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Abstract

Silver nanoparticles (AgNPs) are widely studied in oncological nanomedicine, although concerns
persist regarding their toxicity, elimination, and tissue accumulation. The biological properties of
AgNPs depend on the synthesis method and the reducing agent used, which can influence
cytotoxicity and cellular metabolism. This study aimed to evaluate the effect of the reducing agent
on the cytotoxicity of AgNPs in leukemia (JURKAT) cell lines and peripheral blood mononuclear cells
(PBMC). AgNPs were synthesized via chemical reduction using glucose (GLU) or
polyvinylpyrrolidone (PVP) as reducing agents. Nanoparticles were characterized by UV-Vis, FTIR,
DLS, zeta potential, and TEM. Cell viability was assessed through trypan blue exclusion, and
cytotoxicity was determined using the MTT assay. UV-Vis analysis showed distinct surface plasmon
resonance profiles, and FTIR confirmed characteristic functional groups on the nanoparticle surface.
DLS and zeta potential values indicated colloidal stability, with PVP-AgNPs presenting a more
negative surface charge. TEM revealed greater size heterogeneity in GLU-AgNPs. GLU-AgNPs
induced lower cytotoxicity and higher cell viability in JURKAT and PBMCs compared to PVP-AgNPs
(p <0.05). Leukemia cells were more susceptible to both nanoparticle types than PBMCs, showing a
favorable selectivity index for GLU-AgNPs (SI = 2.44). These findings suggest that biocompatible
reducing agents improve AgNP safety.

Keywords: nanoparticles; reducing agent; glucose; polyvinylpyrrolidone; cytotoxicity; leukemia

1. Introduction

Silver nanoparticles (AgNPs) have emerged as a highly relevant tool in modern nanomedicine
due to their unique properties, including high antimicrobial activity, cellular penetration, and
versatility in diagnostic and therapeutic applications [1,2]. Despite these benefits, concerns about

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202511.0823.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 November 2025 d0i:10.20944/preprints202511.0823.v1

2 of 13

their safety and potential toxic effects have prompted extensive research to understand how
physicochemical characteristics—such as size, shape, surface charge, and the reducing agent used
during synthesis—influence their biocompatibility [3,4].

The synthesis of AgNPs is commonly achieved through chemical reduction methods, with
diverse reducing agents, such as sodium borohydride (NaBH,) and sodium citrate (NasC¢HsOy7),
which are the most used in industrial and laboratory settings. Sodium borohydride enables the rapid
reduction of silver ions, resulting in small and well-defined nanoparticles. Sodium citrate serves as
both a reducing and stabilizing agent, a technique commonly employed in the classic Turkevich
method adapted for AgNPs synthesis [5,6]. These conventional methods are highly effective and
reproducible, but often involve toxic or environmentally harmful chemicals, raising concerns about
the biocompatibility and ecological impact of the resulting nanoparticles [7,8].

As an alternative, green synthesis approaches have emerged, utilizing natural, biocompatible
reducing and capping agents such as plant extracts, polysaccharides, and simple sugars, as glucose
(GLU). Glucose is particularly attractive due to its natural abundance, metabolic compatibility, and
low cytotoxicity, making GLU-capped AgNPs promising candidates for biomedical applications. In
contrast, polyvinylpyrrolidone (PVP)-capped AgNPs represent one of the most widely used
formulations in oncological nanomedicine research owing to their excellent colloidal stability and
well-established synthesis protocols [8,9]. Whereas, PVP is a synthetic, non-biodegradable polymer
that can persist in biological systems. It has been shown to alter protein corona formation, cellular
uptake, and inflammatory responses—factors that may compromise therapeutic efficacy or safety
[9,10]. Therefore, directly comparing GLU-AgNPs with PVP-AgNPs allows us to evaluate whether a
green, metabolizable capping agent can provide comparable or superior biocompatibility and
anticancer activity while avoiding the potential drawbacks of synthetic stabilizers.

