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ARTICLE INFO ABSTRACT

The synthesis of silver nanoparticles (AgNPs) using phytochemicals is increasingly recognized
for its biocompatibility and therapeutic potential. This study explores the green synthesis of
AgNPs using Sansevieria cylindrica extract and compares their antioxidant activities and
cytotoxicity against MCF-7, HeLa, SKOV3 and HUVEC cell lines. The hydroalcoholic extract of
S. cylindrica was analysed for phytochemical content and AgNP synthesis and characterised by
UV-Vis and FT-IR spectroscopy, SEM, zeta potential, and particle size analyzer. The green
synthesis of AgNPs was optimized by varying concentrations of AgNOs and extract at different
temperatures and times. The synthesized NP was confirmed by UV-visible spectrophotometry,
with a distinct peak at 425 nm, characteristic of AgNPs. FT-IR analysis revealed the presence of
functional groups from the extract that stabilized the nanoparticles. SEM imaging demonstrated
mostly spherical nanoparticle sizes (100 nm). Zeta potential analysis indicated moderate stability
(-24.3 mV), and particle size analysis revealed a broad distribution, with a dominant population
around 127.37 nm and some larger aggregates, suggesting room for optimisation of the synthesis
process. The AgNPs exhibited significantly higher cytotoxic effects against the cancer cell lines
(MCF-7, HeLa, and SKOV3) than the crude extract, with reduced toxicity towards non-cancerous
HUVEC cells. The total phenolic and flavonoid contents were quantified, affirming its antioxidant
capacity. The findings suggest that AgNPs synthesised from S. cylindrica are more effective and
safer for cancer treatment, emphasising the potential of phytochemical-mediated nanoparticle
synthesis in medical applications.
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Introduction

Cancer is a significant global health issue involving the
uncontrolled growth of cells and their ability to spread to different body
areas. It covers various diseases that can affect various organ systems
and are caused by genetic mutations, environmental influences, lifestyle
choices, and chronic infections.** Cancer is a complex disease that can
outsmart the immune system and resist treatment, making it even more
challenging to treat. Cancer is a significant global cause of death,
affecting countless lives and taking a toll on society, both economically
and emotionally. Despite the progress made in medical science, there is
still a pressing need for better and safer treatments to improve survival
rates. Driven by this sense of urgency, researchers constantly seek new
and innovative treatments.5>7 One promising avenue is the development
of targeted therapies that can specifically target cancer cells without
harming healthy tissues. This approach holds great promise for
improving patient outcomes and quality of life.®1° The quest for novel
and effective agents for treating cancer has led to exploring
phytochemicals and their derivatives, including nanoparticles
synthesised from plant extracts.!
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This search is fuelled by the need for treatments that are not only
efficacious but also exhibit lower toxicity towards normal cells. Silver
nanoparticles (AgNPs) have emerged as a promising avenue in
nanomedicine owing to their remarkable properties, such as high
surface area and easy functionalisation. These attributes make AgNPs a
versatile platform for drug delivery and therapeutic agents.*?
Sansevieria cylindrica, from the Asparagaceae family, is known for its
upright and cylindrical foliage, which can reach heights of up to 5 feet,
showcasing a radial symmetry that distinguishes it from other flora.3-15
It is a renowned indoor plant because of its resilience and ease of care,
as it can tolerate variable temperatures, low light, and infrequent
watering.'® In addition to its decorative function, S. cylindrica has a rich
history in traditional medicine, which has been used to alleviate
respiratory and gastrointestinal ailments, highlighting its medicinal
value. The bioactive components of plants, such as glucuronate
substances, cardenolides, polyphenols, and saponins, endow them with
antioxidant and antibacterial properties. Its ability to purify air is
attributable to the presence of pregnane glycosides and steroids.*”1°
This study addresses a significant gap in the ethnopharmacological
knowledge of Sansevieria cylindrica by exploring its potential in the
green synthesis of silver nanoparticles (AgNPs). While S. cylindrica is
renowned for its traditional medicinal uses, its application in
nanomedicine remains underexplored. By synthesising biocompatible
and effective AgNPs from S. cylindrica, this research seeks to validate
their efficacy and safety, hypothesising that they may offer a superior
therapeutic profile compared to conventional treatments. Silver was
chosen explicitly over other nanomaterials due to its exceptional
antimicrobial and anticancer properties, high surface area, ease of
functionalisation, and strong interaction with biological molecules.
These attributes make AgNPs an ideal candidate for developing
advanced and sustainable cancer therapies, bridging traditional
phytochemistry with nanotechnology.
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Materials and Methods

Collection of Plant material

Sansevieria  cylindrica was  collected from  Hyderabad
(17.417027926199097, 78.53196134482792), Telangana, in November
2022 and authenticated from the Sri Venkateswara University (Voucher
specimen Number-0925).

