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ABSTRACT ARTICLE HISTORY

Cancer remains the leading cause of mortality worldwide. Phytochemicals are increasingly
recognized as a valuable source of effective and safer agents against various types of cancer.
In this study, defatted seed powder was subjected to extraction by Soxhlet apparatus.
Qualitative analysis was conducted through biochemical tests, high-performance thin-
layer chromatography (HPTLC), Fourier transform infrared (FTIR) spectroscopy, and gas
chromatography-mass spectrometry (GC-MS). The quantitative analysis of phenols, flavonoids,
and tannins was estimated using standard curves of gallic acid, quercetin and tannic acid,
respectively. The antioxidant activity of the extract was assessed using four different free radical
scavenging assays. The lethality and anticancer activity of the extract were evaluated using
the brine shrimp lethality assay (BSLA) and the MTT assay, respectively. The seed extract was
found to be non-toxic, biologically active, and rich in various phytocomponents with potent
antioxidant activity. The sample exhibited cytotoxicity towards the MCF-7 breast cancer cell
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1. Introduction

Since ancient times, medicinal plants have been
widely used to cure diseases. Medicinal plants are
rich in potentially valuable secondary metabolites
such as phenols, flavonoids, aromatic components,
terpenoids, sterols, essential oils, alkaloids, tannins,

and anthocyanins (Moncayo et al., 2021; Monika and

Gupta, 2023; Singh et al, 2023; Zare et al, 2024).
Approximately, 30% of plant species are utilized for
therapeutic purposes depending on the type and
amount of secondary metabolites they contained
(Ashu Agbor and Naidoo, 2015). According to the
World Health Organization (WHO), nearly 80% of the
global population uses medicinal products to address
their healthcare needs (Khan et al.,, 2020). As a result, a
significant number of medicinal plants with therapeutic
potential are now used to treat a variety of ailments

(Hashemi-Moghaddametal., 2018; Mohammadhosseini
et al.,, 2021). Pharmaceuticals, nutraceuticals, cosmetics,
and food supplements are all utilizing medicinal plants
(Gezici and Sekeroglu, 2019; Twilley et al., 2020). It
has been well-documented that in a wide range of
plant materials, secondary metabolites play a crucial
role in therapeutic and biological activities, including
hypoglycemic, antidiabetic, antioxidant, antibacterial,
anti-inflammatory, antimalarial, anticholinergic, anti-
leprosy and anti-carcinogenic properties (Verpoorte,
1998; Negi et al., 2011).

Cancer is one of the most significant and life-
threatening global health issues. The rising incidence
of mortality and morbidity reflects the inadequacy
of current clinical cancer therapies, which include
chemotherapy, radiation, surgery, and immunotherapy
(Twilley et al.,, 2020). Mainstream medications, when
used to treat cancer are frequently associated with
harmful side effects. Plant-based medicines are easy
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to obtain, inexpensive, and effective with minimum
harmful effects (Thite et al,, 2013). As a result, the use of
easily available and inexpensive medicinal plants as an
alternative to synthetic pharmaceuticals is the remedy
for the toxic side effects of synthetic drugs (Rasheed et
al,, 2010).

Millettia pinnata (L) Panigrahi (commonly known as
Karanja)isadroughtresistance evergreen tree belonging
to the family of Leguminaceae (Bobade and Khyade,
2012) widely distributed in India, China and Bangladesh
(Baswa et al., 2001). In the Ayurveda and Siddha systems
of medicine, M. pinnata has been extensively used in
the treatment of various ailments, including wounds,
ulcers, painful rheumatic joints, tumors, hemorrhoids,
skin diseases, itching, and diarrhea (Jena et al., 2020).
M. pinnata seeds contains various bioactive compound,
e.g., karanjin, pongamol, pongagalabrone, pongapin,
pinnatin, kanjone, glabrin, and karanjachromene (Al
Mugarrabun et al., 2013). Phytocomponents like karanjin
and pongapin which are abundantly present in seeds
exhibit anticancer activity by inhibiting cervical cancer
cells HeLa (Roy et al., 2019). The methanolic extract
of M. pinnata seeds inhibits -carotene degradation,
superoxide levels, possesses inhibitory effect against
a-amylase as well as a-glucosidase enzyme and Type
Il diabetes (Vadivel and Biesalski, 2011). Furthermore, the
methanolic and hyrdro-methanolic seed extract has
shown antimicrobial activities towards various strains of
bacteria (Sajid et al., 2012). Wood and root extract are
reported to have ulcer protective and healing effects
(Prabha et al., 2003).