In medicine, AgNPs have been widely explored for diverse applications, including antimicrobial
coatings, wound healing, imaging, and targeted drug delivery [11]. Notably, their potential as
anticancer agents has attracted significant research interest due to their ability to induce oxidative
stress, mitochondrial dysfunction, DNA damage, and apoptosis in cancer cells while sparing normal
cells under controlled conditions [5]. Several studies have demonstrated the efficacy of AgNPs
against various types of cancer, including leukemia cells [10]. Moreover, it has been demonstrated
that AgNPs synthesized with multiple reducing agents can induce cytotoxicity, promote the
production of reactive oxygen species (ROS), and induce apoptosis [10,12].

These findings suggest that AgNPs could serve as an adjuvant or alternative therapeutic agent
in leukemia treatment, particularly by enhancing the selectivity and efficacy of conventional
therapies while reducing systemic toxicity [10]. Ongoing research aims to optimize their targeting
capacity, biocompatibility, and delivery mechanisms to harness their full potential in oncology.

The selection of appropriate model cells is crucial for assessing nanoparticle toxicity in both
pathological and physiological contexts. JURKAT cell line, derived from human T lymphocytes, is
frequently used as a model for leukemia studies, while peripheral blood mononuclear cells (PBMCs)
represent primary immune cells crucial to immune responses [12]. Given their morphological
similarities and functional relevance, these cells provide a suitable system to evaluate whether the
choice of reducing agents influences differential cytotoxic responses between malignant and non-
malignant immune cells [12].

Previous studies have demonstrated that differences in nanoparticle surface chemistry can
strongly influence their cellular uptake and cytotoxicity profiles [13]. Understanding how synthesis
parameters, particularly the nature of the reducing agent, affect the physicochemical characteristics
and toxicity of nanoparticles is essential for developing safer and more effective nanostructures [11].
Therefore, this work provides a comparison of AgNPs synthesized with GLU and PVP to evaluate
the effects on leukemic and healthy cells. The results could offer insights to guide future studies and
the design of nanoparticles to enhance therapeutic efficacy while reducing potential risks.
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2. Materials and Methods

2.1. Materials

The reagents required for the synthesis of the nanoparticles were silver nitrate (HyCel, cat. no.
5138601N15), molecular grade glucose (Sigma-Aldrich, cat. no. 50-99-7), gelatin (LABESSA, cat. no.
GR2085), and polyvinylpyrrolidone (PVP) (Sigma-Aldrich).

2.2. Synthesis and Characterization of Silver Nanoparticles (AgNPs)

The AgNPs were synthesized using two different techniques, each employing a different
reducing agent, under the same chemical method. The aim was to compare the influence of the
synthesis route, particularly the type of reducing agent and the capping agent, on the
physicochemical properties and biological activity of the resulting nanoparticles. An experimental
schematic outlining the synthesis, characterization, and biological evaluation workflow is included
to illustrate the overall process (Figure 1). The methods employed are described below.

AgNPs synthesis

(G|UCOSE-AgNPS)<—<ReduCing agent)—»( PVP- AgNPs ) "_;

Iy

o Chem\cal Connnuousﬂow :- @
reduction graham

Characterization

Figure 1. Workflow of the synthesis, characterization, and biological evaluation of AgNPs obtained by two
methods: GLU-reduction and PVP-reduction.

2.2.1. GLU-AgNPs

The synthesis of AgNPs using GLU as a reducing agent (GLU-AgNDPs) was performed using a
previously reported chemical reduction method with slight variations [28]. Initially, 100 mL of
distilled water was heated to 85 °C, followed by the addition of 0.90 g of molecular-grade GLU and
0.36 g of gelatin as reducing agents. After achieving homogeneity, sodium hydroxide 0.1 M was
added dropwise to reach a pH of 10. Subsequently, 10 mL of 0.1 M silver nitrate solution was added,
and the mixture was stirred for 30 minutes at a stable temperature of 85 °C. After this time, the
solution was allowed to cool to room temperature and stored in an amber bottle [14].
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2.2.2. PVP-AgNPs