Extraction Procedure

The plant material (1 kg of the leaf ) was pulverized after drying. The
powdered material was macerated in hydroalcohol (ethanol: water
solution of 70:30 v/v) with frequent stirring and allowed to extract for
seven days. The filtrate was concentrated to dryness using a vacuum-
stopped rotary evaporator (Vedh Instruments, Hyderabad, India) to
obtain the crude extract.?%?

Qualitative Phytochemical Analysis

Preliminary phytochemical analysis of the S. cylindrica leaf extracts
was performed according to established protocols.??

Quantitative Phytochemical Screening

Determination of total phenolic content

The modified Singleton method was used to determine the total
phenolic content of S. cylindrica. A gallic acid stock solution was
prepared and diluted with ethanol to different concentrations (25-100
ng/mL). After adding 10% Folin-Ciocalteu reagent to 7.5% w/v sodium
carbonate, the mixture was incubated at room temperature for two
hours. Absorbance was measured at 765 nm using a UV-visible
spectrophotometer (Shimadzu-1800, Japan) in triplicate. The total
phenolic content was reported as milligrams of gallic acid equivalents
(GAE) per gram of sample in dry weight (mg/g) after a calibration curve
was created.?2

Determination of total flavonoid content

The Dowd method was used to quantify the total flavonoid content in
S. cylindrica. A volume of 0.2 mL of 10% (w/v) aluminium chloride
solution, 0.2 mL of 1 M potassium acetate, and distilled water were
combined with 1 mL of a sample solution that included plant extracts
and quercetin. After incubating the mixture for 30 minutes, a UV-
visible spectrophotometer operating in triplicate at a wavelength of 415
nm was used to measure the absorbance. The findings are reported in
milligrams per gram (mg QE/g), with the results as mg quercetin
equivalents per gram of dry extract.?5-%

In vitro antioxidant activity study

DPPH assay

DPPH radical scavenging experiments were performed to evaluate the
ability of the ethanolic extracts of S. cylindrica to scavenge free
radicals. After mixing 0.2 mL of the extract solution with 2 mL of a 0.5
mM DPPH solution. The reference standard was ascorbic acid, and the
absorbance of each extract was measured thrice at 515 nm after 20 min
of incubation.?’” The antioxidant activity was calculated using the

following formula (1):
% inhibition — Absorbance of the Control—Absorbance of Test X 100

Absorbance of the Control

M

Nitric oxide radical scavenging assay

The ability of S. cylindrica extracts to scavenge nitric oxide radicals
was tested by combining the extract (0.5 mL) with 2 mL of a 10 mM
solution of sodium nitroprusside and 0.5 mL (pH 7.4) and incubating
the mixture at 25°C for 150 min.?® After the incubation the readings
were noted for the blank (dimethyl sulfoxide), standard (Ascorbic acid),
and test (S. cylindrica extracts) samples at 540nm, and the percentage
of NO inhibition was calculated using Formula 1.
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Cytotoxicity Assay

The cytotoxic activity of S. cylindrica was assessed using the MTT
assay. Cancer cell lines (ATCC), including cervical (HeLa), breast
(MCF-7), ovarian (SKOV3), and human umbilical vein endothelial
cells (HUVECs), were selected for the study. These cells were cultured
in 96-well plates under standard controlled conditions, for 72 hours.
After incubation, MTT reagent (20 uL of 2 mg/mL in phosphate-
buffered saline) was added to each well, and the cells were incubated
for an additional 3 hours. Mitochondrial enzymes within the viable cells
reduced the MTT, resulting in the formation of purple formazan
crystals. These crystals were dissolved in 100 pL of DMSO, and the
optical density of the solution was measured at 540 nm in triplicate
using a spectrophotometer. The absorbance values, which reflect cell
viability, were used to determine the I1Cso value—the concentration
needed to inhibit 50% of cell viability. These ICso values were then
compared with those of the standard chemotherapeutic agent
Doxorubicin and blank controls.?

