  activity, =~ which
enzymatically converts MTT into insoluble formazan
crystals in active cells. The intensity of the formazan
color, measured spectrophotometrically at 570 nm,
provide a direct measure of the number of viable cells
remaining after treatment.

Quantitative Evaluation of Cytotoxicity
Cells were exposed to increasing concentrations of
FRPD (3.12-100 pg/ml) and cisplatin for 1 day, and

mean optical density (OD) values were used to
calculate cell viability percentages shown in Table.1 &
Fig 1. Both compounds demonstrated a concentration-
dependent decrease in viability. The flavonoidal
fraction exhibited a gradual reduction in cell survival
from 95.96% at 3.12pug/mL to 27.92% at 100 pg/mL,
whereas cisplatin showed a much sharper decline from
66.22% at 3.26% at 100pg/mL. The calculated ICs
values were 50.15ug/mL for flavonoidal fraction and
4.82ug/mL for cisplatin, respectively. These findings
indicate that cisplatin remains significantly more potent
than FRPD shown in Table 2 & Fig 2; however, FRPD
demonstrated measurable dose-dependent cytotoxic
effects, suggesting its potential as a promising
anticancer compound.

Table 1 Cytotoxic effect of FRPD on human melanoma cell line assessed by MTT assay

MTT Assay of FRPD Human melanoma cell line
Concentration pg/mL

Parameters Blank Untreated 312 6.25 12.5 25 50 100
Reading 1 0.004 1.214 1.154 1.022 0.960 0.814 0.686 0.329
Reading 2 0.004 1.203 1.168 1.01 0.927 0.816 0.704 0.352
Reading 3 0.003 1.211 1.160 1.018 0.955 0.833 0.690 0.340
Mean 0.003 1.209 1.1606 1.0166 0.947 0.821 0.693 0.340
g‘l‘;“k Mean 1.205 1157 | 1013 | 09436 | 0817 | 0.689%6 | 0337
Star.ndz'nrd 0.0056 0.0070 0.0061 0.017 0.0104 0.0094 0.0115
deviation
% Viability 100 95.96 84.01 78.26 67.79 57.20 27.92

1Cso Value 50.15

Values represent triplicate readings (Reading 1-3) expressed as mean =+ standard deviation. Blank represents media
without cells, and untreated cells serve as the control (100% viability)
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Figure 1 Effect of FRPD on Cell Viability of Human Melanoma Cells.

Table 2 Cytotoxic effect of Cisplatin on human melanoma cell line assessed by MTT assay

MTT Assay of Standard (Cisplatin) Human melanoma cell line
Concentration pg/mL
Parameters Blank Untreated 312 6.25 12.5 25 50 100
Reading 1 0.004 1.214 0.815 0.553 0.273 0.182 0.088 0.042
Reading 2 0.004 1.203 0.788 0.568 0.296 0.16 0.103 0.026
Reading 3 0.003 1.211 0.803 0.537 0.27 0.176 0.095 0.061
Mean 0.003 1.209 0.802 0.5526 0.2796 0.1726 0.0953 0.040
Mean OD 1.205 0.798 0.549 0.276 0.169 0.091 0.039
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Standard 0.00561 0.013 0.0155 | 00142 | 00113 | 0.007 | 0017

deviation

% Viability 100 6621 4553 2289 | 1401 7.60 326
ICso Value 4.82

Values represent triplicate readings (Reading 1-3) expressed as mean + standard deviation. Blank represents media
without cells, and untreated cells serve as the control (100% viability)
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Figure 2 Dose-dependent effect of cisplatin on cell viability in human melanoma cells determined by MTT assay.