The synthesis of PVP-AgNPs was prepared by the reflux method. A solution of 10 mL of 0.1 M
silver nitrate in 100 ml of ethanol was prepared, and 1.00 g of PVP was added as a reducing and
stabilizing agent, maintaining a silver nitrate to PVP weight ratio of 1:10. To obtain the PVP solution,
ethanol and PVP were placed in a round-bottom flask and heated to 90 °C with slight stirring for 30
min. Afterwards, silver nitrate was added, and the mixture was stirred continuously for 7 h. The
formation of PVP-AgNPs was visually confirmed by a color change in the solution, which turned
amber due to the presence of AgNPs [8].

2.2.3. Physicochemical and Morphological Characterization of AgNPs

The reduction of silver nitrate and the formation of AgNPs were monitored using a UV-Vis
spectrophotometer (JASCO V-770 UV-VIS/NIR) from 200 to 800 nm. The spectra were recorded to
identify the characteristic localized surface plasmon resonance peak of AgNPs. The synthesis
conditions were optimized by preparing AgNPs at different concentrations of the reducing agent
[15].

The functional groups presented in GLU-AgNPs and PVP-AgNPs were identified using Fourier-
transform infrared (FTIR) spectroscopy. FTIR spectra were recorded to analyze the chemical
interactions and stabilizing agents involved in the synthesis process, with samples analyzed in
suspension at room temperature [20]. The FTIR spectra were collected at a resolution of 4 cm™ in
transmission mode (4000400 cm™) using a Bruker Alpha II spectrophotometer (Bruker Optics GmbH
& Co. KG). The spectra were plotted using Origin Pro 2019 software.

The size and morphology of AgNPs were characterized by TEM (JEOL, JEM2011) at an
accelerating voltage of 120 kV. A 5 uL suspension of AgNPs was spotted onto carbon-coated copper
grids, followed by drying in a silica-based desiccator for 16 h. TEM images were acquired to confirm
the shape, size, and distribution of AgNPs synthesized with GLU and PVP. Size distribution
histograms were generated from TEM images using Image] software [16].

Furthermore, dynamic light scattering (DLS) measurements were performed to assess the
hydrodynamic diameter and polydispersity index (PDI) of AgNPs. The PDI is a dimensionless
parameter that reflects the breadth of the particle size distribution, where values <0.1 indicate a highly
monodisperse sample, 0.1-0.25 a moderately monodisperse system, and >0.3 a polydisperse
population. These measurements, along with zeta potential and conductivity (determined using the
same nanoparticle analyzer, Litesizer 500, at 173° and 25 °C), provided insights into the colloidal
stability and physicochemical surface characteristics of the nanoparticles in suspension [15,17].

2.3. Cell Culture and Treatment Conditions

The JURKAT cell line was obtained from the American Type Culture Collection (ATCC;
Manassas, VA, USA). JURKAT is an immortalized human T lymphocyte cell line derived from the
peripheral blood of a 14-year-old male patient with acute T-cell lymphoblastic leukemia. PBMCs were
isolated from peripheral whole blood obtained from a healthy 19-year-old donor by density gradient
centrifugation using Lymphoprep™ (Serumwerk Bernburg AG, Germany), following the
manufacturer’s instructions. Blood was carefully layered over Lymphoprep™ at a 3:1 ratio
(blood:Lymphoprep) and centrifuged at 1800 rpm for 30 min at room temperature without brake.
The PBMC layer at the interface was collected and washed three times with PBS (300 x g, 5 min). Cell
viability was assessed by trypan blue exclusion (>95%). JURKAT cells were maintained by passaging
every 2-3 days [18].

The study was conducted in accordance with the principles of the Helsinki Declaration and was
approved by the Biosafety and Ethics Committees of the Centro Universitario de Ciencias de la Salud,
Universidad de Guadalajara (protocol CI-06422).

