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INTRODUCTION

ABSTRACT

The study assesses the biological properties of methanolic extracts derived from the leaves, stems, and
roots of Begonia malabarica, a native plant species in the mountainous area of southern India. The gas
chromatography-mass spectrometry (GC-MS) was used to analyze the phytochemicals in the solvent from
B. malabarica that had been extracted with methanol. The antioxidant activity was evaluated using the
2,2-diphenyl-1-picrylhydrazyl (DPPH) method and as reference solution is ascorbic acid. The cytotoxicity
activity was determined using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
approach. The GC-MS analysis effectively revealed 35 distinctive phytomolecules. The primary constituents,
namely tert-butylbenzene (23%), 2-methylnaphthalene (6.2%), ethyl ester of octadecanoic acid (0.9%), and
(Z,Z)-9,12-octadecadienoic acid (0.9%), are noted. The results, the methanolic extracts from B. malabarica
are antioxidants that have significant levels (p < 0.05) of DPPH radical scavenging activities at different
doses. The detected radical scavenging activities exhibited a higher proportion in the stem of B. malabarica.
The IC;, values for the methanolic extracts were found to be 0.77, 0.49, and 0.68 mg/mL, respectively. The
MTT analysis demonstrated that the methanolic extracts exhibited a considerable increase in cytotoxic
activity against the pancreatic cancer (PANC-1) cell line, resulting in a cell viability percentage of 69.63%
ata concentration of 31.25 pg/mL. These findings confirm the possible biological effects of B. malabarica
and its prospective use in different pharmaceutical pursuits in the future.

cases of pancreatic cancer globally, leading to 470,000

Natural resources and compounds are now recognized
as a significant reservoir of potent anticancer drugs.!!
So far, more than 1000 plant species have been identified
for their chemopreventive or anticancer characteristics.?!
In animals, the precise regulation of cell cycle regulatory
proteins is crucial for maintaining the appropriate size
and shape of cells.l3) However, disruptions in these
regulatory mechanisms have been observed, causing
cells to divide indefinitely and ultimately leading to the
development of cancer.*! According to the World Health
Organization (WHO), there will be around 500,000 new

*Corresponding Author: Dr. Soranam Ramaiah

deaths.[”! The global incidence rate for pancreatic cancer
is 4.9 per 100,000, with a mortality rate of 4.5 per
100,000. Disturbingly, pancreatic cancer rates have risen
significantly in most countries worldwide.!®!

Ethnopharmacology includes the full description of
traditional knowledge and its experimental validation
against people and domestic animals.[”] It might help
with the management, use, and distribution of natural
resources for future use.’®! According to studies, more than
80% of the world’s population uses complementary and
alternative medicines, with natural resources accounting
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for around 60% of clinical pharmaceuticals.”] Despite
breakthroughs in the field of chemotherapy, the use of
medicinal plants has recently expanded. One possible
reason is that medicinal plants are used to get active
pharmaceutical ingredients or as building blocks for the
production of chemicopharmaceuticals.!

An antioxidant is a molecule that is stable enough to
transfer an electron to a free radical and neutralize it,
limiting its ability to cause harm.['!l These antioxidants
delay or prevent cellular damage primarily by scavenging
free radicals.[*?! Furthermore, it has been observed
that methanol extracts have promising antioxidant
activity in-vitro.'3] Considering the significant impact
of inflammation and oxidative stress on the process of
carcinogenesis.[“] Nevertheless, prior research about
the cytotoxic effects of this particular plant has not been
conducted.”]

The plant kingdom synthesizes endogenous secondary
metabolites thatare currently under investigation for their
anticancer properties, with the aim of developing novel
pharmaceutical medications. The demand for naturally
occurring chemicals generated from medicinal plants
and their inherent qualities render them attractive as
potential therapies for cancer.'®! Plants with medicinal
properties pharmacologically active plants generally
referred to as herbs; continue to be the primary type
of medication in the majority of countries. These plants
are considered a significant reservoir of medicinal
phytochemicals, specifically phenolic and flavonoids,
which have the potential to be used in the creation
of groundbreaking cancer therapies.l'’! Plant-based
antioxidants’ pharmacological effectiveness can be judged
by testing their cytotoxicity in different cell lines. The
need for low cytotoxicity in normal cells is a key factor in
choosing these molecules as possible chemotherapeutic
agents.[18]