Green synthesis of AgNps

A mixture of silver nitrate (AgNOs) solution and the various
concentrations of test solutions were made and allowed to react under
various experimental conditions. Different concentrations of the S.
cylindrica extract (0.10 to 1.00%) and silver nitrate (0.5 mM to 10 mM).
The combinations were allowed to react for 15, 30, 60, 90, and 120
minutes at varying temperature conditions (25°C to 100°C). After the
reaction, the mixtures were subjected to cold centrifugation for 15
minutes at 11,000 rpm. The pellets were thoroughly washed with
deionized water multiple times to ensure purity and then dried in an
oven at 50°C for further analysis. The most efficient and stable
conditions identified during these experiments were subsequently
applied for the bulk production of AgNPs, highlighting their rapid ion
reduction and stabilisation properties.3!

Characterization of AgNPs

To characterise the synthesised silver nanoparticles (AgNPs), a range
of analytical techniques was utilized:

Ultraviolet-visible (UV-Vis) spectroscopic Analysis

Initially, Ultraviolet-visible (UV-Vis) spectroscopy was employed to
evaluate the optical properties of the AgNPs. For this purpose, 3 mL of
the AgNP solution was analyzed at room temperature (25°C). The
absorbance spectra were recorded across a wavelength range of 200-
800 nm with a 1 nm resolution, adhering to standard procedures.

FT-IR Analysis of AgNPs

Fourier Transform Infrared (FT-IR) spectroscopy was conducted
(BRUKER OPTICS TENSOR 27 model Germany) to determine the
functional groups associated with the nanoparticles. The FT-IR spectra
were acquired over the range of 600 to 4000 cm™, with a transmittance
resolution of 5 cm™.

Scanning Electron Microscopic Analysis

For morphological analysis, Field Emission Scanning Electron
Microscopy (FESEM) was performed using a FEI Apreo LoVac model,
which is equipped with a “retractable STEM 3+ Detector and DBS
Detector”. The AgNP samples were adhered to “carbon conductive
tape” to ensure stability and obtain high-resolution images.

Particle size analysis

Additionally, the particle size, volume, and distribution were assessed
using a particle size analyzer, providing detailed insights into the
physical characteristics of the nanoparticles.*

Statistical analysis
Microsoft Excel with appropriate formula tools was used as needed.

9105

© 2024 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License



Trop J Nat Prod Res, November 2024; 8(11): 9104 - 9110

Results and Discussions

The phytochemicals detected in the leaf extract of S. cylindrica are
presented in Table 1. Alkaloids and tannins are reducing agents, aiding
in the transformation of silver ions (Ag") into nanoparticles. Terpenoids
including Saponins reduce the silver ions and stabilise the AgNPs.
Carbohydrates help to prevent the aggregation of the AgNPs. The
combined action of these phytochemicals leads to the efficient synthesis
and stabilisation of AgNPs, making them well-suited for a range of
applications (Table 1).3%% The total phenolic content was assessed
using the “Folin—Ciocalteu method” with gallic acid as the standard
(Table 2) and was observed as 75.86+0.14 mgGE/g. The flavonoid
content was measured as 12.17+0.78 mg of gram equivalence of
quercetin (mg QE/g) at 415 nm (Table 2).

S. cylindrica demonstrated significant DPPH radical scavenging
activity in a dose-dependent manner compared to ascorbic acid in the
present study (Table 3). At a higher concentration of 75 pg/mL, the
extract exhibited 41.8% inhibition (ICso = 81.34 pg/mL), which was
second only to ascorbic acid (79.97%; 1Cso = 39.42 pg/mL). These
results suggested that the plant possesses potent antioxidant (Figure 1)
properties. As shown in Figure 2, S. cylindrica exhibited notable nitric
oxide radical scavenging activity, which was dose-dependent. At a
higher concentration of 75 pg/mL, the extract showed a significant
inhibition of 39.5%, with ICso values of 90.55ug/mL. These results
indicate that the extract possesses potent antioxidant properties,
combating oxidative stress and offering potential protective effects in
the body.