Cell cultures were maintained in RPMI-1640 (Thermo Fisher) supplemented with 10% fetal
bovine serum (FBS) (Thermo Fisher) and 1% penicillin-streptomycin (Thermo Fisher) at 37 °C with
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5% CO; and 95% humidity. Cells were seeded at a density of 1 x 10* cells/mL in 96-well plates and
exposed to AgNPs at 6, 3, 1.5, 0.75, and 0.37 pug/mL for 24 h. Untreated cells and cells treated with
etoposide served as negative and positive controls, respectively. All experiments were conducted in
triplicate

2.7. Cell Viability Assay, IC50, and Selectivity Index

Cell viability in JURKAT cells was assessed using the trypan blue exclusion assay. Cells were
treated with GLU-AgNPs and PVP-AgNPs at concentrations of 0.37, 1.5, 3, and 6 pug/mL and
incubated for 24 h. After treatment, cells were stained with 0.4% trypan blue dye, and the percentage
of viable cells was determined by counting the total number of cells and excluding those stained
under an optical microscope using a Neubauer chamber [19]. The same treatment and analysis were
performed in PBMCs for comparative cytotoxicity assessment. The ICs, values were determined from
cell viability assays performed in triplicate. Dose-response curves were generated using four
concentrations of AgNPs (0.37, 1.5, 3, and 6 pug/mL) after 24 h of incubation. Concentration values
were log-transformed for curve fitting, and the resulting ICso values are reported in pg/mL. The
selectivity index (SI) was calculated as the ratio between the ICs, value obtained in normal PBMCs
and the ICs; value obtained in leukemic cells (SI = ICsq®®BMC) / ICsoLeukemia)). An SI value > 1 was
considered indicative of selective cytotoxicity toward cancer cells.

2.8. Cytotoxicity Assay

The cytotoxicity of each AgNPs was evaluated using the MTT assay. AgNPs were added to the
wells at concentrations of 0.75, 1.5, 3, and 6 pg/mL, and the cells were incubated for 24 hours. A MTT
solution was prepared by dissolving 5 mg of MTT in 1 mL of phosphate-buffered saline (PBS), and
10 pL of this solution was added to each well. The plate was incubated for 4 h to allow the formation
of formazan crystals. Subsequently, 100 pL of extraction buffer using sodium dodecyl sulfate (28312
Thermo Fisher Scientific™ Waltham, MA; USA) and dimethylformamide (227056 Sigma Aldrich™,
St. Louis, MO, USA) was added to dissolve the formazan crystals, and the plate was further incubated
for 18 hours. Finally, absorbance was measured in a spectrophotometer at 570 nm (BioTek® 800™).
Given that residual glucose in GLU-AgNPs samples can interfere with the absorbance reading, a
background correction was performed at 490 nm for those samples.

2.9. Statistical Analysis

Dose-response curves were generated, and the half-maximal inhibitory concentration (ICso)
values were determined by nonlinear regression analysis using a four-parameter logistic (4PL) model
(log[inhibitor] vs. response — variable slope) in GraphPad Prism software, with concentrations
analyzed on a logarithmic scale to account for the wide range of tested values. Data normality was
assessed using the Shapiro-Wilk test. Quantitative variables—including ICs, values and the
characterization data of AgNPs—were described as mean + standard deviation (SD). Comparisons
between two groups were made using the unpaired Student’s t-test, while one-way ANOVA with
Tukey’s post-hoc test was used for three or more groups. When data did not meet parametric
assumptions, non-parametric tests (Mann-Whitney U or Kruskal-Wallis) were applied. Qualitative
variables were expressed as frequencies and percentages; comparisons were performed using the
Chi-square (x?) test or Fisher’'s exact test when expected cell counts were < 5. All analyses were
conducted using GraphPad Prism v8 or R 2024.12.1+563, with statistical significance set at p < 0.05
(two-tailed unless stated otherwise). Experiments were repeated in triplicate to ensure
reproducibility.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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3. Results

3.1. Characterization of Silver Nanoparticles

According to the UV-Vis absorption spectra (Figure 2a), the synthesized AgNPs exhibited
surface plasmon resonance (SPR) peaks at 423 nm for GLU-AgNPs and 420 nm for PVP-AgNPs,
confirming their formation. The slightly higher absorbance intensity observed for PVP-AgNPs may
reflect differences in particle concentration, size distribution, or aggregation state compared to GLU-
AgNPs.

