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ABSTRACT

Objectives: This study aims to develop and evaluate quercetin-loaded silver nanoparticles (Q-AgNPs) as a potential therapeutic agent against cervical
cancer, assessing their cytotoxic effects on HeLa cell lines.

Methods: Quercetin was synthesized into AgNPs using a bioreduction method involving silver nitrate, with subsequent characterization performed
using ultraviolet (UV)-Visible spectroscopy, Fourier Transform Infrared spectroscopy, X-ray diffraction, and scanning electron microscopy. The
cytotoxicity of Q-AgNPs was evaluated in vitro on HeLa cervical cancer cells using the MTT assay to determine cell viability and calculate the IC, value.

Results: The characterization of Q-AgNPs revealed successful synthesis, with distinctive peaks observed in UV-Visible spectroscopy confirming the
interaction between quercetin and silver. The particle size analysis indicated a range of sizes, with an entrapment efficiency of 85.4%. The cytotoxicity
assessment demonstrated a dose-dependent decrease in HeLa cell viability, with an IC, value calculated at 11.765 ug/mlL, indicating significant
cytotoxic effects.

Conclusion: The findings highlight the promising potential of Q-AgNPs as an innovative approach for cervical cancer therapy. Further optimization
and in vivo studies are warranted to explore the mechanisms of action and enhance the therapeutic efficacy of this nanoparticle formulation.

Keywords: Quercetin, Silver nanoparticle, Anticancer, Hela, cell line, Scanning electron microscopy-energy dispersive X-ray.
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INTRODUCTION

Carcinoma of uterine cervix (CC) is having a devastating effect on
women’s health around the world, especially in developing countries
withan estimatedrate of 527,624 new casesand 265,672 deaths peryear.
It ranks as the second most common cancer worldwide in occurrence
and the leading cause of death among women in developing countries.
In 99.5% of CC, high-risk human papilloma virus types 16, 18, 31, and
33 infections had a major role in tumor development [1,2]. Cervical
cancer is often initially treated with surgery to remove the cancer [3,4].
Additional treatments may involve medications designed to destroy
cancer cells [5,6]. Quercetin (Qu) is an essential phytoconstituent that
acts as a building block for many other flavonoids [7,8]. This unique
flavonoid is present in a wide range of vegetables and fruits, including
onions, berries, apples, tea, and brassicas, as well as in various seeds,
flowers, nuts, barks, leaves, and medicinal plants such as Ginkgo
biloba, Piper cubeba, Solanum trilobatum, and Withania somnifera [9].
Quercetin, a type of flavonoid, is a compound that you can find naturally
in many foods, particularly in fruits and vegetables. It is especially
plentiful in onions, buckwheat, and broccoli [10]. Due to its health
benefits, quercetin is often added to functional foods and sold as a
dietary supplement [11]. There is ongoing research into its potential
role in preventing or treating various diseases, including some forms of
cancer. Research on nanomaterials (NMs) began in the late 20™ century,
with silver nanoparticles (AgNPs) emerging as a key innovation [12,13].
These nanoparticles are utilized in numerous fields, including
healthcare, food safety, agriculture, environmental applications,
biomedical technologies, and catalysis [14]. These nanoparticles exhibit
superior stability, water solubility, non-toxicity, and biocompatibility

compared to organic materials [15]. In this context, the most practical
and effective nanoparticles were identified to be within the 1-100 nm
range, all of which were produced using chemical methods. Many
nanoparticles, such as ZnO, FeO, Sio,, CeO,, and TiO,, are commonly
utilized for their favorable photocatalytic properties [16]. In addition,
elemental metals such as Ag, Au, Fe, Cu, Pt, Pd, Ni, and Co, when
in nanometric sizes, are extensively used for various applications,
including antimicrobial effects, optical properties, catalysis, antioxidant
activities, and anticancer treatments [16]. AgNPs are highly effective
in antibacterial applications because of their strong, broad-spectrum
activity, and minimal development of resistance [17,18]. Their
effectiveness is further increased when used in combination with
antibiotics. Green synthesis methods, which utilize natural sources
and environmentally friendly processes, provide a convenient way
to produce AgNPs [19,20]. These approaches not only reduce energy
consumption and lower costs but also yield biocompatible NMs with
controlled properties [13,21,22]. This makes AgNPs a sustainable
and effective option for antibacterial applications in fields such as
biomedicine and environmental remediation, while aligning with
eco-friendly and cost-efficient practices [23]. AgNPs can be produced
through various methods, including chemical, physical, and biological
approaches. One notable advantage of physical techniques is their
ability to achieve a more uniform size distribution compared to chemical
methods. However, a key drawback of physical methods is their high
energy consumption [24]. This research presents a novel method
for producing Qu-loaded AgNP (Q-AgNPs) that incorporate unique
elements. It investigates the effects of Qu derivatives on the stability
and anticancer properties of the nanoparticles while also developing