There is insubstantial data available regarding the
anticancer potential of M. pinnata hydro- methanolic
seed extract (MPHME). Due to the importance given
in the above context, the preliminary screening of
phytochemicals in plants is vital to discover and
develop new therapeutic agents that can benefit
humankind. Therefore, the present study focuses
on evaluating MPHME based on qualitative and
quantitative phytochemical analysis, in vitro antioxidant
and anticancer potentials.

2. Experimental
2.1. Collection and authentication of Millettia pinnata

Fresh seeds of the fully mature Millettia pinnata
(Family: Fabaceae) plants were collected from Gujarat
University campus (23.0364° N, 72.5467° E). The plant
was authenticated by a taxonomist (Dr. Hitesh Solanki),
from the Department of Botany, Gujarat University,
Ahmedabad. Following that, plant samples were
authenticated at Gujarat Biotechnology Research
Centre, Department of Science and Technology,
Government of Gujarat using DNA barcoding. The seed
sample was lysed using Preman Ultra (Thermofisher)
sample lysis buffer. For amplification of specific region
of DNA, forward and reverse rbcl primers along with PCR
Master mix Takara (EmeraldAmp® GT PCR Mater mix) and
ready to use Tag DNApolymerase were utilized. The PCR
was carried out in Thermal cycler Veriti (Applied Bio

System). De novo sequencing was carried out utilizing a
fluorescence-based cycle sequencing approach with a
Thermo Fisher Bid Dye Terminator v3.1 cycle sequencing
and purification kit using Applied Bio System 3500XL
Genetic Analyzer. The electropherogram generated by
the 3500XL Genetic Analyzer was analyzed using Codon
code aligner and was compared with against BLASTn
standard (nr/nt).

2.2. Defattation of M. pinnata seed

The seeds of M. pinnata were thoroughly washed
twice with distilled water and shade dried at room
temperature (RT). It was pulverized to fine powder using
a mechanical grinder. 10-g portions of seed powder
was defatted using 100 mL of petroleum ether with
continuous stirring at 37 °C for 24 hours on a magnetic
stirrer. After 24 hours, the material was filtered using
Whatman filterpaper no. | and air dried to evaporate
any remaining solvent. The defatted powder was then
stored in an airtight container.

2.3. Preparation of M. pinnata seed extract

Soxhlet extraction was performed on 5 g of seed
powder using a 7:3 methanoldistilled water (DW)
solvent solution. The extraction was carried out at 65
°C for 24 hours. The M. pinnata hydromethanolic seed
extract (MPHME) was filtered using Whatman filter
paper no. | and the filtrate was concentrated at 37 °C.
The extract was finally stored at 4 °C until further use.

2.4. Qualitative analysis of MPHME

2.4.1. Determination of pH, percentage Yield and
Preliminary Phytochemical Analysis

The pH of MPHME was measured using pHScan WP2.
The extract was subjected to preliminary phytochemical
analysis to determine the presence of several secondary
metabolites such as phenol, flavonoid, tannin, saponins,
and alkaloidsusing standard techniques described by
Harborne (1973). The percent yield of the MPHME was
calculated using the formula given below (Egn. 1).
Percentage yield = ((Weight of the extract after solvent
evaporation (g)/(Weight of the powder used in Soxhlet
system))x100 (Egn. 1)

2.4.2. High performance thin layer chromatography
(HPTLC)

HPTLC was performed on a 10 x 10 cm TLC plate
silica gel 60F,_, (Merck, Germany) by semi-automated
using CAMAG Linomat5 applicator. The MPHME (1
mg/mL) was prepared in DW, filtered and sterilized
using 0.22 um syringe filter. The sample was applied
with Hamilton microsyringe (Switzerland) arranged
on a Linomat 5 applicator under nitrogen flow (150
nl/s). The bands were spotted with a width of 8 mm.
The syringe was programmed by VisionCATS software
version 2.5. The plate was kept in CAMAG twin chamber
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in a toluene:ethyl acetate (7:3 v/v) saturated solvent
system. The plate was air dried and scanned using TLC
Scanner 4 at 254 nm. The densitogram and R, value
were assessed using the same software.