FTIR analysis (Figure 2b) revealed distinct surface functional groups associated with each
capping agent. Both NPs showed a band at ~1380 cm™, assigned to residual nitrate (NOs~) from
unreacted silver nitrate, rather than to AgNO; as a functional moiety. In GLU-AgNPs, characteristic
bands were observed at 3417 cm™ (O-H stretching from hydroxyl groups of glucose and/or gelatin),
1640 cm™ (C=0 stretching, possibly from carboxylate or amide I if gelatin is present), and 1050 cm™
(C-O stretching, typical of carbohydrates). These oxygen-rich groups likely contribute to
nanoparticle stabilization through hydrogen bonding and steric effects. For PVP-AgNPs, the
spectrum displayed bands at 3448 cm™ (O-H, adsorbed water), 2954 cm™ (C-H aliphatic), 1640 cm™!
(C=0 of pyrrolidone ring), 1425 cm™! (CH; bending / C-N), 1000 cm™ (C-O-C), along with additional
features at 3050 cm™ (C=C-H, alkene) and 950 cm™ (N*-O-, amine oxide), consistent with PVP’s
structure and partial oxidation during synthesis. These nitrogen- and oxygen-containing groups
enhance colloidal stability via steric hindrance and surface coordination.
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Figure 2. Physicochemical characterization of AgNPs synthesized with glucose (GLU) or polyvinylpyrrolidone
(PVP); a) UV-Vis spectra of GLU-AgNPs and PVP-AgNPs. b) FTIR absorption spectra of AgNPs synthesized
using GLU and PVP.

Regarding colloidal properties (Table 1), PVP-AgNPs exhibited a hydrodynamic diameter of
30.0 £1.8 nm (PDI=0.280), while GLU-AgNPs were smaller (22.4 + 1.2 nm, PDI=0.232). Zeta potential
values were —-10.01 + 1.8 mV for PVP-AgNPs and -3.5 + 1.2 mV for GLU-AgNPs, with conductivities
of 0.163 mS/cm and 0.179 mS/cm, respectively.

Table 1. Hydrodynamic diameter, polydispersity index (PDI), and zeta potential of GLU-AgNPs and PVP-

AgNPs.
Property GLU-AgNPs PVP-AgNPs
Hydrodynamic diameter (nm) 22.4+1.20 30+1.8
Polydispersity index (PDI) 0.232 0.280
Zeta potential (mV) -3.50 -10.01

TEM analysis revealed some differences between the AgNPs (Figure 3). For GLU-AgNPs, most
particles were within the size of 7.9 - 28 nm, exhibiting slight irregularities in shape and rougher
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surfaces. Whereas, PVP-AgNPs displayed predominantly spherical structures with two distinct size
populations, averaging 6 - 22 nm, respectively. These particles were well-dispersed with smooth
surfaces and minimal aggregation, as evidenced by the TEM images. The size distribution histogram
of PVP-AgNPs also showed two prominent peaks at 6 nm and 22 nm, reflecting the bimodal size
distribution observed in the synthesis process.
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Figure 3. Transmission electron microscopy (TEM) images of: a) GLU-AgNPs and b) PVP-AgNPs (scale bar: 0.2
pm). Size distribution histograms of: ¢) GLU-AgNPs and d) PVP-AgNPs.