https://orcid.org/0009-0008-9764-9151
https://orcid.org/0000-0003-2286-3360
https://orcid.org/0009-0005-5594-3078
https://orcid.org/0000-0001-5081-203X
https://orcid.org/0000-0002-2182-184X
https://orcid.org/0009-0003-8698-1232
https://orcid.org/0009-0004-4824-8328

Kamble, et al.

Asian ] Pharm Clin Res, Vol 18, Issue 4, 2025, 223-229

15 4

1.25 4

Absorbance
=3
~
wv

05 - /

0.25 A

0 T T E—

210 260 310 360 410 460

A [nm]
A ]

Abs = 0,022 x [ Quercetin] + 0,006
R?=0,999

20 40 60 80

Concentration of Quercetin (ug/mL)

Fig. 1: (a) Lamda max, (b) Calibration curve of quercetin API

Fig. 2: Prepared silver nano evidenced by the appearance of
brown color

a biocompatible coating. In addition, the study offers insights at the
molecular level and examines safety concerns through cell line studies,
particularly focusing on lower IC,  values. These features set it apart
from previous research in the field.

MATERIALS AND METHODS

Material

The Qu (98% pure) was purchased from Yarrow Chem Products,
Mumbai, Maharashtra, India. Silver nitrate was purchased from Thermo
Fisher Scientific Private Limited., Mumbai, India, Other chemicals,
including trisodium citrate, were procured from Nice Chemicals Private
Limited, Mumbai, India. Methanol was obtained from Loba Chemie
Private Limited, Mumbai, India, HeLa cell line procured from NCCS
Pune, Maharashtra, India and other solvents and chemicals employed
were of analytical grade.

Organoleptic characteristics

Visual observations were conducted to assess various organoleptic
properties, including general appearance, color, texture, and odor, to identify
the medication [25]. For color analysis, a small drug sample was placed on
butter paper and examined under good lighting conditions. To evaluate the
odor, a small quantity of the drug was sniffed to capture its fragrance.

Detection of melting point

The melting point was measured using the USP method. A small sample
of the medication was placed in a sealed capillary tube, which was
then inserted into the melting point apparatus. The temperature of
the device was gradually increased, and observations were made to
determine the temperature at which the medication started to melt, as
well as the temperature at which it completely melted [26].

Dual scanning calorimetry (DSC)

The DSC TA 60 Shimadzu thermal analyzer was used for the DSC tests.
High-purity indium metal was employed for instrument calibration.
The scans were conducted in a nitrogen atmosphere, with a heating rate
setat 10°C/min [26].

Spectroscopy used for ultraviolet (UV)-visible analysis
Identifying the wavelengths of Qu

We use a UV-Vis spectrophotometer with a 1 cm quartz cuvette to
identify the Qu wavelengths. Qu is dissolved in a suitable solvent such
as water or ethanol at a standard concentration under experimental
conditions. The wavelength range measured is between 200 and
800 nm, with baseline correction applied, and readings taken at room
temperature. UV-Vis spectrophotometers typically scan at a standard
speed of 200 nm/min [27].

Establishing the ethanol standard curve

10 mg of quercetin (dihydrate) was dissolved in 10 mL of methanol
to prepare a 100 pug/mL stock solution. The solution was filtered, and
the spectrum was recorded from 400 to 200 nm using methanol as the
blank. From the stock solution, different working standard solutions
were prepared by pipetting out 0.5 mL, 1 mL, 1.5 mL, 2 mL, and 2.5 mL
into separate 10 mL volumetric flasks, and the volume was made up
with methanol. The Amax was determined by scanning the samples in
the range of 400-200 nm, and the absorbance values of the working
standard solutions were noted at 372 nm [27].

AgNP synthesis-selection of appropriate metal for complex

The selection of an appropriate metal for quercetin metal nanoparticles
was based on several factors. Quercetin was known to interact with
metal ions to form metal-quercetin complexes, which could be
utilized for the synthesis of metal nanoparticles [28]. The selection of
the appropriate metal was guided by the ability of the metal to form
stable complexes with quercetin, the potential for enhanced biological
activities, and the ease of nanoparticle synthesis. Common metals that
had been explored for the synthesis of quercetin metal nanoparticles
included silver (Ag) and gold (Au). These metals had shown the ability
to form stable complexes with quercetin and exhibited promising
biological properties [29].