2.4.3. Fourier transform infrared (FTIR)spectroscopy

FTIR analysis of MPHME for the detection of various
functional groups was conducted using a BRUKER
Alpha Platinum attenuated total reflectance (ATR)
spectrometer. The spectral range was 500 to 4000
cm™, with a resolution of 8 cm™. On the prism plane,
approximately 5 mg of extract was placed and acquired
for analysis and the obtained results were analyzed
using OPUS V 7.5 software.

2.44. Gas chromatography-mass spectrometry (GC-
MS) profiling

The GC-MS profiling was carried out using the Clarus®
680 gas chromatography instrument, coupled with
the Clarus® SQ 8 C Mass Spectrometer and the
TurboMatrix 16 headspace sampler from PerkinElmer®
(Ghada et al., 2017; Purkait et al., 2019). The results
were analyzed using the TurboMass GC/MS Software
provided by PerkinElmer® and compared with the
NIST (National Institute of Standards and Technology)
14 library. Helium served as the carrier gas, with a
solvent delay of 3.00 min. The GC temperature program
started at an initial temperature of 70°C for 1 min, then
increased at a rate of 25°C/min to reach 150°C, with no
holding time. It was then ramped at 5°C/min to 200°C,
where it was held for 10 min, followed by a ramp of 12
°C/min to 280°C, where it was held for an additional 6
min. The injector temperature was set to 280 °C, with a
volume of 0 pL and a split ratio of 10:1. The transfer line
temperature was also set to 280 °C, as was the source
temperature. The scan range was from 50 to 600 Da,
and the column dimensions were 30 m by 250 pm.

2.5. Quantitative analysis of few secondary metabolites
in MPHME

The quantitative analysis of MPHME was performed
by estimating total phenol (Singleton and Rossi, 1965),
flavonoid (Dewanto et al.,, 2002), and tannin contents
(Ojha et al., 2018). The total phenolic, flavonoid and
tannin contents were calculated by applying regression
formula on gallic acid, quercetin and tannic acid
standard curve, respectively. The results were expressed
as milligram of gallic acid equivalent (mg GAE/g) for
phenolic content, milligram of quercetin equivalent
(mg QE/g) for flavonoid content and milligram of
tannic acid equivalent (mg TAE/g) tannin content. The
absorbance was recorded using Epoch microplate
UV-Vis spectrophotometer (Agilent Instruments, USA)
equipped with Gen5 software (V 3.04). All the groups
were analyzed in triplicate.

2.6. In vitro antioxidant assays of MPHME
The antioxidant potential of the MPHME (3-1000 pg/

mL) was determined by four different free radical
scavenging assays viz. 1,1-diphenyl-2-picrylhydrazyl
activity (DPPH) assay (Shimamura et al, 2014),
2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic  acid
(ABTS) (Zheleva-Dimitrova et al., 2010), nitric oxide
(NO) (Ebrahimzadeh et al., 2008) and superoxide anion
(SO) scavenging assays (Amir et al., 2011) while using
ascorbic acid as standard. The absorbance was recorded
using Epoch microplate UV-Vis spectrophotometer
(Agilent Instruments, USA) equipped with Gen5
software (V 3.04). All groups were examined in triplicate.
The percentage inhibition dthe above-mentioned assay
was calculated by the given formula (Egn. 2):
Percentage inhibition = (A -A,)/A)) x 100 (Eqn. 2)

Where, A/ and A respectively account for the
absorbance of control and the absorbance of the test
sample.

2.7. Brine shrimp lethality assay (BSLA)

The brine shrimp lethality assay (BSLA) was conducted
using the method described by Meyer et al. (1982).
Approximately, 5-mg portions of Artemia salina eggs
(brine shrimp eggs) were allowed to hatch in a shallow
Petri dish filled with artificial saline water for 24 hours.
In each well, 10 nauplii and 200 pL of artificial saline
water were added. The nauplii were then exposed to
different concentrations of MPHME (ranging from 3.9
to 1000 pg/mL) and incubated for 24 hours at 37 °C.
After the incubation period, the percentage mortality
was recorded for each well in comparison to the control.
The LC,, was calculated using simple linear regression
on the concentration versus percent mortality curve.
Potassium dichromate (K,Cr,0,) was used as a test
control.