Table 1: Qualitative phytochemical study of S. cylindrica

Phytochemical Present (+) /Absent (-)

Alkaloids +
Glycosides -
Flavonoids +
Terpenoids& +
steroids

Saponins +
Tannins -

(+) Present, (-) Absent

Table 2: Quantitative phytochemical study of S. cylindrica

Quantitative phytochemical study  Result
Total phenolic content 75.86+0.14 mgGE/g

12.17+0.7 8mgQE/g

Total flavonoid content

*All values are expressed as Mean+SD for three determinations”

Table 3: Percentage inhibition and 1Cs, values at different
concentrations of standard Ascorbic acid with Sansevieria
cylindrica extract

. DPPH assay NO free radical assay
Concentration - -
ug/mL Asco_rblc ) S. _ Asco_rblc _ S. _
acid cylindrica acid cylindrica
75 92.68+0.25  83.29+0.22 86.63+0.33 81.98+0.44
50 74.95+0.12  69.00+0.63 66.06+0.25 57.28+0.65
25 68.74+0.22  60.20+0.14 47.15+0.34 40.64+0.21
15 60.17+0.14  57.15+0.22 51.33#0.61 45.55+0.68
10 46.39+0.35  38.63+0.14 36.34+0.45 28.80+0.74
ICso pg/mi 27.58 31.38 37.61
21.65 pg/ml  pg/ml pg/ml pg/ml

To optimise the synthesis of nanoparticles, a range of AgNO3
concentrations was tested in combination with varying amounts of S.
cylindrica leaf extract under different temperatures and time intervals.
Notably, after 60 minutes, the reaction involving a 0.2% concentration
of the test sample with 1 mM AgNOs (40°C) led to the formation of

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

AgNps that can be observed visually with the transformation of yellow
to brown colouration, which is an indication of reduction of silver cation
to its metallic form, indicating efficient nanoparticle formation. The
successful synthesis of silver nanoparticles (AgNPs) in solution was
confirmed using UV-visible spectrophotometry (Figure 3), which
identified a Surface Plasmon Resonance (SPR) absorption band within
the 430-436 nm wavelength range. The spectral analysis included the
newly synthesized AgNPs, silver nitrate, and the S. cylindrica extract.
A distinct absorption peak at 425 nm, characteristic of AgNPs, was
observed. SPR band at 425 nm, typically indicates the presence of
smaller, spherical nanoparticles. In contrast, multiple SPR bands at
longer wavelengths would suggest the presence of big, uneven
nanoparticles. The symmetry of the observed SPR band further
indicated the absence of significant particle aggregation in the solution.

120.00

8
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6020 6017%7 15
46,39
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75 50 25 15 10

Concentration pg/mL

100.00 9
80.00
60.00
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m Ascorbic acid  ®S. cylindrica

Figure 1: Effect of S. cylindrica on DPPH radicals
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Figure 2: Effect of S. cylindrica on NO radicals