Synthesis of Qu-AgNP

A stock solution of quercetin was prepared at a concentration of
2 mM (60 mgin 100 mL) usinga 1 mM (0.004 mg in 100 mL) sodium
hydroxide solution. The quercetin stock solution was stored at room
temperature. Next, 1 mM of 10 mL silver nitrate was prepared, to
which 0.1 mL of quercetin solution was added in a drop-wise manner
under constant stirring at room temperature. This facilitated the
bioreduction of silver ions (Ag+) to neutral ions (Ag0) in the solution,
which was evidenced by the appearance of brown color [30]. The
resultant colloidal AgNPs were filtered through a 0.22-micron Nylon
syringe filter, centrifuged the filtered solution using cooling centrifuge
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Fig. 3: Physical appearance of silver nitrate, quercetin in NaoH, Qu-silver nanoparticle, sediment nanoparticle as a,b,c,d respectively
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Fig. 4: Ultraviolet-visible spectrum of AgNO,, quercetin,
quercetin-loaded silver nanoparticles

at 15,000 rpm for 20 min., separated the sediment in Chine dish, and
Dried at 65°C for 16 h.

Nanoparticles evaluation

Effective drug trapping

The composition of the nanoparticle suspension was assessed through
a series of measurements. Initially, 5 mL of this formulation was diluted
with distilled water to reach a total volume of 8 mL. The separation of
components was achieved using a high-speed centrifuge (Remi Private
Limited, Maharashtra, India). The centrifugation process was carried
out for 45 min at an impressive speed of 30,000 rpm, with the cooling
system active to maintain optimal conditions. After centrifugation, the
resulting mixture underwent phase separation, yielding a supernatant
and sediment. The volumes of both fractions were carefully calculated.
Subsequently, the sediment was lysed utilizing n-propanol and then
passed through a 0.4 um nylon disk filter to further purify the sample.
The final step involved the quantification of Qu content in both the
supernatant and sediment. This was accomplished by employing a UV
spectrophotometer, with measurements taken at a specific wavelength
of 420 nm, allowing for the precise determination of Qu concentrations
in each fraction [31].

Amount of drugrecovered
Total Amount of Drug

Percentage entrapment efficiency = x100

Shape and surface morphology of nanoparticles

We analyzed the size and shape of the produced AgNPs using a scanning
electron microscope (Carl Zeiss EVO 18) with an acceleration voltage of
20 kV. The nanoparticle solution was diluted 5 times using deionized

Table 1: Solubility of drug

S. No. Solvent Inference

1 Methanol Very Soluble

2 DMSO Soluble

3 IPA Slightly Soluble
4 Distilled Water Not Soluble

Table 2: Interpretation of Fourier transform infrared

Function groups Quercetin Q-AgNPs
O-H stretch 3330.17 3300.20
C-H stretch 2922.16 2976.16
C=C stretch 1618.28 1618.28
C=0 stretch 1363.67 1363.67
C-0 stretch 1093.64 -

C-N stretch 1101.35 1170.79

water. A small amount of dispersed AgNPs was then placed on an
aluminum stub and air-dried at 60°C for 5 min. Afterward, the sample
was scanned, and images were taken using a photomicrograph [32].

Particle size analysis

The size of the nanoparticles was measured using the dynamic light
scattering (DLS) method with the Malvern Zetasizer Nano-ZS and DTS
nano software (version 6.34). To prepare for the measurements, the
nanoparticle solution was diluted with distilled water, and Zetasizer
cuvettes were used. Measurements were taken at 25°C, with each
sample being equilibrated for at least 3 min before the readings. DLS
measurements were performed during cycles of alternating increasing
and decreasing temperatures. The Z-average value obtained from DLS
represents the average hydrodynamic diameter of the nanoparticles.
Data were collected to gain a clearer understanding of the vesicle size
and size distribution [33].