2.8. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl
tetrazolium bromide) assay

Theinvitroanticanceractivity of MPHME was determined
by performing MTT assay (Mosmann, 1983) on human
breast cancer cell line MCF-7 and colorectal cancer cell
line HCT 116 procured from NCCS Pune, India. MCF-
7 cells were grown in RPMI 1640 media, and HCT 116
cells in DMEM, both contained fetal bovine serum (FBS,
10%) as well as penicillin (100 U/mL) and streptomycin
(100 g/mL). The cells were incubated with 5.0% CO,
at 37 °C. Briefly, MCF-7 and HCT 116 cells in their
exponential phase were seeded in 96 well plate (10
cells/well in 200 pL of media) and allowed to adhere
for 24 hours. The extract was dissolved in distilled
water, filtered, sterilized and diluted to obtain various
concentrations (10 to 120 pg/mL). Cells were exposed
to various concentrations of extract and incubated for
24 hours. The control group contains only cells and
media. After 24 hours, the media was removed from
each well followed by 100 pL PBS wash. After PBS wash,
20 pL of MTT (5 mg/mL in PBS) was added in each well
and incubated for 4 hours for formation of crystals.
Furthermore, MTT was removed followed by addition
of 100 pL DMSO to dissolve the formazan crystals. The
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plate was then incubated for 30 min. The optical density
(OD) was measured at 570 nm by Epoch microplate
UV-Vis spectrophotometer (Agilent Instruments USA)
equipped with Gen5 software (V 3.04) and percent cell
viability was calculated using the formula below (Eqn.
3):

Percentage cell viability = (A/A ) x 100 (Egn. 3)

Where, A and A _respectively account for the absorbance
of the treated cells and the absorbance of the control.

2.9. Statistical analysis

Data were statistically analyzed using GraphPad Prism
(V 9.4.0) and expressed as mean + standard error (SE).

3. Result and Discussion

Research on medicinal plants has demonstrated a
significant impact on health and a remedial effect on
various disease conditions. They are also referred to
as traditional, herbal, supplementary, and alternative
medicines. Due to fierce competition in the marketplace,
they are frequently offered without being tested for
quality (Ekor, 2014). To determine the medicinal value of
plants, phytochemical analysis and characterization of
their bioactive compounds is an initial step. Knowledge
of the phytochemical components of plants is useful
because such components are responsible for many
biological activities and are valuable for the synthesis
of complex drugs (Abubakar et al., 2020). Therefore,
the hydromethanolic extracts of M. pinnata seeds were
examined using various parameters to ascertain their
medicinal value.

3.1. Authentication of plant species

Nucleotide FASTA Sequence of rbcL region of M. pinnata
after sequencing:
AAGATTATAAATTGACTTATTATACTCCTGACTATGAA
ACCAAAGATACTGATATCTTGGCAG-CATTCCGAGTAA
CTCCTCAACCTGGAGTTCCGCCTGAAGAAGCAGGTG
CTGCGG-TAGCTGCCGAATCTTCTACTGGTACATGGAC-
AACTGTGTGGACCGATGGGCTTACCAGTCTT-GATCGTTA
CAAAGGACGATGCTACCACATCGAACCCGTTGCTGGAG
AA-GAAAATCAATATATTGCTTATGTAGCTTATCCCTTAGAC
CTTTTTGAAGAAGGTTCTGTTACT-AATATGTTTACTTCCAT
TGTAGGTAATGIATTTGGGTTCAAAGCCCTGCGTGCTCTAC
GTTT-GGAGGATTTGCGAATCCCTAATTCTTATATTAAAAC
TTTCCAAGGTCCACCTCATGG-TATCCAAGTTGAGAGAGAT
AAATTGAACAAGTATGGACGTCCCTTATTGG-GATGTACTA
TTAAACCTAAATTGGGGTTATCCGCTAAGAATTACGGTAG
AGCGGTTTAIGAATGICTACGTGGTGGA

With a 99.81% identification rate and an E-value of
0.0, the BLASTn analysis of a 536bp sequenced region
identified the matched species as M. pinnata (Table 1).
These findings indicate that the sample is M. pinnata.

