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Introduction

Since the 1980s, when the field of nanotechnology was established, the first
nanotechnology-based treatments, vaccines, drugs, and diagnostic devices have been approved
for commercialization and clinical use. Concurrently, the synthesis of matter at the nanometer
scale has been developed (Contera et al., 2021). Inorganic-based nanomaterials, which are
widely used in healthcare applications, generally include metals and metal oxide nanomaterials.
Metal-based nanomaterials include silver (Ag), gold (Au), aluminum (Al), cadmium (Cd),
copper (Cu), iron (Fe), zinc (Zn), and lead (Pb). Metal oxide-based nanomaterials include zinc
oxide (Zn0O), copper oxide (CuO), magnesium aluminum oxide (MgAl.O4), titanium oxide
(TiO2), cerium oxide (CeOy), and iron oxide (FesOs) (Ma et al., 2024). Gold nanoparticles
(AuNP) and silver nanoparticles (AgNP), which are among the metal nanoparticles, have a wide
range of potential uses due to their application areas in various disciplines and their biomedical
properties (Sakthi Devi et al., 2022). AgNP, a material that has gained significant popularity in
recent times, exhibits superior antibacterial properties, a lack of drug resistance, and a range of
electrical, optical, and thermal properties when compared to conventional silver (Sati et al.,
2025; Nie et al., 2023; Nguyen et al., 2023). Due to their exceptional stability and low chemical
reactivity, AgNPs are highly suitable candidates for various biological applications (Sati et al.,
2025). However, AgNPs have also been observed to exert adverse effects. Preliminary research
indicates that the liver and lungs are the primary sites of accumulation or target tissues for long-
term AgNP exposure (Jaswal and Gupta, 2023). AgNP displays a multitude of toxicological
profiles, which are contingent upon exposure routes, including inhalation, gastrointestinal tract,
and dermal exposure. These profiles manifest in various forms, depending on the route of
exposure, and consequently result in distinct biological effects within the body (Ferdous and
Nemmar, 2020). A multitude of deleterious effects have been documented in the extant
literature, with particular emphasis on fetal hepatotoxicity, genotoxicity, and chronic exposure.
These adverse effects culminate in the impairment of vital organs, such as the liver and kidneys
(Gherasim et al., 2020).

The objective of this study was to evaluate the biological and pharmaceutical properties
of drug-loaded AgNPs based on existing literature. In this context, the antibacterial, antiviral,
antifungal, anti-inflammatory, and anticancer effects of AgNPs, as well as their roles as targeted
drug delivery systems and in wound healing, were systematically investigated.

Methodology

A comprehensive literature review was conducted between 2015 and 2025 using the
keywords "silver nanoparticles,” "drug-loaded silver nanoparticles," and "pharmaceutical effect
of silver nanoparticles” to evaluate the pharmaceutical effects of drug-loaded AgNP.

Drug-Loaded Silver Nanoparticle (Agnp)

AgNP exhibits several advantageous properties, including chemical stability, inertness,
and a high drug binding affinity. Additionally, it is biocompatible, stable, and safe in biological
environments, and it has low toxicity (Aisida et al., 2019). The synthesis of AgNP for utilization
in drug delivery has resulted in particles with dimensions exceeding 100 nm. This characteristic
confers upon them the capability to carry the designated drug payload in an effective manner
(Lee and Jun, 2019). AgNP demonstrate antimicrobial and anticancer properties through
mechanisms such as the release of silver ions and the formation of radical species upon uptake
by living cells or bacteria. Cancer is known as a major health problem globally (Bilici et al.,
2025). Critical obstacles to cancer treatment are drug insensitivity and resistance (Bilici and
Akkog, 2025).The loading of AgNPs with pharmacologically active cancer drugs represents a
promising approach for the treatment of tumors that are unresponsive to chemotherapy or
radiotherapy (Gomes et al., 2021). For a variety of medical applications, AgNP has been
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demonstrated to regulate the release of silver ions, thereby reducing its toxicity while
maintaining its antibacterial activity. This is due to its robust antibacterial, anti-inflammatory,
and antitumor properties (Gherasim et al., 2020; Aisida et al., 2019; Lee and Jun, 2019; Gomes
et al., 2021; Burdusel et al., 2018).

Antibacterial

Metal NP, endowed with noteworthy antibacterial characteristics, is among the most
prevalent nanomaterials employed (Slavin et al., 2017). AgNP demonstrates efficacy as an
antibacterial agent, proving effective in addressing pathogenic infections (Sharma et al., 2012).
AgNP is among the most prevalent nano-antimicrobials, exhibiting a natural structure that
impedes bacterial proliferation (Aisida et al., 2019). Phenindione-loaded AgNP have been
demonstrated to exhibit prolonged prothrombin and activated partial thromboplastin times, with
an approximate increase of 1.5-fold compared to conventional phenindione. This observation
validates the efficacy of phenindione-loaded AgNP as a superior therapeutic anticoagulant
agent. AgNP demonstrated remarkable antimicrobial activity against gram-positive bacterial
strains, including Micrococcus luteus 2YC-YT, Staphylococcus aureus ATCC 25923, and
Bacillus amyloliquefaciens 4BCL-YT. Additionally, AgNP exhibited significant activity
against gram-negative bacterial strains, such as Salmonella enteritidis ATCC 13076. However,
these formulations were found to be less efficacious than the free drug, phenindione. This
observation was attributed to the release time of AgNP (Nikolova et al., 2023). However, the
loading of ciprofloxacin onto AgNP resulted in an enhancement of its antibacterial activity
against Acinetobacter baumannii and Serratia marcescens gram-negative bacterial strains, as
well as Staphylococcus aureus gram-positive bacterial strains (Ibraheem et al., 2022). In the
present study, the antibacterial efficacy of silica NP loaded with vancomycin and nanosilver
antibacterial drugs was investigated. The results demonstrated a significant inhibitory effect on
bacterial strains, including S. epidermidis (gram positive) and E. coli (gram negative) (Ni et al.,
2022). In this case, it is hypothesized that the antibacterial activity of AgQNP may be contingent
upon the rate at which the drug is released from the NP.

