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Abstract

Mangrove-associated plants are rich reservoirs of unique bioactive compounds, owing to their adaptation to harsh coastal envi-
ronments, yet many remain underexplored for their therapeutic potential. Seed oils from such species offer a promising source
of natural antioxidants and anticancer agents. The present study aimed to conduct phytochemical characterization, antioxidant
assessment, and anticancer evaluation of seed oils extracted from selected mangrove-associated plants — Thespesia pop-
ulnea, Canavalia cathartica, and Derris trifoliata — using n-hexane via Soxhlet extraction. Preliminary phytochemical screening
revealed that T. populnea oil possessed the highest total phenolic (65.27 £ 0.25 mg GAE/g) and flavonoid (233.57 + 1.51 mg QE/
g) contents. Gas Chromatography—Mass Spectrometry (GC-MS) and High-Performance Thin-Layer Chromatography (HPTLC)
profiling confirmed the presence of diverse bioactive compounds such as tocopherols, flavonoids, sterols, terpenoids, and poly-
unsaturated fatty acids (PUFAs). Antioxidant activity was assessed through 2,2-diphenyl-1-picrylhydrazyl (DPPH), 2,2'-azino-bis
(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS-") and Superoxide Dismutase (SOD) assays showed that oil of T.
populnea exhibited the strongest radical scavenging ability, correlating with its rich flavonoid content. In contrast, D. trifoliata
seed oil demonstrated significant cytotoxicity against Dalton’s Lymphoma Ascites (DLA) cells (ICso of 62.3 pg/mL) and moderate
antiproliferative activity against MCF-7 breast cancer cells (ECsy of 80.50 pg/mL), supported by morphological evidence of apop-
tosis. These bioactivities are likely attributed to the presence of phytochemicals such as the triterpenoid C(14a}Homo-27-
norgammacer-14-ene, sterols like stigmasterol and y-sitosterol, and flavonoids including rotenone. Overall, the findings suggest
that these seed oils, especially those from T. populnea and D. trifoliata, offer promising prospects as sources of natural antioxi-
dants and potential anticancer agents.

Keywords: Antioxidant, Canavalia cathartica, Derris trifoliata, Thespesia populnea, MCF-7

INTRODUCTION crucial role in shoreline protection, carbon sequestra-

tion, and sustaining coastal biodiversity (Asari et al.,
Mangrove ecosystems are among the most productive 2021, Inoue, 2019, Rahman et al., 2024). However,
and biologically diverse habitats on Earth, playing a beyond their ecological importance, mangroves are
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increasingly recognized for their potential as sources of
novel therapeutic agents (Kiran Kumar and Pola 2023,
Sadeer, Zengin, and Mahomoodally 2023, Thatoi et al.
2013). Despite this, a significant number of mangrove
and mangrove-associated plants remain underexplored
or underutilized (Bandaranayake 1998), especially con-
cerning their phytochemical composition and pharma-
cological applications. The harsh and dynamic environ-
ment in which mangrove plants thrive, marked by high
salinity, tidal fluctuations, strong winds, and intense
sunlight, has driven the evolution of unique physiologi-
cal adaptations (Ashraf et al. 2018, Sudhir, et al., 2022).
These stress conditions often lead to the production of
diverse secondary metabolites such as alkaloids, flavo-
noids, phenolic compounds, terpenoids, and fatty acids,
which are known to exhibit a wide range of biological
activities, including antioxidant, anti-inflammatory, anti-
microbial, and anticancer effects (Ahlawat et al. 2024,
Prathamanijali et al., 2025). These natural defense com-
pounds, originally evolved to protect the plant, can have
significant therapeutic implications.

The rich presence of bioactive phytochemicals in plants
has encouraged researchers and industries alike to
explore their potential in developing plant-based foods,
medicines, and nutritional supplements. Natural antioxi-
dants derived from plants play a crucial role in disease
prevention. An imbalance between the production of
reactive oxygen species (ROS) and reactive nitrogen
species (RNS) and the body's ability to detoxify these
reactive intermediates can lead to oxidative stress,
which is associated with a wide range of physiological
disorders (Dhawan, 2014, Roberts et al. (2010). Envi-
ronmental factors such as exposure to high-energy ra-
diation, pollutants, pesticides, xenobiotics, smoking,
poor nutrition, and mental stress can significantly in-
crease the generation of these reactive species
(Aruoma 1998, Rahal et al. 2014). Psychological states,
including emotional stress and disease conditions, fur-
ther contribute to free radical production (Phaniendra,
Jestadi, and Periyasamy 2015). Antioxidants counteract
these harmful effects by neutralizing free radicals,
thereby protecting the body from cellular damage
(Mandelker 2011, Sindhi et al. 2013). Plants, therefore,
serve as vital reservoirs of natural antioxidants, largely
due to their content of diverse phytochemicals such as
fatty acids, alkaloids, steroids, flavonoids, polyphenols,
saponins, and terpenoids.

This work focuses on evaluating the antioxidant and
anticancer properties of seed oils from three underuti-
lized mangrove-associated species—Thespesia pop-
ulnea, Canavalia cathartica, and Derris trifoliata.
Through the integration of preliminary phytochemical
screening using Gas Chromatography-Mass Spectrom-
etry (GC-MS) and High-Performance Thin-Layer
Chromatography (HPTLC) analysis and in vitro antioxi-
dant and cytotoxicity assays, the study aimed to estab-
lish the pharmacological potential of these oils and
thereby advocates for the conservation of mangrove

ecosystems.
MATERIALS AND METHODS

Materials

The seeds of three wetland species (Fig.1) — T. pop-
ulnea, C. cathartica, and D. trifoliata were collected
from wetlands of Southern Kerala, India. n-hexane,
methanol, ferric chloride, potassium acetate, aluminum
chloride, sodium carbonate, sodium dihydrogen phos-
phate, Ethylenediaminetetraacetic acid (EDTA), sodium
hydrogen phosphate and hydrochloric acid were sup-
plied by Merck Millipore. 1,1-diphenyl-2-picrylhydrazyl
(DPPH), 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulpho
nic acid (ABTS-"), 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ),
riboflavin, nitro blue tetrazolium (NBT), Folin-Ciocalteu
reagent, penicillin-streptomycin solution, amphotericin
B solution, thiazolyl blue tetrazolium Blue (MTT) were
purchased from Sigma-Aldrich. DLA and MCF-7
(Human breast cancer) cell lines were initially procured
from the National Centre for Cell Sciences (NCCS),
Pune, India.