3.2. Qualitative analysis of MPHME

3.2.1. Determination of pH and percentage yield

For therapeutic purposes, yielding is important to
estimate the composition of active constituents of raw
materials of the extract. The percentage yield and the
pH of the MPHME obtained was 17.8% and 7.0 + 0.05,
respectively.

3.2.2. Preliminary phytochemical analysis

Thefirstand most significant phase in the process of drug
development from plant sources is the selection of plant
candidates for extraction/isolation of active principle
components and screening for biological activities
(Najmi et al., 2022). The phytochemical components of
medicinal plants are primarily responsible for their wide
range and diversity of pharmacological effects. They are
lead chemicals which contribute to the development
of drugs used in modern medicine to treat conditions
ranging from cancer to migraines (Hussein and El-
Anssary, 2019). The preliminary phytochemical analysis
of the MPHME confirmed the presence of many
phytocomponents such as amino acids, carbohydrates,
glycosides, phenol, flavonoids, alkaloids and tannins.
Similar results were observed by Kumar et al. (2013)
during qualitative phytochemical screening of
petroleum ether, chloroform, and methanol extract of
M. pinnata seeds.

3.2.3. Fourier transform infrared spectroscopy (FTIR)

FTIR spectra (Fig. 1) were analyzed to detect various
functional groups present in the extract. The spectra
indicated the presence of functional groups, as
summarized in Table 2. The FTIR spectrum of MPHME
exhibited a strong peak at 1710-1680 cm™, which
corresponds to conjugate acids and aldehydes (C=0
stretching). Additionally, two significant peaks were
observed at 3000-2840 c¢cm™, corresponding to the
alkane functional group (C-H stretching) (Table 2). C-H
(carbon-hydrogen) stretching is commonly observed
in plant extracts, as many organic molecules in plants
contain carbon-hydrogen bonds in various forms.
Other minor peaks were also detected, corresponding
to amines, halo compounds, sulfoxides, and sulfonyl
chlorides, among others (Table 2).

3.24. High performance thin layer chromatography
(HPTLC)

Botanical extracts and herbal products are complicated
because they contain several different components. The
development of the contemporary HPTLC method has
made it an effective instrumental tool for evaluating
herbal medicines and extracts both qualitatively and
quantitatively. It has been used to analyze flavones,
flavonols, and flavonoids in various complicated
combinations (Vyas et al, 2023). The HPTLC was
carried out to detect the presence of the principle
components present in the MPHME using the solvent
system consisting of toluene:ethyl acetate (7:3 v/v)
which gave high separation of the components present
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Table 1
Result of BLAST analysis. BLAST against NCBI standard database (nr/nt).
g . Query : . 2 Subject
Sample ID | Identified species length (bp) Total score | Query cover | E- value | Per Ident' | Acc. Len. Accession
S1 Pongamia pinnata 536 985 100% 0 99.81% 601 MK309383.1
"Per. Ident. - Percent Identity, *Acc. Len. - Accession Length.
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Fig. 1. FTIR spectrum of MPHME (X axis represents wavenumber in cm™; Y axis represents percent

transmittance).

Table 2

Functional group detected from the MPHME on the basis of FTIR spectra.

Absorption frequency (cm™) Characteristic bond Compound class
3100-3000 C=H stretching Alkene
3000-2840 C-H stretching Alkane
1710-1680 C=0 stretching Conjugated acid and
aldehyde
1250-1020 C-N stretching Amine
995-700 Bending and stretching Mono, di and tri-substituted
690-515 C-Br stretching Halo compound
1070-1030 S=0 stretching Sulfoxide
1410-1380 S=0 stretching Sulfonyl chloride
1650-1600 C=C stretching Conjugated alkene

in the extract with well-defined peaks as observed in
Fig. 2. Plates were observed at UV 254 nm, a total of 10
peaks were observed in the sample. This suggests that
MPHME is rich in various phytocomponents. Ravikanth
et al. (2009) observed a total of 8 peaks in methanolic
extract of M. pinnata seeds by using the same solvent
system.