Measuring zeta potential

Zeta potential, measured using a Zetasizer-1000HS (Malvern
Instruments, Malvern, UK), reflects the overall surface charge of
nanoparticles. In this study, a suspension was created by diluting
50 mL of double-distilled water with 5 mL of an electrolyte solution
of NaCl at a concentration of 2 x 1072 M. The pH of this suspension was
then adjusted to the target level. After allowing the samples to sit for
30 min, they were agitated, and the equilibrium pH was measured
to determine the zeta potential of the metallic particles. The zeta
potential values were used to calculate the surface potential of AgNPs.
For each condition assessed, the average of three measurements was
recorded. The stability of the nanoparticles was evaluated based on
zeta potential values, with stability indicated by values above +30 mV
or below -30 mV [34].
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Fig. 5: Fourier transform infrared spectroscopy of quercetin-loaded silver nanoparticles and pure quercetin API
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Fig. 6: X-ray diffraction of quercetin-loaded silver nanoparticles

Diffraction of X-rays

The scattering of X-rays by the atoms in a crystal generates interference
patterns that provide insights into the crystal’s structure or
characteristics illustrated in Fig. 6. To prepare for analysis, a glass slide
was coated with 1 mL of AgNP solution and then dried in an oven at
40°C. This coating process was repeated three to four times to create a
thin film. X-ray diffraction (XRD) was performed using Cu K radiation
(wavelengths of 1.54056 A and 1.54439 A) on a Philips Xpert Pro
Diffractometer operating at 40 kV and 30 mA. Diffracted intensities
were measured over the angle range from 35.01° to 79.99° [35].

Scanning  electron  microscopy  (SEM)-energy-dispersive  X-ray
spectroscopy (EDS) analysis

SEM and SEM-energy-dispersive X-ray (EDX) were used to analyze the
morphology, size, and elemental composition of nanoparticles. These
techniques provide valuable insights into the nanoparticles’ physical
characteristics and elemental composition [36].

Cell line studies

Hela cell lines were Procure from the National Centre for Cell Sciences
(NCCS), Pune, India, and cultured in Dulbecco’s modified Eagle’s
medium (DMEM) supplemented with 10% fetal bovine serum (FBS).
In vitro cell line, studies were carried out at CURO Biosciences Private
Limited, Nagpur, Maharashtra, India.

In-vitro cell line studies

Hela cell lines were obtained from the NCCS in Pune, India, and were
cultured in DMEM supplemented with 10% FBS. The cells were washed
with x1 PBS and treated with trypsin, a proteolytic enzyme, for 30 s
to facilitate detachment. After shaking the flask gently for 2 min to
ensure complete detachment, FBS was added to neutralize the trypsin

activity, and the cells were resuspended in 10 mL of complete media.
The suspension was prepared to achieve the required cell density for
in vivo studies, with aliquots used as per the experimental setup. Silver
quercetin nanoparticles were diluted in DMEM to create a 5 mg/mL
stock solution, which was further diluted (1 mL in 10 ml DMEM) to the
desired concentration for the study. The in vivo cell line experiments
were conducted at CURO Biosciences Private Limited, Nagpur, India,
following ethical and procedural standards.

Statistical analysis

The study on Q-AgNPs for cervical cancer therapy revealed several key
statistical findings. The cytotoxicity of the nanoparticles was characterized
by an IC,; value of 11.765 ug/mlL, indicating the concentration at which
50% of HeLa cancer cells are killed. Additionally, the entrapment efficiency
of quercetin within the nanoparticles was notable at 85.4%, reflecting
effective drug loading. Particle size analysis showed that Batch A had an
average particle size of 122.71 nm, while Batch B measured 225.5 nm, with
smaller particles generally offering better cellular uptake. Furthermore, zeta
potential measurements indicated that Batch A achieved a zeta potential of
-31.4 mV, suggesting superior stability compared to Batch B’s -24.9 mV.
Together, these statistical results highlight the efficacy and potential of
Q-AgNPs as promising therapeutic agents against cervical cancer.

RESULTS AND DISCUSSION

Solubility of quercetin

The solubility study of quercetin API was carried out using various
solvents like methanol, IPA, DMSO, Distilled water and the results are
mentioned in Table 1.

Determination of .. and calibration curve of quercetin APl

In the UV-visible range of 240-500 nm, quercetin has two main absorption
bands: band A (240-280 nm) and band B (340-440 nm) shown in Fig. 1.

Selection of appropriate metal for complex

AgNPs have shown significant cytotoxic effects against a range of cancer
cell lines, including breast, lung, and prostate cancers. This is largely due
to silver’s biocompatibility and its capacity to form stable complexes,
which enhance its effectiveness [35]. Moreover, combining silver with
quercetin has demonstrated synergistic anticancer effects, amplifying its
therapeutic potential [37]. The primary mechanisms driving these effects
include inducing oxidative stress and triggering apoptosis, or programmed
cell death, in cancer cells. These findings make silver-based compounds a
promising avenue for developing innovative cancer treatments [38].