3.2. Cell Viability and IC50

A dose-dependent decrease in cell viability was observed for both GLU-AgNPs and PVP-AgNPs
in JURKAT cells and PBMCs (Figure 4). In JURKAT cells, PVP-AgNPs induced a significantly sharper
reduction in viability compared to GLU-AgNPs. Viability decreased from 85% at 0.37 pug/mL to 15%
at 6 ug/mL for PVP-AgNPs, whereas GLU-AgNPs produced a more moderate decrease, from 90% to
approximately 40% across the same concentration range (p < 0.001) (Figure 4a).

In PBMCs, GLU-AgNPs preserved viability above 60% at 6 pg/mL, while PVP-AgNPs reduced
viability to approximately 20% at the same concentration (p <0.001) (Figure 4b). These results indicate
that GLU-AgNPs exert lower cytotoxicity toward healthy immune cells than PVP-AgNPs.

Dose-response curves were used to determine the ICsy values for each nanoparticle (Figure 5).
In JURKAT cells, PVP-AgNPs showed a lower ICs (0.85 pg/mL) compared to GLU-AgNPs (2.83
pg/mL), indicating greater cytotoxic potency. In PBMCs, GLU-AgNPs exhibited an ICs of 6.9 pg/mL,
whereas PVP-AgNPs demonstrated a substantially lower ICso (0.30 pg/mL), reflecting a higher
toxicity toward healthy cells.

Selectivity was assessed using the Selectivity Index (SI), calculated as ICso in PBMCs divided by
ICs0 in JURKAT cells (Table 2). GLU-AgNPs yielded an SI of 2.44, indicating selective toxicity toward
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leukemic cells while sparing PBMCs. Conversely, PVP-AgNPs presented an SI of 0.36, demonstrating
non-selective cytotoxicity, with greater toxicity toward healthy immune cells.
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Figure 4. Percentage of viability after stimulation with different concentrations of GLU-AgNPs (black bars) and
PVP-AgNPs (gray bars); (a) JURKAT, (b) PBMCs. Data represent mean + SD from three independent
experiments. Statistical significance was determined by one-way ANOVA followed by Tukey’s post-hoc test (*p
<0.05, **p < 0.01, ***p <0.0001; ns = not significant).
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Figure 5. Dose-response curves for ICs, determination of GLU-AgNPs and PVP-AgNPs in (a) JURKAT cells and
(b) PBMCs. Cells were exposed to nanoparticle concentrations of 0.37, 0.75, 1.5, 3.0, and 6.0 ug/mL for 24 h. Data

represent mean + SD of three independent experiments.

Table 2. IC50 and SI were determined in the JURKAT cell line and PBMC cells dosed with GLU-AgNPs and

PVP-AgNPs.
Cell type AgNPs ICso (ug/mL) SI
GLU-AgNPs 2.830
URKAT 2.439
J PVP-AgNPs 0.309
GLU-AgNPs 6.910
PBM 361
Cs PVP-AgNPs 0.854 036

3.3. Cytotoxicity in JURKAT and PBMCs Stimulated with GLU-AgNPs and PVP-AgNPs

Cytotoxicity in JURKAT and PBMCs stimulated with GLU-AgNPs and PVP-AgNPs was dose-
dependent, as evidenced by the metabolic activity evaluated through the MTT assay. In JURKAT cells
(Figure 6a), metabolic activity decreased from 91.1% to 14.7% when treated with concentrations
ranging from 0.37 ug/mL to 6 pg/mL of GLU-AgNPs, indicating significant impairment of
mitochondrial function in leukemic cells. This decrease aligns with the previously calculated 1Cs, of
6.9 ug/mL, supporting that GLU-AgNPs require comparatively higher concentrations to induce a
half-maximal cytotoxic effect on malignant cells, highlighting a moderated cytotoxic potency. In
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contrast, PBMCs (Figure 6b) exhibited a milder response, with metabolic activity decreasing from
95.9% to 59.4% across the same concentration range. The ICs, value in PBMCs remained above the
highest tested concentration, suggesting lower sensitivity and indicating a degree of selectivity
toward cancer cells. On the other hand, PVP-AgNPs displayed stronger and non-selective
cytotoxicity. In JURKAT cells, viability dropped sharply from 54.9% to 6.0%, while in PBMCs,
survival decreased from 38.2% to 5.0%. This corresponds with the lower ICsy previously calculated
for PVP-AgNPs (0.30 pg/mL), demonstrating high cytotoxic potency, but without selectivity, since
similar toxicity was observed in both malignant and healthy cells.