Extraction of seed oils

Freshly collected seeds were shade-dried under indi-
rect sunlight for one week. It was then ground in a
blender. The powder was extracted with n-hexane for 8
hours using a Soxhlet extractor — SoxTRON (SOX-3)
apparatus at 68°C. The solvent was removed from the
sample at 45°C under reduced pressure using a rotary
evaporator to obtain crude oil samples, which were
then stored in a freezer at -20°C.

Preliminary phytochemical evaluation of seed oils
Determination of total phenolics

Total phenolic content was estimated colorimetrically
using the Folin-Ciocalteu method, following the proce-
dure described by Singleton et al.. For the assay,
500 pL of the seed oil was mixed with 2 mL of 10% Fo-
lin-Ciocalteu reagent and subsequently neutralized with
4 mL of 7.5% sodium carbonate solution. The reaction
mixture was incubated at room temperature for 30
minutes with intermittent shaking. Absorbance was rec-
orded at 765 nm using a spectrophotometer. A calibra-
tion curve was constructed using gallic acid, and the
results were expressed as milligrams of gallic acid
equivalents (GAE) per gram of dry extract (mg/g GAE).

Determination of total flavonoids

Total flavonoid content of the samples was determined
using the Aluminum chloride colorimetric method, with
quercetin as the reference standard (Pekal and Pyrzyn-
ska 2014). An aliquot of 500 uL of the sample was
mixed with 1.5 mL of 95% ethanol, followed by 100 yL
of 10% aluminum chloride and 100 L of 1 M potassium
acetate. The final volume was adjusted to 5mL using
distilled water. The mixture was incubated at room tem-
perature for 30 minutes, and the absorbance of the
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Fig. 1. Seeds of mangrove associates (a) Thespesia populnea (b) Canavalia cathartica and (c) Derris trifoliata

resulting yellow complex was measured at 415 nm us-
ing a UV-Vis spectrophotometer. A blank was prepared
by substituting the aluminum chloride with distilled wa-
ter. A standard curve was plotted using quercetin and
the flavonoid content was expressed as milligrams of
quercetin equivalents (QE) per gram of dry extract.

Identification of compounds by Gas Chromatog-
raphy-Mass Spectroscopy (GC-MS)

For general profiling, samples were separated on DB-5
fused-silica capillary column in a Gas Chromatography
(Model: GC-MS-QP 2010, Shimadzu, Japan, ionization
energy of 70 eV) using a DB Wax column (30 mx0.25
mmx0.25 ym). The compounds were identified by com-
parison with the NIST mass spectral database
(National Institute of Standards and Technology,
Gaithersburg, Maryland, USA). The fatty acid composi-
tion of the seed oil was determined by converting it into
fatty acid methyl esters (FAMEs), followed by GC-MS.
A 0.25 g sample was refluxed with 20 mL of 0.5 M
methanolic KOH for 20 min at 55°C, then cooled and
esterified with 1.5 mL of H,SO, and 15 mL of methanol.
The mixture was refluxed for 30 min, cooled to room
temperature, and then 10 mL of n-heptane was added,
it was refluxed again for 10 min. The top layer was col-
lected through anhydrous sodium sulphate and trans-
ferred to 2 mL autosampler vials for GC-MS analysis.
The methyl esters of fatty acid were separated by GC-
MS and compared with NIST spectral database.

High Performance Thin Layer Chromatography
(HPYLC) analysis

Seed oils of T. populnea, C. cathartica, and D. trifoliata
were spotted on a TLC plate and developed using the
solvent system ethyl acetate: hexane: methanol
(1:1:0.125) in an HPTLC chamber. The developed
HPTLC plate was sprayed with the freshly prepared p-
anisaldehyde-sulfuric acid reagent. The plate was then
heated at 105°C for 3-5 minutes for the development of
color bands. The HPTLC plate was visualized under
white light and at 366 nm.

Antioxidant activities of Seed oils

Antioxidant activities of seed oils are commonly evalu-
ated using the assays: DPPH, which measures free
radical scavenging capacity, and ABTS-", which as-
sesses the ability to neutralize ABTS-* radicals, and

SOD assay, which quantifies the oil's potential to mimic
superoxide dismutase in disarming superoxide radicals
(Ochida et al., 2024, Okoh et al., 2014).

1,1-diphenyl-2-picrylhydrazyl
activity

The DPPH radical scavenging activity of the samples
was assessed following the method described by Aqui-
no et al (Aquino et al. 2001). DPPH, in its radical form,
exhibits a characteristic absorbance at 515 nm, which
diminishes upon reaction with an antioxidant. Various
concentrations of the sample aliquots were added to a
freshly prepared DPPH solution (0.25 g/L in methanol),
and the total volume was adjusted to 2 mL with metha-
nol. The mixtures were incubated in the dark at room
temperature for 20 minutes, after which the absorb-
ance was recorded at 515 nm using a UV-Vis spectro-
photometer. All measurements were performed in du-
plicate. The radical scavenging activity was calculated
as a percentage of inhibition relative to a control.

% Inhibition = (Absorbance of control- Absorbance of
sample) x 100 / Absorbance of control ....Eq. 1

(DPPH) scavenging

2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid (ABTS-*) scavenging activity

ABTS-* radical scavenging activity was evaluated fol-
lowing the method described by Barton et al (Barton
2010). The ABTS-" radical cation was generated
through the reaction between ABTS-" and sodium per-
sulfate (Na,S,0s). To assess antioxidant activity, 2 mL
of the ABTS-" solution was mixed with varying concen-
trations of the seed oil. After an incubation period of
6 minutes at room temperature, the absorbance
was measured at 734 nm using a UV-Vis spectropho-

tometer. All measurements were performed in
duplicate.
% Inhibiton = (Absorbance of control- Absorbance of

sample) x 100 / Absorbance of control ....EQ. 2

Superoxide dismutase (SOD) scavenging activity

Superoxide radical scavenging activity was assessed
using the nitro blue tetrazolium (NBT) reduction meth-
od (McCord and Edeas 2005), which is based on the
light-induced generation of superoxide radicals by ribo-
flavin. These radicals reduce NBT to a blue-colored,
water-soluble formazan complex. The reaction mixture
consisted of 6uM EDTA, 3uM sodium cyanide
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(NaCN), 2 uM riboflavin, 50 uM NBT, varying concen-
trations of the seed oil, and 67 mM phosphate buffer
(pH 7.8), in a total volume of 3 mL. The test tubes were
uniformly illuminated using an incandescent lamp for 15
minutes. Absorbance was recorded at 560 nm before
and after illumination. The percentage of superoxide
scavenging was calculated by comparing the absorb-
ance of the seed oils-treated samples to that of the
control.