Formulation of metal-quercetin nano complex (MQNC) (Using
silver)

A 2 mM quercetin solution was mixed with 1 mM AgNOs, reducing Ag*
to Ag® (brown color). The AgNPs were filtered, centrifuged (15,000
rpm, 20 min), and dried at 65°C for 16 h.
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Fig. 8: Images of (a) Scanning electron microscopy (SEM) of quercetin-loaded silver nanoparticles (Q-AgNPs) and (b) SEM-energy-
dispersive X-ray spectroscopy of Q-AgNPs

Fig. 9: Images of HeLa cells as visualized under inverted
fluorescent microscope

Physical appearance
Its given in Figs. 2 and 3 Physical appearance of silver nitrate, quercetin in
NaoH, Qu-silver nanoparticle, sediment nanoparticle as a,b,c,d respectively.

UV-Visible Spectrocopy

The UV-Visible spectrum showed distinct absorption peaks for the
compounds analyzed shown in Fig. 4. Silver nitrate (AgNO,) had a peak
at 300 nm, while quercetin (Qu) displayed a peak at 371 nm. When

Before Treatment

After Treatment

Fig. 10: Quercetin-loaded silver nanoparticles treated cell lines

quercetin was combined with silver to form nanoparticles (Qu-AgNPs),
the absorption peak shifted to 424.50 nm. This red shift indicates the
successful formation of quercetin-AgNPs and reflects the interaction
between silver and quercetin, altering their optical properties.

Fourier transform infrared spectroscopy (FTIR)

The FTIR analysis of quercetin revealed characteristic peaks
corresponding to specific functional groups is shown in Fig. 5. These
included an O-H stretch at 3330.17 cm™, a C-H stretch at 2922.16
cm™%, a C=C stretch at 1618.28 cm™, a C=0 stretch at 1363.67 cm™,
another C=0 stretch at 1093.64 cm™, and a C-N stretch at 1101.35
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Live Cell Stained with FDA

Dead Cell Stained PI

Fig. 11: Q-Ag-NC treated cell lines, (a) live cell stained with
fluorescein diacetate and (b) Dead cell stained with propidium
iodide

cm™. For the AgNPs synthesized with quercetin, the FTIR spectrum
showed an O-H stretch at 3300.20 cm™, a C-C stretch at 2130.48 cm™,
and a C=C stretch at 1618.28 cm™. In addition, a broad band in the
range of 500-600 cm™ was observed, which can be attributed to Ag-0
vibrations, confirming the interaction between silver and quercetin in
the formation of nanoparticles mentioned in Table 2.

XRD

The XRD analysis of quercetin-AgNPs (Q-AgNPs) revealed a crystalline
structure. The main diffraction peaks for the AgNPs were observed at
38°, 44°, 64°, and 77° (26 values), corresponding to the (111), (200),
(220), and (311) crystal planes, respectively. These peaks confirm
the crystalline nature of the AgNPs and provide evidence of their
characteristic structural arrangement.

Particle size analysis

The mean particle size diameter and polydispersity indices were
measured immediately after synthesis using photon correlation
spectroscopy. The particle size for Batch 1 Nano Suspension was found
to be 122.71 nm, while the solid sample had a particle size of 152.5 nm.
For Batch 2, the solid sample had a particle size of 225.5 nm mentioned
in Fig. 7. These measurements provide important insights into the size
distribution and uniformity of the nanoparticles, which play a crucial
role in their potential applications. Nanoparticles with a smaller size,
such as the 122.71 nm particles, possess a higher surface area-to-volume
ratio compared to larger nanoparticles like those measuring 225 nm.
This characteristic enhances the rate of cellular uptake for smaller
nanoparticles, which may also increase their potential for toxicity due
to their heightened reactivity and ability to penetrate biological barriers.

Zeta potential measurements

The zeta potential value for Batch B was measured at —-24.9 mV. When
comparing the zeta potential values of =24 mV and -31 mV for the
nanoparticles, the more negative value of -31 mV is generally considered
better for nanoparticle stability. Nanoparticles with a zeta potential of
-31 mV experience a higher degree of electrostatic repulsion, which
promotes better colloidal stability and reduces aggregation. Based on
this, Batch A, with its more negative zeta potential, is preferred for
further studies. The zeta potential values for the nano suspension and
solid nanoparticles ranged from -26.7 mV to -31.4 mV, indicating good
stabilization and likely contributing to the narrow size distribution.
Furthermore, the consistent zeta potential and size distribution of the
quercetin-treated AgNPs suggest they have a low tendency to aggregate,
ensuring their stability and uniformity in solution.