Begoniaceae is a vast genus of flowering plants, considered
one of thelargestin the world, with about 1900 species.*%2°!
The genus comprises herbaceous plants or climbing
vines and is found in tropical and subtropical locations
worldwide.[?!I There are about 959 species in all, with 19
identified sections in Asia, the majority of which are found
in Southeast Asia. Begonia malabarica Lam., which has
beenrendered into Tamil as Narayanachanjeeve, is an herb
thatis native to the hilly regions of Sri Lanka and southern
India.[?? Substituting the leaves for tamarind (Tamarindus
indica L., Caesalpiniaceae), the Paliyan tribes of the
Tirunelveli district in Tamil Nadu ingest the substance
afterithasbeen cooked. For the treatment of gastric ulcers,
stomachaches, and respiratory issues, they consume
boiled leaves.!?3 The phytochemical analysis of the leaves
has revealed the presence of friedelin, epi-friedelinol,
[-sitosterol, luteolin, quercetin, and (-sitosterol-3-§-D-
glucopyranoside. Nevertheless, the biological activity of
this species has been documented to exhibit antibacterial
and antifungal properties in the different extracts derived
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from B. malabarica leaves!?3?7] have all documented
the antitumor properties of B. tuberhybrida var. alba, B.
plebeja, and B. heracleifolia. Furthermore, the thorough
examination could be a powerful reservoir of medication
and could function as an efficacious remedy in the
future. So, the goal of this study would be to look at the
phytochemical composition, antioxidants, and cytotoxicity
of the B. malabarica methanolic extract in relation to the
pancreatic cancer cell line.

MATERIALS AND METHODS

Plant Material Collection and Identification

B. malabarica’s fresh leaves, stem, and roots were procured
from the Virudhunagar district in Tamil Nadu, India (11.00’
and 12.00°N; 77.28’and 78.50’E). The choice of the plant
under investigation was determined by its historical use
in traditional medicine. The medicinal plants selected
for examination were gathered and preserved in the
herbarium of the PG and Research Department of Botany at
V.0. Chidambaram College, located in Thoothukudi, Tamil
Nadu, India, with the purpose of retaining them for future
reference. The verification of the botanical nomenclatures
of the specimens was conducted by consulting regional
floras (11-13). The leaves that were gathered were
subjected to a washing process and afterward dried using
filter paper and air.

Preparation of Crude Plant Extracts

The plant samples were brought to the lab, washed well
with running tap water, and then rinsed in distilled water
to getrid of dirt and debris. The samples were then dried
in the shade and ground up. To make the ethanol extracts,
300 g of each of the dry, powdered plantingredients were
soakedin 1 L of ethanol at room temperature for 72 hours.
Each of the final extracts went through No. 1 Whatman
filter paper. The filtrates were then concentrated on a
rotating evaporator at 40°C under a vacuum and kept at
4°C for later use.

The percentage yield of the plant extract was determined
using the prescribed formula.

In this context, Cx represents the weight of the plant
material after the extraction procedure, while CY
represents the weight of the plant material that was first
collected for extraction.

GC-MS Analysis

The extracts were dissolved in 1:1 ethyl alcohol. To analyze
the crude extract, 2 uL was diluted in HPLC grade methanol
and analyzed using JEOL GC mate with a secondary
electron multiplier. JEOL GCMATE II GC-MS (Agilent
Technologies 6890N Network GC gas chromatography
system). The column (HP5) was 50 mx0.25 mm L.D. fused
silica. Analysis conditions were 20 minutes at 100°C,
3 minutes at 235°C for the column, 240°C for the injector,
helium carrier gas, and 5:4 split ratio. The sample (1 pL)
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was evaporated in a split-less injector at 300°C for
22 minutes. These compounds were detected by gas
chromatography and mass spectrometry (GC-MS) as
described.?®] The NIST database was used to interpret the
GC-MS mass spectrum and find out the molecular weight,
formula, and structure of the test material compounds.

Determination of DPPH Scavenging Assay

An approach for assessing the DPPH radical scavenging
capacity of the extract was described.?! Mix 0.5 mL of
the sample solution dissolved in methanol with 2.5 mL of
DPPH-containing 0.5 mM methanolic solution. The solution
was subjected to vigorous agitation and thereafter placed
ina dark environment at room temperature for 30 minutes.
The measurement of absorbance was conducted at a
wavelength of 517 nm usinga UV spectrophotometer. The
positive control used in the experiment was ascorbic acid.
The percentage of DPPH free radical scavenging ability was
determined through the use of a specific formula.
Where, Ac - absorbance of the control response; As -
absorbance of the test sample.