Antiproliferative activities of seed oils

The antiproliferative potential of seed oils was as-
sessed through in vitro short-term cytotoxicity studies
using Dalton’s Lymphoma Ascites (DLA) cells
(Larramendy and Soloneski 2018), with cell viability
quantitatively evaluated by the MTT assay (Kumar et
al. 2018).

Short term cytotoxicity
In vitro short-term cytotoxicity of the three selected
seed oils was evaluated using Dalton’s Lymphoma As-
cites (DLA) cells. Tumor cells were collected from the
peritoneal cavity of tumor-bearing mice and washed
three times with normal saline to remove impurities.
Cell viability was assessed using the trypan blue exclu-
sion method. A viable cell suspension (1x10°cells in
0.1 mL) was added to test tubes containing various
concentrations of the oil samples. The volume was ad-
justed to 1 mL using phosphate-buffered saline (PBS).
A control group containing only the cell suspension was
included for comparison. All assay mixtures were incu-
bated at 37°C for 3 hours. Following incubation, 0.1 mL
of 1% trypan blue was added to each tube and allowed
to react for 2—3 minutes. The stained (non-viable) and
unstained (viable) cells were then counted separately
using a hemocytometer. Cells that absorbed the dye
were considered dead, while viable cells remained un-
stained.

% cytotoxicity = No. of dead cells x 100 / (No. of live
cell +No. of dead cell)

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

MTT assay was employed for the evaluation of the anti-
proliferative activity of seed oils on human breast carci-
noma cell line, MCF-7. The percentage cell viability
was determined by measuring the optical density (OD)
of formazan formed in viable cells at 570 nm. The cell
line was cultured in 25 cm? tissue culture flasks using
Dulbecco’s Modified Eagle Medium (DMEM) supple-
mented with 10% Fetal Bovine Serum (FBS), L-
glutamine, sodium bicarbonate, and an antibiotic-
antimycotic solution comprising penicillin (100 U/mL),
streptomycin (100 pg/mL), and amphotericin B (2.5 pg/
mL). Cultures were maintained at 37°C in a humidified
incubator with 5% CO, (NBS Eppendorf, Germany).
Confluent monolayers, approximately two days old,

were trypsinized and suspended in 10% growth medi-
um. A 100 pL aliquot containing 5 x 10* cells was seed-
ed into each well of a 96-well tissue culture plate and
incubated under standard culture conditions.

The test samples (1 mg/mL) were dissolved in DMEM
using a cyclomixer and filtered through a 0.22 ym Milli-
pore syringe filter to ensure sterility. After the cells
reached optimal confluency, the growth medium was
aspirated and replaced with serial two-fold dilutions of
the sample prepared in 5% DMEM at final concentra-
tions of 100, 50, 25, 12.5, and 6.25 ug/mL. Each con-
centration (100 pL) was added in triplicate and incubat-
ed at 37°C in a 5% CO, atmosphere for 24 hours. Fol-
lowing incubation, the medium was carefully removed,
and 30 pL of reconstituted MTT solution (15 mg in 3 mL
PBS, sterile filtered) was added to each well. The plate
was gently shaken and incubated for 4 hours to allow
for formazan crystal formation. Subsequently, the su-
pernatant was removed, and 100 pL of dimethyl sulfox-
ide (DMSQ) was added to solubilize the formazan. The
absorbance was measured at 570 nm using a micro-
plate reader. Post-incubation, morphological changes
such as cell rounding, shrinkage, cytoplasmic granula-
tion, and vacuolization were assessed under an invert-
ed phase-contrast tissue culture microscope (Olympus
CKX41, Optika Pro5 CCD camera). Images were cap-
tured to document cytotoxic effects.

The percentage cell viability was calculated using the
formula:

% cell viability= Mean of OD samplesx100 / Mean of
OD control group

Statistical analysis

For each plant species, the data were presented as
mean = standard deviation (SD) for the three determi-
nations.

RESULTS AND DISCUSSION

Preliminary phytochemical studies of seed oils

As reported in the literature, the oil extraction using n-
hexane results in the highest oil yield (Keneni, Bahiru,
and Marchetti 2021). Hence, the seeds of T. populnea,
C. cathartica, and D. trifoliata were extracted with n-
hexane to obtain the oil using a Soxhlet extractor. The
total polyphenolic content in the seed oils of T. pop-
ulnea, C. cathartica, and D. trifoliata was found to be
65.27 + 0.25 mg GAE/g dry weight, 29.90 + 0.192 mg
GAE/g dry weight and 28.28 mg GAE/g dry weight, re-
spectively. The total flavonoid content for T. populnea,
C. cathartica, and D. trifoliata was found to be 233.57 +
1.51 mg QE/g dry weight, 19.9 £+ 0.17 mg QE/g dry
weight and 30 + 1.76 mg QE/g dry weight. Numerous
studies have investigated the bioactive properties of
plant secondary metabolites, with a particular focus on
phenolic compounds and flavonoids (Aquino et al.
2001, de Lima et al. 2024, Mutha et al. 2021, Taghiza-
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deh and Jalili 2024). Among the three samples ana-
lyzed, oil of T. populnea exhibited the highest total phe-
nolic and flavonoid contents. Plants might synthesize
these secondary polyphenolic compounds as an adap-
tive response to cope with environmental stressors.
Plant secondary metabolites produced in response to
abiotic stresses have potential applications in pharma-
ceutical product development.

GC- MS analysis of unsaponifiable matter in the seed
oil of T. populnea showed the presence of polyphenolic
compounds like tocopherol and y-sitosterol, as well as
terpenes like aromadedrone and cadenine. Results are
shown in Fig. 2. Previous studies about T. populnea
have reported the presence of hepatoprotective phenol-
ic acids (Yuvaraj and Subramoniam, 2009) as well as
anticancer sesquiterpene quinones such as thespone,
thespesone, mansonone-D, and mansonone-H
(Johnson et al. 1999). Additionally, Sompong Boonsri
et al. confirmed the presence of cytotoxic and antibac-
terial sesquiterpene quinones, including mansonone E
and (+)-gossypol (Boonsri et al. 2008) in T. populnea.
Presence of compounds including sterols and triterpe-
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nic alcohols which may contribute to the total polyphe-
nolic content of C. cathartica (Gaydou, Viano, and
Bourreil 1992). GC- MS analysis of unsaponifiable mat-
ter in the seed oil of C. cathartica showed the high
amounts of polyphenolic compounds like lupeol (73%),
stigmasterol (3.4%), sitosterol (3.5%), beta-amyrin
(1.%), lupen-3-one (2.03 %). Data from GC- MS gen-
eral profiling of D. trifoliata showed the presence of C
(14a)-Homo-27-norgammacer-14-ene  (13.81%), a
triterpenoid, stigmasterol (10.12%), vy- sitosterol
(1.55%) and rotenone (11.40%). The seed oil of D. tri-
foliata has been reported to contain flavonoids such as
rotenoids and their derivatives (Anwer and El-Sayed
2025, Qian et al. 2024, Tewtrakul, Cheenpracha, and
Karalai 2009). In addition, various polyphenolic com-
pounds—including isoflavonoids such as tephrosin and
toxicarol, as well as pterocarpans, triterpenes, and cou-
marins—have been identified in the seeds of D. trifoli-
ata. These compounds exhibit a broad spectrum of
biological activities, including insecticidal, antioxidant,
antimicrobial, antifungal, antihyperglycemic, and cyto-
toxic effects (Nha Trang et al. 2024).