3.2.5. GC-MS profiling of MPHME

GC-MS analysis was conducted to detect and
identify phytocomponents present in the sample.
Gas chromatography-mass spectrometry (GC-MS) is
a powerful analytical technique widely used for the
identification and quantification of phytocomponents
found in plants. GC-MS combines the features of gas
chromatography and mass spectrometry, offering
high sensitivity and selectivity (Gomathi et al,
2015). Important components were detected in the
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Fig. 2. HPTLC densitogram of MPHME at 254 nm.

MPHME (Fig. 3), ie., n-hexadecanoic acid, palmitic
acid, 9,12-octadecadienoic acid, cis-vaccenic acid,
13-tetradecynoic acid which are known to possess
various biological activities (Table 3). For instance, cis-
vaccenic acid is a type of trans-fatty acid (omega-7 fatty
acid) foundinhumanmilk, known forits various biological
effects, including antibacterial and hypolipidemic
effects in rats (Qadir et al., 2020). 13-Tetradecynoic acid,
methyl ester exhibits pharmacological activities such as
anti-inflammatory and antioxidant effects (Alatee et al.,
2017). n-Hexadecanoic acid may function as an anti-
inflammatory agent (Aparna et al., 2012). Palmitic acid
inhibits the growth and metastasis of gastric cancer
by blocking the STAT3 signaling pathway (Yu et al,
2023). These compounds altogether may enhance the
medicinal properties of MPHME.

3.3. Quantitative analysis of few secondary metabolites
in the MPHME

The most prevalent molecules in plants are phenolic
compounds, which include various subclasses such as
phenolic acids, flavonoids, and tannins. Due to their
chemical functional groups, these substances can
target the various signaling pathways that are either
directly or indirectly involved in cell transformation
(Mitra et al, 2022). Flavonoids have demonstrated
anti-inflammatory, immunomodulatory (Yahfoufi et al,,
2018), and potent anticancer effects (Abotaleb et al.,
2018) in both vitro and in vivo studies. Similarly, phenolic
compounds are also involved in induction of apoptosis,
autophagy, and cell cycle arrest with high specificity
(Islam et al.,, 2021). The MPHME was found to be rich in
phenols, flavonoids, and tannin. Tannin was present in
the highest amount in MPHME followed by phenol and
flavonoid (Table 4). A quantitative analysis of MPHME
(Table 4) revealed that the extract contains high levels
of phenols (65.88 + 2.98 mg GAE/qg), followed by tannins
(48.22 + 0.98 mg TAE/g) and flavonoids (11.18 + 0.43
mg QE/g). A study conducted by Sajid et al. (2012)

found phenols (71 £ 0.05 mg GAE/g DW) and flavonoids
(2.1 £0.03 mg CE/g DW) in the aqueous-methanolic
(20:80) extract of M. pinnata seeds. In addition to
the extraction method employed, the quantity of
phytoconstituents was influenced by various factors,
including environmental conditions, type of solvent,
temperature, etc. (Venkatesan et al., 2019). Therefore,
the variation in results may be attributed to multiple
reasons.

3.4. In vitro antioxidant assay of MPHME

Natural antioxidants are preferred over synthetic
ones because they are safer for consumption and
less harmful to the environment (Al-Dabbagh et al.,
2018). Researchers have indicated that estimating the
antioxidant properties of a sample using a single assay
is inadequate, as these properties are influenced by
numerous factors (Ciz et al, 2010; Gan et al., 2010).
Therefore, the current study employed four different
assays to evaluate the antioxidant potential of MPHME.
The findings demonstrated that the extract exhibits a
high antioxidant response in a dose-dependent manner;
specifically, the total antioxidant capacity increases with
the concentration of the extract (Fig. 4). For instance, in
different free radical scavenging assays, M. pinnata seed
HME scavenged 77.53% of ABTS radicals, 73.62% of
DPPH radicals, 69.18% of nitric oxide free radicals, and
68.1% of superoxide free radicals at a concentration of
1 mg/mL (Fig. 4). In comparison, the standard solution
of ascorbic acid scavenged 92.9% of ABTS radicals,
85.9% of DPPH radicals, 78.26% of nitric oxide free
radicals, and 81.7% of superoxide free radicals at the
same concentration (Fig. 4). The seed extract exhibited
the highest inhibition in the DPPH assay (IC,, 19.26 £2.5
Hg/mL), followed by ABTS (IC. 21.48 +0.66 pg/mL), NO
(IC,,80.20+2.2 ug/ml) and SO (IC,, 479.38 £ 4.1 ug/mL)
scavenging assays (Table 5). Moreover, the standard
ascorbic acid demonstrated the highest inhibition in
the ABTS assay (IC,, 2.57 +0.17 ug/mL), followed by
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Fig. 3. GC-MS chromatogram of MPHME.