a) b)
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Concentration AgNPs pg/mL Concentration AgNPs pg/mL

Figure 6. Amount of formazan (%) produced in JURKAT and PBMCs after exposure to different concentrations
of GLU-AgNPs (black bars) or PVP-AgNPs (gray bars); a) JURKAT and b) PBMCs. Data represent mean + SD
from three independent experiments. Statistical significance was determined by one-way ANOVA followed by
Tukey’s post-hoc test (**p < 0.01, ***p <0.0001; ns = not significant).

4. Discussion

In recent years, the use of AgNPs as novel therapeutic and immunomodulatory agents has
attracted considerable attention from the scientific community, particularly those synthesized using
naturally occurring, biocompatible, and environmentally friendly reducing and capping agents. For
instance, AgNPs synthesized using Achillea millefolium extract showed selective cytotoxicity against
lymphoblastic leukemia cells (MOLT-4) [10]. In the context of leukemia, AgNPs have demonstrated
promising results in inducing cell death in both myeloid (e.g., HL-60) and lymphoid (e.g., JURKAT)
leukemia cell lines. For example, green-synthesized AgNPs from Ziziphora tenuior extract were
reported to trigger caspase-dependent apoptosis in HL-60 cells through the generation of ROS [21].

In our study, AgNPs synthesized via chemical reduction with GLU as the reducing agent were
successfully obtained under various experimental conditions. UV-Vis spectroscopy revealed LSPR
peaks at 423 nm for GLU-AgNPs and 420 nm for PVP-AgNPs, both falling within the typical range
for spherical silver nanoparticles (400-430 nm) [7,22,23]. The slight red shift in GLU-AgNPs and their
narrower absorption band —compared to the broader peak of PVP-AgNPs—suggests differences in
particle size distribution, shape homogeneity, and surface capping. The broader SPR band of PVP-
AgNPs indicates greater heterogeneity in size and morphology, which is consistent with the TEM
analysis described below. This observation aligns with established principles in nanoplasmonics,
where the full width at half maximum (FWHM) of the SPR band is directly influenced by nanoparticle
polydispersity and surface roughness [21]. These findings are consistent with those of Aguilar-
Méndez et al. (2010), who reported LSPR peaks at 420423 nm for AgNPs synthesized under similar
conditions [18].

In addition to optical properties, FTIR confirmed the presence of distinct functional groups
associated with each capping agent, reinforcing the idea that the type of reducing and stabilizing
molecules directly affects the surface chemistry of the nanoparticles. For GLU-AgNPs, characteristic
absorption bands at 3417 cm™ (O-H and N-H stretching) and 1648 cm™ (C=O in amide I) indicated
the successful interaction between GLU and the nanoparticle surface, suggesting a more
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biocompatible profile [14]. For PVP-AgNPs, key peaks appeared at 1654 cm™ (C=O stretching in
pyrrolidone group), 2954 cm™ (CH stretching), and 3448 cm™ (OH stretching), which are indicative
of PVP stabilization on the nanoparticle surface [7,21].

Zeta potential analysis showed values of -2.5 mV for GLU-AgNPs and -10.01 mV for PVP-
AgNPs, suggesting lower colloidal stability, although both types remain relatively stable in
suspension [21]. According to the colloidal stability theory and numerous experimental reports,
values exceeding + 30 mV are generally associated with enhanced colloidal stability; however, other
factors such as particle size and the nature of capping agents may compensate for lower zeta potential
values [21]. In this context, the comparatively higher stability observed for GLU-reduced
nanostructures, reflected by their lower PDI, can be attributed to the ability of gelatin to form a steric
protective layer around the nanoparticle surface, preventing aggregation. DLS and TEM analyses
confirmed that GLU-AgNPs exhibited predominantly spherical shapes and a relatively uniform
morphology, with particle sizes ranging from 6 to 28 nm [14]. These structural and colloidal
characteristics are closely associated with their subsequent biological responses, as evidenced in the
following cell viability assays [7].