T . sagsmas 077

Fig. 2. Gas Chromatography—Mass Spectrometry profile of seed oil of (a) Thespesia populnea (b) Canavalia cathartica,

and (c) Derris trifoliata
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The HPTLC profiling of seed oil, as illustrated in Fig. 3,
revealed a distinct banding pattern indicative of phyto-
chemical diversity among the samples. The chromato-
grams (Fig. 3a and 3c) displayed 9, 15, and 18 bands
corresponding to T. populnea, C. cathartica, and D.
trifoliata respectively, reflecting the presence of bioac-
tive phytochemicals. Derivatization with p-
anisaldehyde/sulfuric acid reagent (Fig. 3b) enabled
clear visualization of compound classes through color
differentiation (viewed at 366 nm wavelength), ranging
from grey-blue to violet and green. According to litera-
ture, blue bands are typically associated with monoter-
penes and their alcohols, dark purple with triterpenes
and phytosterols, grey with steroids and terpene esters,
and brown with diterpenes, thereby facilitating prelimi-
nary identification of the compound classes present in
the sample (Plainfossé et al., 2023). The fatty acid
composition of the seed oils from T. populnea, C. ca-
thartica, and D. trifoliata was determined using GC-MS.
Results are given in Table 1. The fatty acid profiles of
the three seed oils revealed a predominance of
long-chain polyunsaturated fatty acids—particularly
linoleic acid, oleic acid and a-linolenic acid. T. populnea
seed oil contained roughly 52% unsaturated fatty acids,
with linoleic acid (9Z,12Z-octadecadienoic acid) as the
predominant lipid, followed by oleic acid. In C. catharti-
ca, a-linolenic acid accounted for 13.41% of total fatty
acids. The oil of D. trifoliata was distinguished by an
unusually high content (42.3%) of cis-11-octadecenoic
acid. These long-chain polyunsaturated fatty acids had
been reported to confer significant cardiometabolic and
anti-inflammatory benefits (Anand and Kaithwas 2014).
Linoleic acid supplementation was shown to reduce low
-density lipoprotein cholesterol and attenuate athero-
genesis (McLeod et al., 2004), whereas a-linolenic acid
served as a precursor for bioactive omega-3 fatty acids
and exerted modulatory effects on inflammatory path-
ways (Zhu et al., 2024).

Antioxidant activities of seed oils

In vitro antioxidant properties of seed oils were evaluat-
ed by four different assays based on electron transfer
and hydrogen atom transfer methods. DPPH, ABTS-"
and SOD assays were employed for the determination
of antioxidant activity. The variation in percentage of
inhibition of these free radicals with concentration of
seed oil were plotted and shown in Fig. 4. The DPPH
assay is based on the capability of stable free radical
2,2-diphenyl-1-picrylhydrazyl to react with hydrogen
donors, especially phenolics, and get reduced to the
corresponding pale yellow hydrazine (Pyrzynska and
Pekal 2013). The scavenging effect of the seed oils on
the DPPH radical decreased in the order: Ascorbic acid
> T. populnea > D. trifoliata > C. cathartica. The quality
of the antioxidants in the sample was determined by
their 1Cso values (Table 2). A low ICsvalue indicates
strong antioxidant activity in the sample (Lin et al.
2003). From the graph, it was observed that the DPPH

a)
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Fig. 3. High—Performance Thin-Layer Chromatography
(HPTLC) profile of seed oils of (a) Thespesia populnea
(T1) (b) Canavalia cathartica (C1) and (c) Derris trifoliata
(D1) after derivatization with p-anisaldehyde/sulfuric acid
reagent under (a) white light and (b) 366 nm, (c) High—
Performance Thin-Layer chromatogram of seed oils

scavenging ability of seed oil of T. populnea showed an
ICso value of 32.93 ug/mL lower than the other two
seed oils. The reference compound, ascorbic acid ex-
hibited an ICsy value of 2.48 ug/mL. Therefore, seed oil
of T. populnea showed strong antioxidant activity com-
pared to other two oils. This can be correlated with
higher abundance in phenolic compounds, especially
flavonoids. Based on present findings, the predominant
phenolic compounds in Thespesia appear to belong to
the flavonoid class, with a content of 233.57 +1.51 mg
QE/g dry weight. In contrast, HPTLC analysis con-
firmed the presence of triterpene alcohols and sterols
as the principal phenolic constituents in the oils of C.
Cathartica and D. trifoliata. These compounds are likely
to exhibit lower hydrogen-donating capacity compared
to flavonoids, which may account for the comparatively
lower DPPH radical scavenging activity observed in
these ails.