Therefore, the sharp, symmetric peak at 425 nm confirms the successful
production of small-spherical AgNPs with minimal agglomeration.
Similarly, FT-IR analysis of the S. cylindrica extract revealed distinct
absorption bands corresponding to various functional groups,
highlighting the phytochemical composition of the extract. A broad,
prominent band around 3300 cm™ indicates hydroxyl (OH-) groups of
alcohol, phenol, and flavonoids, which are known to act as stabilising
agents on the nanoparticle surface. Additionally, a band at 1627 cm™
corresponds to carbon double bonds, typical of rigid skeleton systems
of compounds. The carboxylic acid groups can be assigned to the peaks
at 1151 cm™ and 1014 cm™'. Furthermore, the detection of bands at 904
cm!' points to the presence of unsaturated bonds in aromatic
compounds. The phytochemicals present in the extracts interacted with
the metal ions and this change of wavelength can be seen in the spectra
which are possibly due to either metallic or redox reactions, ultimately
leading to the generation of AgNPs. In addition, these phytochemicals
are not only involved in the formation of AgNPs, but also their
durability with size uniformity, and individuality (Figure 4a and 4b).
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The presence of AgNPs exhibits diverse aggregation patterns
characterised by particles of different shapes and sizes. The
predominant morphology observed was spherical, with magnifications
ranging from 10,000 x to 40,000 x. The acquired images provide visual
evidence of particles exhibiting a wide range of sizes, encompassing
individual nanoparticles measuring approximately 100 nm in diameter
alongside larger aggregates that appear to fall within the micrometre
scale. This observation supports the previously determined
polydispersity index of 21.6% obtained from the analysis of the particle
size data. Surface roughness and non-uniform spatial distribution were
observable in the observed samples. Notably, dense clustering was
observed in certain regions, indicating the possibility of variation in the
synthesis or post-synthesis treatment. Scanning electron microscopy
(SEM) revealed the existence of nano-sized particles that possess
dimensions suitable for applications requiring small sizes. Additionally,
larger aggregates were observed, which could influence the colloidal
stability and functional performance of the silver nanoparticles (Figure
5). The Zeta potential results revealed a mean zeta potential of -24.3
mV, indicating that the nanoparticles possessed a moderate negative
charge. Despite falling below the £30 mV threshold, commonly linked
to strong colloidal stability, this value suggests a moderate level of
stability, with the possibility of some aggregation. The Zeta potential
measurements exhibited a relatively low standard deviation of 4.2 mV,
indicating a consistent surface charge across the particles in the sample.
All the measured particles fell into a single peak (-24.3 mV), which
further confirmed the consistent distribution of the surface charge. The
Zeta deviation of 11.3 mV demonstrates a reasonable spread of values,
suggesting a certain level of variability but generally falling within an
acceptable range. In addition, the low conductivity of the suspension
(0.0897 mS/cm) indicated that the low ionic strength of the medium did
not effectively shield the surface charges. This enabled more precise
measurements of zeta potential. Based on these findings, the stability of
AgNPs appeared to be moderate. However, modifying the surface
chemistry or suspension medium may be beneficial to improve stability
and prevent aggregation (Figure 6). The analysis of silver nanoparticles
(AgNPs) demonstrated a hydrodynamic diameter of 532.6 nm,
accompanied by a polydispersity index (PDI) of 21.6%. This PDI value
suggested a wide range of particle sizes, indicating a broad size
distribution. The analysed sample exhibited a dominant population of
particles with an average diameter of 127.37 nm, constituting
approximately 86.75% of the overall distribution. A secondary peak
was also observed at 1598.8 nm, representing approximately 13.25% of
the total particle population. These findings indicate the potential
existence of aggregates. The obtained mean scattering intensity of 125.7
k counts/s and the measured diffusion coefficient of 0.9 um2/s provide
evidence of larger particles or aggregates within the sample (Table 4a
& 4b). Additionally, the observed transmittance of 83.2% suggests that
a significant amount of light can pass through the sample. The observed
variability in the size of nanoparticles may have significant implications
for their properties and potential applications. This underscores the
importance of developing optimized synthesis or processing conditions
to ensure a more homogeneous distribution (Figure 7).

Table 4a: Particle size distribution peaks (intensity) of

synthesized silver nanoparticles of Sansevieria cylindrica

Peak name  Size [nm] Area [%] Standard deviation [nm]

Peak 1 127.37 86.75 38.91
Peak 2 1598.8 13.25 411.9
Peak 3 - - -
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Table 4b: Particle size distribution Parameters of Synthesized

silver nanoparticles of Sansevieria cylindrica

Parameter Value
Hydrodynamic diameter 532.6 nm

Mean intensity 125.7 k counts/s
Polydispersity index 21.60%

Absolute intensity 2934.4 k counts/s
Diffusion coefficient 0.9 um?/s
Intercept g12 0.7216
Transmittance 83.20%

Baseline 1.073

AgNO3 Concentration Extract Concentration
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Figure 3: UV spectrophotometric method for optimized silver
nanoparticles at lambda max 425nm at different process
parameters
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Figure 4: FT-IR spectral data 4a) Hydroalcoholic extract of
Sansevieria cylindrica
4b) Synthesized silver nanopartilces of Sansevieria cylindrica
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Figure 5: SEM analysis of synthesized silver nanoparticles of Sansevieria cylindrica at
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different magnifications x10000, x20000, x33000, x40000

Zeta Potential Distribution

100000

80000

60000

Total Counts

40000

20000

200 100 0 100 200

Apparent Zeta Potential (mV)

Figure 6: Zeta potential of synthesized AgNPs of
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Figure 7: Particle size analysis of synthesized silver
nanoparticles of hydroalcoholic extract of Sansevieria
cylindrica