Cytotoxicity Assay

PANC-1 cells were used to test the cytotoxicity of
methanolic extracts of B. malabarica. The cell line was
bought from the Pondicherry Centre for Biological Sciences
and Educational Trust (Registration Number 2840/
B4/2016, Pondicherry). The MTT (3-(4,5-dimethylthiazol-
2-y1)-2,5-diphenyltetrazolium bromide) tetrazolium
reduction test was the initial homogeneous assay designed
to assess cell viability in a 96-well format, specifically
tailored for high-throughput screening (HTS) purposes.3”
The PANC-1 cell line, which is associated with pancreatic
cancer, was cultured individually on 96-well plates. It
was plated with 1x10* cells per well in EMEM media that
had 1X antibiotic antimycotic solution and 10% fetal
bovine serum added to it. The culture was maintained
in a CO, incubator at a temperature of 37°C with a CO,
concentration of 5%. The cells were rinsed with 200 puL
of 1X phosphate-buffered saline (PBS). Subsequently,
the cells were exposed to different concentrations of
the compound in serum-free media and incubated for
24 hours. The culture medium emerged from the cells
upon completion of the treatment duration. A solution
of MTT at a concentration of 0.5 mg/mL in 1X PBS was
introduced and subjected to incubation at a temperature
of 37°C for 4 hours within a CO, incubator. Following
the incubation period, the media containing MTT was
removed from the cells and subsequently washed using
200 pL of PBS. The crystals that had been generated were
dissolved by adding 100 pL of dimethyl sulfoxide (DMSO)
and ultimately mixed. At 570 nm, the emergence of color
intensity was examined. The formazan dye undergoes a
color change to a shade of purple-blue. The measurement
of absorbance was conducted at a wavelength of 570 nm
using a microplate reader.
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Statistical Analysis

All the analyses were conducted in triplicate. The mean
value and standard deviation (SD) were computed in
order to assess the percentage inhibition or percentage
antioxidant activity. An analysis of variance (ANOVA) was
conducted to compare the data, and the statistical analysis
was performed using SPSS version 20. The antioxidant
properties of the extracts were assessed using a one-way
analysis of variance (ANOVA) and Tukey’s test. p < 0.05
was deemed to be statistically significant.

RESULTS AND DISCUSSION

Chemical Composition of Methanolic Extracts by
GC-MS Analysis

The chemical composition of B. malabarica plant extracts
was done to find out which phytomolecules might be
responsible for the anticancer effects of plant extracts.
In order to assess, compounds in the methanolic extract
of B. malabarica using GC-MS. Fig. 1 shows the gas
chromatograms that were made from the methanolic
extract of B. malabarica, and Table 1 shows the chemical
compounds that have been found. In all, a total of 35
compounds were identified by the utilization of GC
chromatogram, retention time, peak area analysis of B.
malabarica plant extract, and comparison of the mass
spectra of each constituent with the entries in mass
spectra databases such as NIST and Wiley libraries.
Among the compounds, provisional identifications
were made for those that accounted for 98.8% of
the total peak area of the methanolic extract of B.
malabarica. The methanolic extracts of B. malabarica
were found to contain several prominent phenolic
compounds, including benzene, tert-butyl- (23.0%),
propane, 1,1,3-triethoxy-(9.1%), ethyl undecyl carbonate
(7.6%), 9,10-dimethyltricyclo[4.2.1.1(2,5)] decane-9,10-
diol (6.7%), L-alpha-terpineol (6.4%), and naphthalene,
2-methyl (6.2%), as summarized in Table 2. The
methanolic extract of B. malabarica contained several
major components, predominantly esters. These esters
included 9,12-octadecadienoic acid, ethyl ester (0.9%),
octadecanoic acid, ethyl ester (0.9%), decanoic acid,
3,7,11,15-tetramethyl-2-hexadecen-1-yl ester (0.68%),
hexadecanoic acid, ethyl ester (0.65%), and pentadecanoic
acid, 2-hydroxy-1-(hydroxymethyl) ethyl ester (0.6%).
In contrast, the methanolic extract included fatty acid
components, including 9,12-octadecadienoic acid (Z,Z)-
and octadecanoic acid (0.9%), as indicated in Table 1.