DPPH radical scavenging capacity of T. populnea seed
oil was closely linked to the structural characteristics of
its flavonoid constituents. Flavonoids were recognized
for their radical scavenging potential, primarily attribut-
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Table 1. Fatty acid composition of the oils from (a) Thespesia populnea (b) Canavalia cathartica and (c) Derris trifoliata

. T. populnea C. cathartica D. trifoliata
Name of fatty Acid Formula (%) (%) (%)
2-methyl decanoic acid C11H20, 2.423
Dodecanoic (Lauric acid) C12H240, 1.698 3.386 3.708
Methyl tetradecanoic C15H300, 1.536 2.855
Hexadecanoic (Palmitic acid) C16H320, 33.32 22.049 26.27
Octadecanoic (Stearic acid) C1sH360, 3.13 7.707
9- octadecenoic (Oleic acid) C1gH340, 18.46 46.480
11-octadecenoic C1gH340, 42.272
9, 12-octadecadienoic
(Linoleic acid) C1sHs202 34.00 12.420 10.870
9,12,15 octadecatrienoic acid
(a linolenic acid) Ca0H002 13241 L
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Fig. 4. (a) 1,1-diphenyl-2-picrylhydrazyl (DPPH) (b) 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid (ABTS-") and
(c) Superoxide dismutase (SOD) radical scavenging potential of seed oils of (a) Thespesia populnea (TP) (b) Canavalia

cathartica (CC) and (c) Derris trifoliata (DT)

ed to the presence of phenolic hydroxyl groups that
functioned through a hydrogen atom transfer mecha-
nism. Previous investigations had highlighted that spe-
cific hydroxylation patterns, particularly on the B-ring
and/or the presence of —OH groups, significantly en-
hanced antioxidant capacity (Cai et al. 2006, Wang, Li,

and Bi 2018). While phenolic O—-H groups were gener-
ally considered the primary contributors to antioxidant
activity, emerging evidence suggested that C—H bonds
also played a role. Notably, in flavonoids bearing a 4-
carbonyl and/or 3-hydroxyl group, C—H bonds exhibited
lower bond dissociation energies than O-H bonds,
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Table 2. Antioxidant activities of seed oils of Thespesia populnea, Canavalia cathartica and Derris trifoliata

DPPH ABTS-+ SOD

Seed oil (ICs in pg/mL) (ICs0 in pg/mL) (ICs0 in pg/mL)
T. populnea 32.93+0.07 27.18 £ 0.02 115.52 + 0.19
C. cathartica 576.70 £ 3.07 200 +2.08 125.15+1.07
D. trifoliata 462.10 + 2.07 158.73 £+ 4.07 201.61 + 3.07
Ascorbic acid 2.48 £ 0.03 75.98 +0.23
Vitamin E
Trolox 8.86 £ 0.02

Means are presented * standard error of triplicate measurements
Table 3. Cytotoxicity screening of seed oils of (a) Thespe-

sia populnea (b) Canavalia cathartica and (c) Derris trifoli-
ata against Dalton’s Lymphoma Ascites (DLA) cell lines

Seed oil ICsp (Mg/mL)
T. populnea 100.6 +2.3
C. cathartica >150

D. trifoliata 62.3+5.3

Means are presented + standard error of triplicate measurements

thereby contributing to hydrogen donation and radical
stabilization (Vo et al. 2019). This property may explain
the unexpectedly high DPPH radical scavenging activi-
ty observed in T. populnea seed oil, likely due to the
presence of structurally favourable flavonoids.
Antioxidant capacity of the seed oils was also evaluat-
ed using ABTS:" method and SOD assay. In both
ABTS-[] and SOD assays, greater antiradical activities
were shown for T. populnea oil with an 1Csyvalue of
27.18 pg/mL and 115.52 ug/mL, respectively. Although
the results with ABTS-* showed same trend as that of
DPPH, ABTS-" is less selective and hence more sensi-
tive than DPPH in the reaction with hydrogen donors.
ABTS-" reacts with any hydroxylated aromatics irre-
spective of their real antioxidative potential (Gaber, EI-
Dahy, and Shalaby 2023, Nikolaos Nenadis et al.
2004).

The SOD assay utilizes light-activated riboflavin to gen-
erate superoxide radicals, which subsequently reduce
NBT to form a blue-colored formazan. The presence of
SOD or antioxidant compounds in the seed oil inhibits
this reaction by scavenging the superoxide radicals,
resulting in reduced formazan formation. The extent of
this inhibition was assessed by monitoring the de-
crease in absorbance at 560 nm, providing a measure
of antioxidant activity (Haida and Hakiman 2019, Lang
et al. 2024). Oil of T. populnea exhibited the highest
superoxide scavenging activity, which was directly re-
lated to its higher content in phenolics, mainly flavo-
noids, compared to the other two oils (Zeng et al.
2020). Mostofa et al. reported the superoxide scaveng-
ing abilities of polyunsaturated fatty acids, which might
indirectly act as antioxidants in vascular endothelial
cells, hence diminishing inflammation and, in turn, the
risk of atherosclerosis and cardiovascular disease

(Mostofa et al. 2024, Shramko et al. 2021). Therefore,
the SOD scavenging ability of oil of T. populnea could
also be correlated to the presence of 34% of 9, 12-
octadecadienoic acid.

In these assays, T. populnea seed oil demonstrated
significantly higher antioxidant activity compared to the
other two oils. This suggests that the antioxidant poten-
tial of T. populnea oil may not solely arise from com-
mon polyphenolic compounds, but could also be at-
tributed to the presence of distinctive flavonoid constitu-
ents and polyunsaturated fatty acids (Gongalves et al.,
2024).

In vitro antiproliferative activities of seed oils

The cytotoxic activity and antiproliferative effects of
seed oils were investigated using the trypan blue dye
exclusion method on DLA cells and the MTT assay on
the breast cancer cell line MCF- 7. The results of cyto-
toxic activity on DLA cell lines are given in Table 3.

Oil of D. trifoliata exhibited significant cytotoxicity
against DLA cell lines compared to the other two oils. It
was observed that the cytotoxic effect on DLA cell lines
increased with the increase in the concentration of oil.
Hence, the seed oil was further studied for its antiprolif-
erative activity on MCF-7 breast cancer cell lines. The
median effective concentration, ECsy value, for cell
mortality in MCF-7 cell lines after exposure to oil of D.
trifoliata for 24 hours was found to be 80.50 pyg mL™

(Fig. 5).
120
100
£
.'-E 80
g
Z 6
-
Y
< 40
B
20
0
Control 6.25 12,5 25 50 100
Concentration of seed oil (ng/mlL)

Fig. 5. Variation of % cell viability with concentration of
seed oil of Derris trifoliata
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Control.

25 ug/mL 50 ug/mL

12.5 pg/mL

100 pg/mL

Fig. 6. An inverted phase contrast tissue culture microscopy image of MCF 7 cell lines on treatment with the seed oil of

Detrris trifoliata

The D. trifoliata oil showed moderate anticancer activi-
ty, which could be due to the presence of phenolic
compounds, flavonoids, sterols and terpenoids. Data
from GC- MS general profiling of D. ftrifoliata showed
the presence of C(14a)-Homo-27-norgammacer-14-ene
(13.81%), a triterpenoid, stigmasterol (10.12 %), y-
sitosterol (1.55 %) and rotenone (11.40 %), an isofla-
vanone. The anticancer activity of the oil may be at-
tributed to the presence of bioactive phytochemicals.
Furthermore, images of the cell cultures shown in Fig.
6, captured using an inverted phase contrast tissue
culture microscope, revealed apoptotic features and
nuclear condensation in MCF-7 cells treated with D.
trifoliata seed oil. The morphological alterations ob-
served included changes in the refractive index of cells,
along with cytoplasmic membrane shrinkage, loss of
adhesion to neighboring cells, and membrane blebbing,
as illustrated in Fig. 6. These findings indicate that the
seed oil of D. trifoliata may exhibit anticancer properties
and could hold potential for development in pharma-
ceutical applications.