Table 3

Chemical compounds identified in the MPHME using GC-MS.
Sr. No. | Compound name RT Area%
1 Propane, 2-fluoro-2-methyl- 4307 | 4.071
2 4-Piperidinamine, N,1-dimethyl- 5.183 1.703
3 n-Hexadecanoic acid 15.448 | 12.45
4 Palmitic Acid, TMS derivative 16.99 1.487
5 9,12-Octadecadienoic acid, methyl ester 18.298 | 0.929
6 trans-13-Octadecenoic acid, methyl ester 18.532 | 3.006
7 13-Tetradecynoic acid, methyl ester 19.84 3.624
8 cis-Vaccenic acid 21.067 | 69.231
9 1-(3a-Hydroxy-1-methyl-2-thioxo-2,3,3a,8a-tetrahydro-1H-1,3,8-triaza-cyclopentala]inden-8- yl)-ethanone | 30.327 0.9
10 2-[5-(2-Methyl-benzooxazol-7-yl)-1H-pyrazol-3-yl]-phenol 30469 | 1.787

Table 4
Quantitative analysis of few secondary metabolites in the MP
HME.
Sr. No. Phytochemical Content
1 Total phenol content | 65.88 + 2.98 mg GAE/g
2 Total flavonoid content | 11.18 + 0.43 mg QE/g
3 Total tannin content 48.22 + 0.98 mg TAE/g

GAE = Gallic Acid Equivalent; QE = Quercetin Equivalent; TAE = Tannic Acid Equivalent

DPPH (IC,, 4.13 £ 0.87 pg/mL), NO (IC,, 36.66 + 2.5
pg/mL), and SO (IC,; 343.00 £ 6.5 ug/mL) scavenging
assays (Table 5). Sajid et al. (2012) reported similar
results in the DPPH assay using the aqueous methanol
extract of M. pinnata seeds. Higher concentrations of
phenolic compounds lead to more potent free radical
scavenging effects. Additionally, researchers have
shown that plants rich in phytochemicals, such as
phenols and flavonoids, are also excellent sources of
antioxidants (Pourmorad et al., 2006; Yu et al., 2021).

Therefore, the antioxidant potential of MPHME can be
attributed to its high phenolic and flavonoid content.

3.5. Brine shrimp lethality assay (BSLA)

The brine shrimp lethality assay (BSLA) serves as a
rapid, high-throughput method for assessing the
cytotoxicity of bioactive substances, particularly for
evaluating the toxicity of phytochemicals found in plant
extracts. In fact, BSLA is often employed as an initial
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Fig. 4. Antioxidant scavenging assays of the MPHME. (A) DPPH (2,2-Diphenyl-1-picrylhydrazyl) assay; (B) ABTS (2,2'-Azino-
bis-(3-ethylbenzothiazoline)-6-sulfonic acid) assay; (C) Nitric oxide (NO) scavenging assay; (D) Superoxide anion (SO)

scavenging assay; Ascorbic Acid was used asa standard.

Table 5

IC,, (ug/mL) values of MPHME and Ascorbic acid for DPPH, ABTS, NO and SO radical

scavenging assays.