Entrapment efficiency

The nanoparticle suspension was prepared by adding a 10 mg sample
to 10 mL of distilled water, followed by centrifugation at 12,000 rpm
for 45 min. After centrifugation, the supernatant and sediment were
carefully separated. The sediment was treated with n-propanol,
filtered, and the quercetin (Qu) content was quantified using a UV-

Asian ] Pharm Clin Res, Vol 18, Issue 4, 2025, 223-229

Visible spectrophotometer at 371 nm. This meticulous process allowed
for an accurate determination of the quercetin concentration in the
nanoparticle suspension, which was found to be 85.4%.

SEM-EDS analysis

The results from scanning electron microscopy (SEM) indicate that
the average particle size of the synthesized nanoparticles is 52.73 nm,
suggesting that they are uniform and spherical in shape, as illustrated in
Fig. 8a. The purity and elemental composition of the nanoparticles were
assessed using scanning electron microscopy with energy-dispersive
X-ray spectroscopy (SEM-EDS). A prominent and narrow peak at 3
keV in the X-ray microanalysis confirmed the presence of silver as
the primary component. Additionally, smaller peaks corresponding to
elements such as O, N, C, Si, Na, and Cl are observed, as shown in Fig. 8b.
The presence of silicon and chlorine in small amounts may indicate
potential contamination from the environment during the synthesis,
transport of the nanoparticles, or analysis of their characteristics.

Cellular uptake of Q-AgNPs

The cellular uptake, internalization, and sustained retention of
nanoparticles were the important markers in therapeutic effect
judgment. In this research, fluorescein diacetate and propidium iodide
were used to visualize the Q-Ag-NC internalization and distribution into
the HeLa cell lines, as illustrated in Fig. 9.

In-vitro cytotoxicity by MTT assay

Quercetin-loaded silver nanoparticles treated cell lines are depicted
in Fig. 10. The in-vitro cytotoxicity analysis using the MTT assay
demonstrated a dose-dependent decrease in the survival of HeLa
cervical cancer cells upon exposure to Q-AgNPs. At a concentration of
25 ug/mlL, the percent cell survival was 34.8%, indicating a substantial
cytotoxic effect. Using the formula:

Ic. - (50% - %cell survival at 25 ug / ml)
% (%cell survivalat 25 ug / ml)

x25ug [/ ml (1

The IC,, value was calculated to be 11.765 ug/mL. This indicates that
the concentration required to reduce cell survival to 50% is significantly
low, highlighting the potent cytotoxic effect of Q-AgNPs on HeLa cells.
These findings suggest that Q-AgNPs could be a promising candidate
for further investigation as a therapeutic agent against cervical cancer.
For the treated cell lines, (a) live cells were stained with fluorescein
diacetate, while (b) dead cells were stained with propidium iodide,
illustrated in Fig. 11.

DISCUSSION

This study details a simple one-pot synthesis of silver quercetin
nanoparticles, thoroughly characterized using UV-Vis spectroscopy,
FTIR,XRD, and SEM-EDX, which confirmed their composition, crystalline
structure, and size. The nanoparticles showed a zeta potential of
-26.7 mV in suspension and -31.4 mV in solid form, with particle sizes
of 122.71 nm and 152.4 nm, respectively, and an 85.4% entrapment
efficiency. In vitro testing against HeLa cervical cancer cells revealed
a significant cytotoxic effect, with an IC,  value of 11.765 ug/ml,
suggesting their potential as a cervical cancer therapeutic agent.

CONCLUSION

The detailed characterization of Q-AgNPs, which included UV-
Visible spectroscopy, FTIR, XRD, zeta potential, particle size analysis,
entrapment efficiency, and SEM-EDX, provided valuable insights
into the nanoparticles’ physicochemical properties. The significant
cytotoxic effect demonstrated against HeLa cervical cancer cells, with
an IC,, value of 11.76 ug/ml, highlights the potential of Q-AgNPs as
a promising therapeutic option for treating cervical cancer. These
findings underscore the need for further research to uncover the
nanoparticles’” mechanisms of action, optimize their formulation, and
evaluate their in vivo efficacy and safety, paving the way for a novel
approach to combating this life-threatening disease.
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