Conclusion

This study highlights the therapeutic potential of seed
oils from selected mangrove-associated plants, T. pop-
ulnea, C. cathartica, and D. trifoliata, particularly due to
their significant antioxidant and anticancer activities.
The present study comprehensively evaluated the phy-
tochemical composition, antioxidant potential, and anti-
cancer activity of seed oils extracted from these plants.
GC-MS and HPTLC analyses revealed a rich diversity
of bioactive compounds, including flavonoids, polyphe-
nols, sterols, terpenoids, and long-chain polyunsaturat-
ed fatty acids. Among the oils studied, T. populnea ex-
hibited the highest total phenolic and flavonoid content,
which correlated strongly with its superior antioxidant
activity in DPPH, ABTS-+ and SOD assays. The potent
free radical scavenging capacity of this oil may be at-

tributed to the abundance of structurally favorable fla-
vonoids and essential fatty acids like linoleic acid. Con-
versely, the seed oil of D. frifoliata demonstrated the
most pronounced cytotoxic effect against DLA cells and
a moderate antiproliferative activity (ECs, value of
80.50 ug mL™") against MCF-7 breast cancer cells, like-
ly due to the presence of bioactive compounds such as
rotenone, stigmasterol, and triterpenoids. Morphologi-
cal alterations observed in treated cancer cells further
support the apoptotic potential of D. ftrifoliata seed oil.
These findings suggest that the seed oils, particularly
those of T. populnea and D. trifoliata, hold promise as
sources of natural antioxidants and anticancer agents,
deserving further investigation into their mechanisms of
action and potential pharmaceutical applications.

ACKNOWLEDGEMENTS

The authors acknowledge the Inter-University Instru-
mentation Centre (DST-SAIF, Government of India)
and the School of Environmental Sciences, MGU
(KSCSTE-SARD, Government of Kerala) for providing
the instrumentation facility.

Conflict of interest
The authors declare that they have no conflict of
interest.

Data Availability Statement

The data that support the findings of this study are
available from the corresponding author, Dr. Neethu
Cyril, upon reasonable request.

REFERENCES

1. Ahlawat, Y. K., Singh, M., Manorama, K., Lakra, N., Zaid,
A., & Zulfigar, F. (2024). Plant phenolics: neglected sec-
ondary metabolites in plant stress tolerance. Brazilian
Journal of Botany, 47(3), 703-721.

1370



George, J. B. et al. / J. Appl. & Nat. Sci. 17(3), 1362 - 1372 (2025)

10.

1.

12.

13.

14.

15.

Anand, R., & Kaithwas, G. (2014). Anti-inflammatory po-
tential of alpha-linolenic acid mediated through selective
COX inhibition: computational and experimental da-
ta. Inflammation, 37(4), 1297-1306.

Anwer, M. S., & El-Sayed, W. M. (2025). Exploring
Tephrosin: A review of its potential in cancer therapy and
multifaceted anticancer mechanisms. South African Jour-
nal of Botany, 177, 320-328.

Aquino, R., Morelli, S., Lauro, M. R., Abdo, S., Saija, A., &
Tomaino, A. (2001). Phenolic constituents and antioxidant
activity of an extract of anthurium v ersicolor
leaves. Journal of Natural Products, 64(8), 1019-1023.
doi:10.1021/np0101245.

Aruoma, O. I. (1998). Free radicals, oxidative stress, and
antioxidants in human health and disease. Journal of the
American oil chemists' society, 75(2), 199-212.
doi:10.1007/s11746-998-0032-9.

Asari, N., Suratman, M. N., & Ayob, N. A. M. (2021). Man-
grove as a Natural Barrier. Mangroves: Ecology, Biodiver-
sity and Management, 305. doi:10.1007/978-981-16-2494-
0_13.

Ashraf, M. A, Igbal, M., Rasheed, R., Hussain, I., Riaz,
M., & Arif, M. S. (2018). Environmental stress and second-
ary metabolites in plants: an overview. Plant metabolites
and regulation under environmental stress, 153-167.
doi:10.1016/B978-0-12-812689-9.00008-X.
Bandaranayake, W. (1998). Traditional and medicinal
uses of mangroves. Mangroves and salt marshes, 2(3),
133-148.doi:10.1023/A:1009988607044.

Barton, H. J. (2010). A “zero sample concentration ap-
proach”: Standardization of methods for the estimation of
total antioxidant activity by the use of extrapolation to zero
sample concentration. A novel standard. 1. ABTS cation
radical scavenging. Journal of agricultural and food chem-
istry, 58(16), 8918-8926.d0i:10.1021/jf101066w.

Boonsri, S., Karalai, C., Ponglimanont, C., Chantraprom-
ma, S., & Kanjana-Opas, A. (2008). Cytotoxic and anti-
bacterial  sesquiterpenes  from  Thespesia  pop-
ulnea. Journal of natural products, 71(7), 1173-1177.
doi:10.1021/np800055q.

Cai, Y. Z.,, Sun, M., Xing, J., Luo, Q., & Corke, H. (2006).
Structure—radical scavenging activity relationships of phe-
nolic compounds from traditional Chinese medicinal
plants. Life sciences, 78(25), 2872-2888. doi:10.1016/
j-Ifs.2005.11.004.

d de Lima, D. P., Junior, E. D. S. P., de Menezes, A. V.,
de Souza, D. A., de Sdo José, V. P. B, da Silva, B. P., ...
& de Carvalho, I. M. M. (2024). Chemical composition,
minerals concentration, total phenolic compounds, flavo-
noids content and antioxidant capacity in organic and
conventional vegetables. Food Research Internation-
al, 175, 113684. doi: 10.1016/j.foodres.2023.113684
Dhawan, V. (2014). Reactive oxygen and nitrogen spe-
cies: general considerations. In Studies on respiratory
disorders (pp. 27-47). New York, NY: Springer New
York.doi:10.1007/978-1-4939-0497-6_2.