Regarding the effect of the reducing agent on cell viability, GLU-AgNPs induced a gradual
decrease in cell viability, whereas PVP-AgNPs caused a more abrupt drop even at low concentrations,
particularly in JURKAT cells. This finding supports the idea that the type of reducing agent, as well
as the surface coating, directly influences nanoparticle—cell interactions [7,24].

These results confirm that PVP-AgNPs are significantly more cytotoxic and less selective than
GLU-AgNPs.

This differential response is quantitatively captured by the selectivity index (SI), calculated as
the ratio of ICso in PBMCs to ICsq in JURKAT cells. GLU-AgNPs exhibited an SI of 2.439, indicating a
>2-fold higher concentration is required to elicit toxicity in healthy cells—a profile consistent with a
favorable therapeutic window [7,24]. In contrast, PVP-AgNPs yielded an SI of 0.361, confirming their
inverted selectivity (greater toxicity toward normal cells than cancer cells) and limited suitability for
targeted therapy [13].

This selectivity likely stems from metabolic differences between malignant and normal immune
cells. Leukemic cells, including JURKAT, exhibit heightened glucose uptake due to overexpression
of glucose transporters (e.g., GLUT1) a hallmark of cancer metabolism—which may facilitate
preferential internalization of GLU-AgNPs. In contrast, PBMCs, as quiescent primary cells, show
lower metabolic activity and reduced endocytic capacity, limiting nanoparticle uptake and
cytotoxicity. Conversely, the synthetic PVP corona may promote non-specific cellular interactions,
leading to indiscriminate toxicity in both cell types [25,26].

Previous studies have shown that surface functionalization can be strategically used to design
AgNPs with tunable therapeutic profiles either aggressive or biocompatible depending on the clinical
context [7,27]. Our findings position GLU-AgNPs as a promising candidate for safer anticancer
applications where immune cell preservation is critical.

Taken together, these results demonstrate that the reducing agent used in the synthesis of
AgNPs has a significant impact on their biological behavior. PVP-AgNPs are more cytotoxic and less
selective, whereas GLU-AgNPs appear to have a safer profile, with fewer effects on healthy cells
(PBMCs). While these characteristics might favor the use of GLU-AgNPs in clinical settings, further
in vivo studies and investigations into cellular internalization mechanisms are needed to validate
their safe and effective use. Moreover, it would be interesting to explore their long-term effects,
combined with anti-leukemic drugs, or in three-dimensional models of lymphoid tissue [24,28].

5. Conclusion

This study demonstrates that the reducing agent used during the synthesis of AgNPs
significantly influences their physicochemical properties and interactions with leukemic and healthy
cells. GLU-AgNPs exhibited higher colloidal stability and a less pronounced cytotoxic profile,
resulting in higher cell viability and a favorable selectivity index (SI = 2.439) toward leukemic cells.
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Whereas PVP-AgNPs showed a slightly higher polydispersity (i.e., a bimodal size distribution
profile) and a more negative zeta potential, which likely facilitated their cellular uptake, resulting in
a stronger cytotoxic effect on leukemic cells and lower cell viability compared to GLU-AgNPs. These
findings confirm that the chemical nature of the reducing agent and the capping layer formed during
synthesis not only affect the physicochemical characteristics and colloidal behavior of AgNPs but also
modulate the biological response of exposed cells.

Overall, this work underscores the importance of nanoparticle design as a strategic tool to tailor
their biological performance. The choice of reducing agent emerges as a key factor in the development
of oncological nanomedicine, although further in vivo studies and mechanistic investigations are
needed to fully assess its implications.
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