Table 2: Cell viability (Concentration versus % of cell viability)

Concentration Flavonoidal fraction — Viability % Cisplatin — Mean Viability %
(ng/mL) Mean OD (after blank) OD (after blank)
Untreated 12057 100.00 12057 100.00
control
3.12 1.1570 95.96 0.7983 66.22
6.25 1.0130 84.02 0.5490 45.53
12.5 0.9437 78.27 0.2760 22.89
25 0.8173 67.79 0.1690 14.02
50 0.6897 57.20 0.0917 7.60
100 0.3367 27.92 0.0393 3.26

The resulting dose-dependent curve (Fig. 3) clearly illustrates a concentration-dependent reduction in cell viability for
both compounds. Cisplatin exhibited a pronounced inhibition of cell proliferation, with viability decreasing to below
10% at a concentration of 50 ug/mL. In contrast, the flavonoidal fractions demonstrated a more gradual decline,
reaching approximately 28% viability at 100 pg/mL. The calculated ICsy values were 50.15 pg/mL for FRPD and 4.82

pg/mL for cisplatin, indicating that while cisplatin is more potent, the flavonoidal fraction exhibits significant cytotoxic
activity.

1JDDT, Volumel6 Issue 53s, 2026
Page: 258



Evaluating the Flavonoid-Enriched fraction of Padina tetrastromatica a brown Seaweed as a Marine Chemotherapeutic
Prospect Integrated MTT Cytotoxic Profiling in A375 Melanoma Cells.

MTT assay - A375 cell line
120 -
100 - Flavonoidal
—— .

80 - fraction
= ~m— Cisplatin
Qa 60 -
o
S
) 40 -
J
= 20

0 T E 3 1
0 50 100 150
Concentration (pg/mL)

Figure 3: MTT assay of A375 cell line treated with Flavonoidal fraction of Padina tetrastromatica and Cisplatin for 24
hours, showing percentage cell viability versus concentration (ug/mL).

Morphological Analysis (Based on 24 hours microscopic Observation)

Direct microscopic imaging (Fig.4 & 5) from the experimental data revealed progression morphological damage with

increasing drug concentration when compared with control cells in Fig.4.

i ]

| ol
Figure 4: Control cells (untreated) appeared healthy, polygonal, and tightly attached to the culture surface.

Cells exposed to the flavonoidal fraction exhibited distinct cytoplasmic shrinkage and rounding at concentrations
ranging from 12.5 to 50 pg/mL. At the highest concentration tested (100 pg/mL), the majority of cells detached, lost
membrane integrity, and displayed hallmark features of apoptosis, including membrane blebbing (Fig. 5 A). In
comparison, cisplatin-treated cells showed more severe morphological deterioration even at lower concentrations (6.25
pg/mL), with near-complete detachment observed between 25 and 100 pg/mL, underscoring its potent cytotoxic effects
(Fig. 5 B).
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CYTOTOXICITY ASSAY - A375 CELL LINE

Figure 5 The cell morphology of A375 cells after treating with various concentration of A) FRPD & B) Cisplatin for 24 h

Interpretation and Literature Correlation

The cytotoxicity of FRPD could be attributed to its
interaction with mitochondrial enzymes, which results
in decreased energy metabolism and the initiation of
apoptotic  signalling. The characteristic cellular
shrinkage and membrane blebbing observed in
microscopy support this hypothesis. Similar findings
have demonstrated that MTT reduction is a valid
indicator of mitochondrial function and cell viability
(24,33,34).

Although the cytotoxic activity of the flavonoidal
fraction is lower than that of standard cisplatin, the
results indicate a clear dose-dependent antiproliferative
effects. FRPD stands as a promising lead molecule for
further optimisation, potentially offering reduced

toxicity compared with conventional
chemotherapeutics.
Conclusion

In conclusion, the present study confirms that
flavonoidal fraction of Padina tetrastromatica exerts
significant cytotoxic effects on A375 melanoma cells,
as evidenced by both the MTT assay and
morphological alteration. With an ICso value of 50.15
pg/mL, FRPD demonstrated measurable anticancer
potential. The combination of quantitative and
qualitative evidence supports the hypothesis that FRPD
induces apoptosis-mediated cell death. Further studies
should aim to characterize the underlying molecular
mechanism and assess in vivo efficacy.
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