Gaber, N. B., El-Dahy, S. I., & Shalaby, E. A. (2023).
Comparison of ABTS, DPPH, permanganate, and meth-
ylene blue assays for determining antioxidant potential of
successive extracts from pomegranate and guava resi-
dues. Biomass Conversion and Biorefinery, 13(5), 4011-
4020.d0i:10.1007/s13399-021-01386-0.

Gaydou, E. M., Viano, J., & Bourreil, P. L. (1992). Ca-
navalia ensiformis neutral lipids, a rich source of lu-

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

20.

peol. Journal of the American Oil Chemists’ Society, 69
(5), 495-497. doi:10.1007/BF02540958.

Gongalves, A. C., Falcdo, A., Alves, G, Silva, L. R,, &
Flores-Félix, J. D. (2024). Antioxidant activity of the main
phenolics found in red fruits: An in vitro and in silico
study. Food chemistry, 452, 139459.doi:10.1016/
j-foodchem.2024.139459.

Haida, Z., & Hakiman, M. (2019). A comprehensive review
on the determination of enzymatic assay and nonenzy-
matic antioxidant activities. Food science & nutrition, 7(5),
1555-1563.doi:10.1002/fsn3.1012.

Inoue, T. (2018). Carbon sequestration in mangroves.
In Blue carbon in shallow coastal ecosystems: carbon
dynamics, policy, and implementation (pp. 73-99). Singa-
pore: Springer Singapore. doi:10.1007/978-981-13-1295-
3_3.

Inbaraj, J. J., Gandhidasan, R., & Murugesan, R. (1999).
Photodynamic action of some naturally occurring qui-
nones: formation of reactive oxygen species. Journal of
Photochemistry and Photobiology A: Chemistry, 124(1-2),
95-99. doi:10.1016/S1010-6030(99)00040-4.

Keneni, Y. G., Bahiru, L. A., & Marchetti, J. M. (2021).
Effects of different extraction solvents on oil extracted
from jatropha seeds and the potential of seed residues as
a heat provider. BioEnergy Research, 14(4), 1207-
1222.d0oi:10.1007/s12155-020-10217-5.

Kumar, M. K., & Pola, S. (2023). Mangrove species as a
potential source of bioactive compounds for diverse thera-
peutic applications. In Marine Antioxidants (pp. 249-263).
Academic Press. doi:10.1016/B978-0-323-95086-2.00020
-5.

Kumar, P., Nagarajan, A., & Uchil, P. D. (2018). Analysis
of cell viability by the MTT assay. Cold spring harbor pro-
tocols, 2018(6), pdb-prot095505.doi: 10.1101/pdb.prot0
95505

Lang, Y., Gao, N., Zang, Z., Meng, X,, Lin, Y., Yang, S., ...
& Li, B. (2024). Classification and antioxidant assays of
polyphenols: A review. Journal of Future Foods, 4(3), 193-
204. doi:10.1016/j.jfutfo.2023.07.002.

Larramendy, M., & Soloneski, S. (Eds.).
(2018). Genotoxicity: A predictable risk to our actual
world. BoD—Books on Demand.

Lin, C. C., Wu, S. J., Chang, C. H., & Ng, L. T. (2003).
Antioxidant activity of Cinnamomum cassia. Phytotherapy
Research, 17(7), 726-730. doi: 10.1002/ptr.1190.
Mandelker, L. (2011). Oxidative stress, free radicals, and
cellular damage. In Studies on veterinary medicine (pp. 1-
17). Totowa, NJ: Humana Press.doi:10.1007/978-1-61779
-071-3_1.

McLeod, R. S., LeBlanc, A. M., Langille, M. A., Mitchell, P.
L., & Currie, D. L. (2004). Conjugated linoleic acids, ather-
osclerosis, and hepatic very-low-density lipoprotein me-
tabolism. The American journal of clinical nutrition, 79(6),
1169S-1174S.doi:10.1093/ajcn/79.6.11698S.

McCord, J. M., & Edeas, M. A. (2005). SOD, oxidative
stress and human pathologies: a brief history and a future
vision. Biomedicine & Pharmacotherapy, 59(4), 139-
142.doi:10.1016/j.biopha.2005.03.005.

Mostofa, M. G., Reza, A. A,, Khan, Z., Munira, M. S., Kha-
toon, M. M., Kabir, S. R, ... & Alam, A. K. (2024). Apopto-
sis-inducing anti-proliferative and quantitative phytochemi-
cal profiling with in silico study of antioxidant-rich Leea
aequata L. leaves. Heliyon, 10(1).doi:10.1016/
j-heliyon.2023.e23400.1

1371



George, J. B. et al. / J. Appl. & Nat. Sci. 17(3), 1362 - 1372 (2025)

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Mutha, R. E., Tatiya, A. U., & Surana, S. J. (2021). Flavo-
noids as natural phenolic compounds and their role in
therapeutics: An overview. Future journal of pharmaceuti-
cal sciences, 7(1), 25.doi: 10.1186/s43094-020-00161-8
Nha Trang, B. T., Mai, N. T., Anh, B. T. M., Dung, D. T.,
Tai, B. H., & Kiem, P. V. (2024). The genus Derris Lour.,
a potential source of valuable biologically active ingredi-
ents. Vietham Journal of Chemistry.doi:10.1002/
vjch.202400124.

Nenadis, N., Wang, L. F., Tsimidou, M., & Zhang, H. Y.
(2004). Estimation of scavenging activity of phenolic com-
pounds using the ABTSe+ assay. Journal of agricultural
and food chemistry, 52(15), 4669-4674.doi:10.1021/
jf0400056.

Ochida, C. O., Itodo, A. U., Anhwange, B. A., Onoja, P.
0., & Nwanganga, P. A. (2024). In vitro and In vivo Anti-
oxidant Effect of Mango, Coconut and Cotton Seed Oils
on Hydrogen Peroxide-Induced Oxidative Stress in Wistar
Rats. Sahel Journal of Life Sciences FUDMA, 2(2), 64-
73.doi:10.33003/sajols-2024-0202-09.

Okoh, S. O., Asekun, O. T., Familoni, O. B., & Afolayan,
A. J. (2014). Antioxidant and free radical scavenging ca-
pacity of seed and shell essential oils extracted from
Abrus precatorius (L). Antioxidants, 3(2), 278-
287.doi:10.3390/antiox3020278.

Pekal, A., & Pyrzynska, K. (2014). Evaluation of alumini-
um complexation reaction for flavonoid content as-
say. Food Analytical Methods, 7(9), 1776-
1782.d0i:10.1007/s12161-014-9814-x.