Determination of DPPH Antioxidant Assay

In order to assess the antioxidant capacity of methanolic
extracts derived from various parts of B. malabarica, we
conducted an analysis of the scavenging activity of DPPH
radicals. This analysis included methanolic extracts from
different parts of B. malabarica as well as a standard
compound, ascorbic acid. As shown in Table 2, the
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Table 1: B. malabarica phytochemical compounds are extracted with methanol solvent

S.No. Compounds MF Mw RT (min) % Peak area
1. 2-Pentanone, 4-hydroxy-4-methyl- C¢H120, 116 4.67 0.6
2. Tricyclo[2.2.1.0(2,6)]heptane, 1,3,3-trimethyl- CioHi6 136 6.84 0.61
3. Ethyl undecyl carbonate C14H,504 244 7.40 7.6
4. Hexane, 2-phenyl-3-propyl- CysHyy 204 7.62 1.9
5. Ethyl 2,2-diethoxypropionate CoH450, 190 7.75 0.57
6. 5-Methyl-2-hexanol, 2-methylpropionate C;1H,,0, 186 7.89 6.9
7. Benzene, 1,2,4-trimethyl- CoHy, 120 8.13 0.4
8. 2(3H)-Furanone, dihydro-5-methyl-5-phenyl- C;1H1,0, 176 8.49 2.9
9. Hexadecane Ci6H3y 226 8.74 2.62
10. Benzene, tert-butyl- CioH1sg 134 9.42 23.0
11. Propane, 1,1,3-triethoxy- CoH,(04 176 10.92 9.1
12. 3,3-Diethoxy-1-propanol, butyl ether C;1H,404 204 11.22 5.2
13. Tetradecane Ci4H3p 198 11.71 2.16
14. L-alpha-Terpineol CioH1g0 154 14.12 6.4
15. 4a,8a-(Methaniminomethano)naphthalene-9,11-dione, 10-phenyl- C;gH3NO, 275 14.24 0.61
16. Naphthalene, 2-methyl- Ci1Hyg 142 17.34 6.2
17. Pentadecane Cy5Hs, 212 17.47 0.6
18. 3-Trifluoromethylbenzhydryl chloride Cy4H1(CIF; 270 24.62 0.42
19. 9,10-Dimethyltricyclo[4.2.1.1(2,5)]decane-9,10-diol C1,H00, 196 28.81 6.7
20. Dibenzo[b,e]7,8-diazabicyclo[2.2.2]octa-2,5-diene Ci4HN, 208 28.96 0.79
21. 2-Cyclohexen-1-one, 4-hydroxy-3,5,6-trimethyl-4-(3-oxo-1-butenyl)- C;3H1g05 222 29.26 1.44
22. 3,7,11,15-Tetramethylhexadec-2-en-1-yl acetate C,,Hy,0, 338 30.14 0.68
23. Carbazole Ci,HoN 167 30.23 1.21
24, Decanoic acid, 3,7,11,15-tetramethyl-2-hexadecen-1-yl ester C3oHs550, 450 31.01 0.68
25. Octadecanoic acid CigH3460, 284 32.66 0.9
26. Ethyl 9-hexadecenoate CygH340, 282 33.11 0.65
27. Hexadecanoic acid, ethyl ester C;gH340, 284 33.22 0.65
28. Cyclohexanol, 5-methyl-2-(1-methylethyl)-, (1.alpha. 2.beta.,5.beta.)- C;oH500 156 35.10 1.75
29. 9,12-Octadecadienoic acid (Z,Z)- C;gH3,0, 280 35.39 0.9
30. 7-Tetradecenal, (Z)- Ci4H,60 210 35.47 1.16
31 9,12-Octadecadienoic acid, ethyl ester C,oH360, 308 35.75 0.9
32. n-Propyl 9,12,15-octadecatrienoate C,1H340, 320 35.83 0.65
33. Octadecanoic acid, ethyl ester Cy0H400, 312 36.14 0.9
34. Pentadecanoic acid, 2-hydroxy-1-(hydroxymethyl)ethyl ester CigH360, 316 39.36 0.6
35. Bis(2-ethylhexyl) phthalate C,4H350, 390 39.71 0.43