Sr. No. | Antioxidant assay | MPHME IC,, (ng/mL) Ascorbic acid IC,, (ng/mL)
1 DPPH 19.26 + 2.5 413 +0.87
2 ABTS 21.48 + 0.66 2.57 +0.17
3 NO 80.20 + 2.2 36.66 + 2.5
4 SO 479.38 + 4.1 343.00 £ 6.5

Values are expressed as mean * standard error (SE).

toxicity screening tool for further research involving
animal models (Wu, 2014). In this study, the toxicity
of MPHME was assessed using BSLA and compared to
Meyer's toxicity index. According to Meyer's toxicity
index, extracts with an LC_; value of less than 1000 ug/
mL in BSLA are considered toxic, while those with an
LC,, greater than 1000 ug/mL are classified as non-toxic
(Meyer et al, 1982). The present study demonstrated
a direct correlation between the concentration of the
extract and the lethality of brine shrimp. The extract
began to exhibit lethality at a concentration of 400 ug/
mL, whereas the test control, potassium dichromate
(K,Cr,0,), initiated lethality at a concentration lower

than 100 ug/mL (Fig. 5). The LC,, of MPHME was
determined to be 1512.8 + 28.99 ug/mL, while the LC,
of the test control (potassium dichromate) was found
to be 32.553 +8.54 pug/mL. Therefore, MPHME can be
classified as non-toxic to zoological systems.

3.6. Checking in vitro anticancer activity of MPHME by
MTT assay

The results of the MTT assay showed anticancer activity
of the MPHME against the breast cancer cell line MCF-7
and the colorectal cancer cell line HCT 116. The MPHME
exhibited significant cytotoxicity towards both cell lines
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Fig. 5. Brine shrimp lethality assay (BSLA) of (A) MPHME and (B) Test control (K,Cr,0,) (x axis represents percentage

mortality; y axis represents concentration in pg/mL).

in a dose-dependent manner. The extract showed
68.81% cell viability at a concentration of 10 pug/mL,
while cell viability decreased to 26.81% at the highest
concentration of 120 pg/mL in the MCF-7 cell line (Fig.
6). On the other hand, MPHME showed 66.54% cell
viability at concentration of 10 ug/mL, with cell viability
dropping to 37.4% at the highest concentration of 120
pg/mL in the HCT 116 cell line (Fig. 6). The IC,; values
of MPHME for the MCF-7 and HCT 116 cell lines after
24 hours were found to be 28.16 + 1.85 and 30.34 +
2.63 pg/mL, respectively (Table 6). An IC.; value of less
than 30 pg/mL in preliminary assays is the criterion for
cytotoxic activity established by the American National
Cancer Institute (NCI) for crude extracts (Suffness,
1990). The investigation of plant-derived anticancer
compounds is being regarded as a promising avenue
for the development of new chemotherapeutic agents
and for enhancing the effectiveness of conventional
treatments (Igbal et al., 2017). The results of the MTT
assay indicate that MPHME is a valuable source of
phytochemicals with potent anticancer properties
against both cell lines. Traditional plants have historically
been considered an inexhaustible source of new
compounds for the development of pharmaceuticals
and drugs (Garcia-Oliveira et al.,, 2021).

4. Concluding remarks

The results of this study after preliminary phytochemical
analysis of MPHME showed the presence of
carbohydrates, flavonoids, phenols, tannins etc. along
with various other phytocomponents identified by
GC-MS including n-hexadecanoic acid, palmitic acid,
9,12-octadecadienoic acid, cis-vaccenic acid, and
13-tetradecynoic acid. Quantitative analysis suggested
the presence of high phenolic and flavonoid contents.
All this together are responsible for its potential
antioxidant and anticancer activity. In BSLA, the extract
was found to be non-toxic according to Meyer's toxicity
index and biologically active. The extract inhibited the
growth of human breast cancer cell line MCF-7 and
colorectal cancer cell line HCT 116 and hence proved its

anticancer activity effectively. Based on the findings of
this study, it was concluded that MPHME is a rich source
of naturally occurring antioxidants and anticancer
agents that could be used as potential therapeutic
agents. This study also considers as torchbearer for
identification and isolation of active components from
M. pinnata and investigation of their mode of action
against tumors using in silico, in vitro as well as in
vivo experimental models to combat against cancer
and reduced harmful side effects of the conventional
medicine.
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Table 6

IC,, values of MPHME obtained in MTT assay.
Cell line IC,, (ng/mL)
MCF-7 28.16 + 1.85
HCT116 30.34 + 2.63
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