Phaniendra, A., Jestadi, D. B., & Periyasamy, L. (2015).
Free radicals: properties, sources, targets, and their impli-
cation in various diseases. Indian journal of clinical bio-
chemistry, 30(1), 11-26. doi:10.1007/s12291-014-0446-0.
Plainfossé, H., Burger, P., Herbette, G., Bertrand, S.,
Verger-Dubois, G., Azoulay, S., ... & Fernandez, X.
(2023). Anti-inflammatory and anti-aging potential of ex-
tracts and constituents from Teucrium lucidum L. aerial
parts. Journal of Pharmacognosy and Phytochemistry, 12
(5), 205-220.d0i:10.22271/phyto.2023.v12.i5¢.14727.
Prathamanjali, S., Babu, Y. R., & Vijaya, T. (2025). In
vitro assessment of antimitotic, antiproliferative and anti-
cancer activities of different sections of Cleistanthus colli-
nus (Roxb.) Benth. Ex. Hook. F. Journal of Applied and
Natural Science, 17(1), 407.doi:10.31018/
jans.v17i1.6324.

Pyrzynska, K., & Pegkal, A. (2013). Application of free
radical diphenylpicrylhydrazyl (DPPH) to estimate the
antioxidant capacity of food samples. Analytical Meth-
ods, 5(17), 4288-4295.doi:10.1039/C3AY40367J.

Qian, Y., Dong, J., Zhang, W., Xue, X., Xiong, Z., Zeng,
W., ... & Jiang, Y. (2024). Deguelin inhibits the glioblasto-
ma progression through suppressing CCL2/NFkB signal-
ing pathway. Neuropharmacology, 259,
110109.doi:10.1016/j.neuropharm.2024.110109.

Rahal, A., Kumar, A., Singh, V., Yadav, B., Tiwari, R,
Chakraborty, S., & Dhama, K. (2014). Oxidative stress,
prooxidants, and antioxidants: the interplay. BioMed re-
search international, 2014(1), 761264.
doi:10.1155/2014/761264.

Rahman, Lokollo, F. F., Manuputty, G. D., Hukubun, R.
D., Krisye, Maryono, ... & Wardiatno, Y. (2024). A review
on the biodiversity and conservation of mangrove ecosys-
tems in Indonesia. Biodiversity and Conservation, 33(3),
875-903. doi:10.1007/s10531-023-02767-9.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Roberts, R. A., Smith, R. A,, Safe, S., Szabo, C., Tjalkens,
R. B., & Robertson, F. M. (2010). Toxicological and patho-
physiological roles of reactive oxygen and nitrogen spe-
cies. Toxicology, 276(2), 85-94. doi:10.1016/
j-tox.2010.07.009.

Sadeer, N. B., Zengin, G., & Mahomoodally, M. F. (2023).
Biotechnological applications of mangrove plants and their
isolated compounds in medicine-a mechanistic over-
view. Critical reviews in biotechnology, 43(3), 393-414.doi/
abs/10.1080/07388551.2022.2033682 .

Shramko, V. S., Striukova, E. V., Polonskaya, Y. V., Sta-
khneva, E. M., Volkova, M. V., Kurguzov, A. V., ... &
Ragino, Y. I. (2021). Associations of antioxidant enzymes
with the concentration of fatty acids in the blood of men
with coronary artery atherosclerosis. Journal of Personal-
ized Medicine, 11(12), 1281.d0i:10.3390/jpm11121281.
Sindhi, V., Gupta, V., Sharma, K., Bhatnagar, S., Kumari,
R., & Dhaka, N. (2013). Potential applications of antioxi-
dants—A review. Journal of pharmacy research, 7(9), 828-
835.d0i:10.1016/j.jopr.2013.10.001.

Singleton, V. L., Orthofer, R., & Lamuela-Raventés, R. M.
(1999). [14] Analysis of total phenols and other oxidation
substrates and antioxidants by means of folin-ciocalteu
reagent. In Methods in enzymology (Vol. 299, pp. 152-
178). Academic press.doi:10.1016/S0076-6879(99)99017-1.
Sudhir, S., Arunprasath, A., & Vel, V. S. (2022). A critical
review on adaptations, and biological activities of the man-
groves. Journal of Natural Pesticide Research, 1,
100006.doi:10.1016/j.napere.2022.100006.

Taghizadeh, M. & Jalili, S. (2024). Phytochemical Content,
Antioxidant Properties, and Antibacterial Activities of Cen-
tella Asiatica L.” Natural Product Research 38(20), 3693—
98. doi:10.1080/14786419.2023.2258439.

Tewtrakul, S., Cheenpracha, S., & Karalai, C. (2009).
Nitric oxide inhibitory principles from Derris ftrifoliata
stems. Phytomedicine, 16(6-7), 568-572. doi:10.1016/
j-phymed.2008.12.015.

Thatoi, H., Behera, B. C., Mishra, R. R., & Dutta, S. K.
(2013). Biodiversity and biotechnological potential of mi-
croorganisms from mangrove ecosystems: a re-
view. Annals of Microbiology, 63(1), 1-19.doi:10.1007/
$13213-012-0442-7.

Vo, Q. V., Nam, P. C., Thong, N. M., Trung, N. T., Phan,
C. T. D., & Mechler, A. (2019). Antioxidant motifs in flavo-
noids: O—H versus C—H bond dissociation. ACS omega, 4
(5), 8935-8942. doi:10.1021/acsomega.9b00677.

Wang, T. Y., Li, Q., & Bi, K. S. (2018). Bioactive flavo-
noids in medicinal plants: Structure, activity and biological
fate. Asian journal of pharmaceutical sciences, 13(1), 12-
23.doi:10.1016/j.ajps.2017.08.004.

Yeshi, K., Crayn, D., Ritmejeryté, E., & Wangchuk, P.
(2022). Plant secondary metabolites produced in re-
sponse to abiotic stresses has potential application in
pharmaceutical product development. Molecules, 27(1),
313 . doi:10.3390/molecules27010313.

Yuvaraj, P., & Subramoniam, A. (2009). Hepatoprotective
property of Thespesia populnea against carbon tetrachlo-
ride induced liver damage in rats. Journal of basic and
clinical physiology and pharmacology, 20(2), 169-178.
doi:10.3390/antiox9080732.

Zhu, P., Fan, L., Yan, X., & Li, J. (2024). Advances of a-
linolenic acid: Sources, extraction, biological activity and
its carrier. Trends in Food Science & Technology, 152,
104676. doi:10.1016/).tifs.2024.104676.

1372