methanolic extracts of B. malabarica were able to getrid of
DPPH radicals in-vitro in a dose-dependent way. The DPPH
radical scavenging activities of the standard (L-ascorbic
acid) were found to be considerably higher compared
to the DPPH radical scavenging activities of all the
methanolic plant extracts that were investigated (p < 0.05;
Table 2). The methanolic extract of B. malabarica exhibited
substantially higher DPPH radical scavenging capabilities
compared to the methanolic extracts of BML, BMS, and
BMR at all evaluated doses (p < 0.05;). The methanolic
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extracts of various parts of B. malabarica exhibited
significantly different percentages of DPPH radical
scavenging activities at all concentrations (p <0.05).
Notably, the observed percentage of radical scavenging
activities was significantly higher in comparison to the
stem of B. malabarica (p < 0.05; Table 2).

In this work, we also established the ICg, values, which
represent the amounts of plant extracts necessary to
scavenge 50% of the DPPH radicals. The IC;, values for the
BML, BMS, and BMR extracts were determined to be 0.77,
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Table 2: Inhibitory effects of different part extracts of B. malabarica in DPPH at 517 nm

DPPH Scavenging activity (% inhibition)

Concentration in mg/mL Treatments
BML BMS BMR L-Ascorbic acid
25 6.77 +£0.28? 25.37 £ 0.62% 6.35 + 0.48? 86.36 + 0.34°
50 9.18 +0.57% 33.10 + 0.472 14.31 + 0.45% 67.30 + 0.29%
100 12.17 £ 0.52? 42.02 £0.75° 22.35+0.57% 49.16 £ 0.40°
250 14.47 + 0.62? 52.20 +0.57% 29.20 + 0.39% 41.07 £2.18°
500 16.42 +0.70% 64.91 +0.57% 34.83 +0.63% 27.50 +1.32%
ICs, 0.77 0.49 0.68 0.44
The values are expressed as mean+SD, Value with the uppercase superscript letter within the row and column are significantly
different (p < 0.05)

Fig. 1: GC-MS chromatograms of B. malabarica samples were made
with methanol as the extraction solvent

0.49,and 0.68 mg/mL, respectively (Table 2). In contrast,
the IC;, value of the reference compound (L-ascorbic acid)
was determined to be 0.44 mg/mL.

Cytotoxicity Effects of B. malabarica Extracts

The cytotoxicity of the methanolic extract of B. malabarica
against the PANC-1 pancreatic cancer cell line was assessed
using the MTT assay. Fig. 2 illustrates the cytotoxicity
impact of the methanolic extract on the PANC-1 cell line,
which is associated with pancreatic cancer. The methanolic
extract exhibited a substantial impact on the viability of
PANC-1 cells across all tested doses. In Fig. 3, it can be
observed that the cell viability was significantly high ata
concentration of 31.25 ug/mL, with a corresponding cell
viability percentage of 69.63%. As illustrated in Fig. 3,
the extract demonstrated substantial suppression of the
proliferation and viability of pancreatic cancer cells in a
dose-dependent manner. The selectivity of the cytotoxic
activity exhibited by the extract of B. malabarica was
assessed by conducting a comparative analysis of its
cytotoxic activity (ICg,) against pancreatic cancer cells

ative medicine and 2col:
ving medicinal plantsand e hg &
is an important aspect of the futu
blic health around the world.[*"] The tropical plant
abarica has been used to treat a variety of medical
ions, including stomach ulcers, stomach pain, and
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Fig. 2: Cell viability as a function of methanolic extract cytotoxicity

against PANC-1 cells (A- Normal cell culture without ME, B-F- Culture

treated with ME at different concentrations of 500, 250, 125, 62.5, &
31.25 pg/mL)
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Fig. 3: Cytotoxicity efficacy of a methanolic extract of B. malabarica
against a pancreatic cancer cell line (PANC-1) was dose-dependent

respiratory issues.!?3l Additionally, the Palliyan tribe
people in the Tirunelveli District of Tamil Nadu consume
the leaves of this plant to treat venereal infections and
provide a cooling effect to the body.*?) The Kani Tribe,
residing in the Kanyakumari district in Tamil Nadu,
India, utilizes leaves as a source of wild edible.[33] These

123



Selvanayahi Sakthivadivel et al

leaves are known to possess a significant concentration
of phenolic and flavonoid components, which contribute
to their ability to scavenge free radicals and exhibit
antioxidant activity.** Hence, the current investigation is
centered on the assessment of the phytochemical content,
antioxidant capacity, and in-vitro cytotoxicity effects of B.
malabarica methanolic extracts on the pancreatic cancer
cell line.