In the MTT cytotoxicity assay, it was observed that the efficacy of both
the S. cylindrica extract and AgNPs derived from it varied among
different cell lines. In the case of breast cancer (MCF-7), the ICso values
were determined to be 4.81+1.05 pg/mL for S. cylindrica and slightly
lower at 4.67+1.22 pug/mL for AgNPs. These results suggest that both
S. cylindrica and AgNPs exhibit comparable potencies against breast
cancer cells. An appreciable disparity was noted in the response of
cervical cancer (HeLa) cells to the extract and AgNPs. The extract
demonstrated a notably higher 1Cso value of 21.23+1.67 pg/mL, in
contrast to the lower ICso value of 5.46+1.34 pg/mL observed for
AgNPs. The observed trend of enhanced efficacy with silver
nanoparticles (AgNPs) persisted in the context of ovarian cancer
(SKOV3) cells, with measured values of 15.27+1.36 pg/mL for the
extract and 6.38+1.67 pg/mL for AgNPs. Nevertheless, it is worth
noting that when tested on non-cancerous HUVEC, both the extract and
AgNPs exhibited higher 1Cso values. Specifically, the extract displayed
an ICso value of 283.20+1.05 pg/mL, while AgNPs showed an ICso
value of 57.95+1.33 pg/mL(Table 5 and Figure 8). These findings
suggest that both the extract and AgNPs have lower toxicity towards
normal cells. The findings of this study highlight the considerable
potential of silver nanoparticles (AgNPs) as a promising therapeutic
agent that surpasses the efficacy of the parent extract, particularly in
combating cancer cells. Importantly, this enhanced therapeutic effect
was achieved while concurrently minimizing toxicity to non-cancerous
cells

Table 5: Comparision between ICs; values of S. cylindrica
extract and synthesized silver nanoparticles from extract of S.
cylindrica and Doxorubicin in MTT assay against MCF7,
Hela, SKOV3, HUVEC cell lines

Cell lines S.cylindrica  AgNPs Doxorubicin
Breast (MCF7) 4.81+1.05 4.67+1.22  0.0569+0.98
Cervical (HeLa) 21.23+1.67  5.46+1.34  0.1546+0.78

Ovarian (SKOV3) 15.27+1.36  6.38+1.67  0.142+0.25
Human  Umbilical

Vein

Endothelial ~ Cells

(HUVEC)

283.20+1.05 57.95+1.33 2.772+0.1.03
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Figure 8: MTT assay results of Sansevieria cylindrica extract, synthesized silver nanoparticles from Sansevieria cylindrica and
Doxorubicin against MCF7, HeLa,SKOV3,HUVEC cell lines

Conclusion

The study on S. cylindrica leaf extract has indicated diversified
phytochemicals which contribute to the green synthesis of AgNPs.
Quantitatively, the total phenolic and flavonoid contents were
substantial and may have influenced the antioxidant activities of the
extract in the DPPH and nitric oxide radical scavenging assays. For
AgNP green synthesis, optimal conditions were identified, leading to
the successful formation of nanoparticles, as confirmed by the SPR
band and supported by FTIR spectra showing shifts in specific
functional groups due to redox interactions. SEM analysis unveiled a
diverse morphology of AgNPs with a polydispersity index which
suggests a broad size distribution with particles in the normal range.
The zeta potential test implied moderate colloidal stability and particle
size analysis highlighted the heterogeneity in nanoparticle dimensions.
The AgNPs showed enhanced cytotoxic effectiveness over the extract
against all the cancer cell lines with the most significant variance
against HeLa cells. Both the extract and AgNPs demonstrated lower
toxicity towards non-cancerous HUVEC cells. The study on S.
cylindrica and its derived silver nanoparticles (AgNPs) demonstrates
their potential in cancer therapy. The extract facilitates the eco-friendly
synthesis of AgNPs, which exhibit higher cytotoxicity against various
cancer cell lines while maintaining lower toxicity towards non-
cancerous cells compared to the extract alone. SEM and zeta potential
analyses confirm the nanoparticles' size consistency and stability,
supporting their clinical application potential. Overall, this research
underscores the therapeutic promise of plant-mediated AgNPs,
advocating for further studies to optimize their synthesis and explore
their mechanisms of action in cancer treatment.
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