The present study evaluated the antioxidant activity of
methanolic extracts derived from various components
of B. malabarica through the use of the DPPH assay. The
findings of the study indicated that the plant extracts
demonstrated a dose-dependent ability to scavenge DPPH
radicals, although their effectiveness was comparatively
lower than that of the conventional antioxidant, ascorbic
acid. Numerous studies conducted in the realm of
natural antioxidants have consistently demonstrated
that plant extracts, particularly those abundant in
phenolic compounds, possess notable antioxidant
characteristics.>3% These molecules possess the ability
to counteract detrimental free radicals within the human
body, which have been linked to a range of ailments such
as cancer and the aging process.[3”]

The DPPH assay is a frequently employed technique for
assessing the antioxidant capacity, and the outcomes of
our investigation are consistent with previous studies
conducted on antioxidants produced from plants.[?%38]
Chemical composition analysis was done on the methanolic
extract of B. malabarica. This showed that it contained
a number of different substances, including phenolic
compounds, esters, and fatty acids. Numerous prior
investigations have examined the phytochemical makeup
of various plant extracts, leading to the identification of a
diverse array of bioactive chemicals.[**] These substances
frequently play a part in the biological activity that the
extracts exhibit.[3]

The presence of 5-methyl-2-hexanol and 2-meth-
ylpropionate, which are volatile chemicals, has been
discovered in a variety of plant species.[*”) These
molecules are particularly associated with the aromatic
and flavor characteristics exhibited by specific fruits and
flowers."! The aforementioned chemicals are constituents
of the wider domain of plant secondary metabolites, which
fulfill diverse ecological and biological roles.*?! L-alpha-
terpineol is frequently encountered in essential oils
derived from many aromatic plant species./*3! According
to Mohamed and Alotaibi,*3 it has a significant role in
enhancing the fragrance and taste of various botanical
specimens, often accounting for their distinctive aromas.
However, certain terpenes, such as terpineol, exhibit
antibacterial capabilities that contribute to the defense
mechanism of plants against viruses and illnesses.*!
Phenolic chemicals, including flavonoids and polyphenols,
have gained recognition for their antioxidative
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characteristics and possible implications for human
health.*¢#7] The study presented findings that indicate
the methanolic extract of B. malabarica showed cytotoxic
properties when tested against the PANC-1 pancreatic
cancer cell line. The investigation of the cytotoxic
properties of plant extracts against cancer cells is an
increasingly prominent subject within the realms of
natural products and cancer research.[*®*° Several
studies have been conducted to examine the capacity
of plant-derived chemicals to inhibit the proliferation
of cancer cells and trigger programmed cell death, also
known as apoptosis.['>°% The observed selectivity of
cytotoxic action in our investigation, wherein the extract
exhibited more toxicity towards cancer cells in comparison
to normal cells, is a favorable attribute for prospective
cancer therapies.

The quantification of ICg, values in our investigation
offers a numerical assessment of the concentration of the
extract necessary to impede 50% of DPPH radicals or the
proliferation of cancer cells. In the fields of pharmacology
and toxicology, ICs, values are frequently employed as
a means of evaluating the efficacy of various drugs.°!
Lower IC;,values indicate more potency or efficacy.?’ The
evaluation of the relative efficiency of natural products
often involves comparing the IC;, values of plant extracts
to those of conventional chemicals, such as ascorbic acid,
as demonstrated in this work. The presence of several
secondary metabolites resulted in dose-dependent
cytotoxic effects on specific cancer cell lines.[>°3! There
are a lot of bioactive compounds in B. malabarica, and it
has great antioxidant properties and helps pancreatic
cancer cell lines survive and migrate. This means that the
substances that can be extracted are very valuable and
have alot of potential for use in pharmaceutical products.

CONCLUSION

The findings of this study are consistent with a larger
body of research that suggests plant extracts, particularly
those containing high levels of phenolic chemicals, exhibit
antioxidant properties and demonstrate cytotoxic effects
on pancreatic cancer cell lines. Nevertheless, although
these findings show promise, they only serve as a first
step in comprehending the possible therapeutic uses
of B. malabarica extracts. Additional investigation,
encompassing mechanistic inquiries and clinical trials,
would be imperative to thoroughly examine their efficacy
in the realm of medicine and healthcare.
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