Antiviral

The antiviral mechanism of AgNP remains to be fully elucidated, necessitating further
investigation into its structural, molecular, and immunological aspects. AgNP-induced antiviral
effects are analogous to their antibacterial activities. These effects are based on the specific
affinity of AgNP for key biomolecules, such as viral proteins and glycoproteins. AgNP-induced
antiviral effects are also based on Ag+ ion-mediated biostatic events. These events include the
inhibition of cellular attachment and invasion, the inhibition of intracellular viral replication or
spread, and the suppression of extracellular virion production (Salleh et al., 2020; Nakamura et
al., 2019). Fungal-derived biodegradable AgNP have been demonstrated to impede the binding
and intracellular multiplication of type 1 herpes simplex virus (HSV-1), contingent on their
dimensions (Gaikwad et al., 2013). Tannic acid-loaded AgNP, with a diameter of 33
nanometers, have been documented to demonstrate the capacity to diminish the infectivity of
type 2 herpes simplex virus (HSV-2) by directly impeding viral glycoproteins and interacting
with viral deoxyribonucleic acid (DNA). Treatment with these nanoparticles also reduced local
inflammation and enhanced virus-specific immune responses in both primary and recurrent
HSV-2 infections in mouse models (Orlowski et al., 2013; Ortowski et al., 2014).

Antifungal and Anti-inflammatory

Due to the proven antifungal activity of AgNP, their utilization has seen a considerable
increase in the treatment of fungal infections (Mussin and Giusiano, 2022). The antifungal
activity of Chitosan AgNP was found to be significant against both unicellular and multicellular
fungal strains (Shehabeldine et al., 2022). A study was conducted to investigate the antifungal
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activity of AgNP on clinical isolates of C. auris. The results demonstrated that AgNP exhibited
significant antifungal and antibiofilm activity against all isolates that were subjected to
antimicrobial agents, including amphotericin B, fluconazole, caspofungin, voriconazole,
micafungin, and flucytosine (AlJindan and AlEraky, 2022).

In a study by Wang et al., levofloxacin hydrochloride-loaded Ag-core mesoporous silica
NP provided synergistic treatment against drug-resistant infections in vitro and in vivo, by
simultaneously releasing antibiotics and Ag+ ions (Wang et al., 2016). The investigation
revealed that Terminalia species-mediated AgNP exhibited significant anti-inflammatory and
antioxidant properties (Mohamed and Abdel, 2014). Intracolonic administration of NanoAgl
and NanoAg? effectively alleviated colitis in experimental ulcerative colitis and Crohn's disease
models, thereby emerging as potential therapeutic agents in the treatment of inflammatory
bowel diseases (Siczek et al., 2017).

Anticancer and Target-Specific Drug Delivery

AgNP act as antitumor agents due to their antiproliferative and apoptosis-inducing
properties (Jayachandran et al., 2023). AgNP are becoming increasingly important for
delivering anticancer drugs because they can overcome some of the limitations of conventional
therapies. Their biosynthesis is simple and environmentally friendly, and it does not require
chemical reagents (Gomes et al., 2021). In a study conducted by Misra and colleagues, the
researchers demonstrated that paclitaxel-loaded polylactic-co-glycolic acid (PLGA)-coated
AgNP, which they developed for imaging and therapy, could be used to treat lung cancer by
overcoming barriers in theranostic platforms. The AgNP effectively inhibited cancer growth
and enabled imaging by releasing the drug in a controlled and slow manner (Misra et al., 2024).
Jayachandran et al. conducted a study in which AgNP-encapsulated liposomes were delivered
to cancer cells in a controlled and targeted manner (Jayachandran et al., 2023).
Polyvinylpyrrolidone-stabilized AgNP exhibited concentration-dependent toxicity against
mouse dendritic cells, whereas the cytotoxic effects of these nanoparticles against cancer cells
were significantly higher (Vazquez at el., 2017).

Wound Care

Silver and its derivatives have played an important role in wound care since the time of
Hippocrates. The therapeutic potential of these substances has been evaluated since ancient
times (Yapijakis, 2009). The application of wound dressings coated with biosynthesized AgNP
has been demonstrated to enhance collagen deposition in burn wounds and expedite re-
epithelialization, reducing the duration of the process by 17 to 25 days. Due to their enhanced
mechanical strength and accelerated healing properties, they are recommended as a potential
option for the treatment of pediatric wounds (Ying et al., 2019). PVA hydrogel patches loaded
with biosynthesized AgNP have been reported to accelerate the healing process and enhance
re-epithelialization by providing effective antibacterial activity (Ahsan and Farooq, 2019). In a
separate study, it was determined that loading AgNP into alginate/gelatin hydrogels supported
better formation and maturation of granular tissue and also promoted earlier formation of
primary collagen scars (Diniz et al., 2020). Silver-based nanomaterials can be readily modified
and incorporated into dressings, facilitating the controlled delivery of therapeutic agents and
promoting wound healing through their antioxidant, anti-inflammatory, and proliferative effects
(Parthasarathy et al., 2020; Hajji et al., 2019). The acceleration of wound healing observed in
this study can be attributed to the biocompatibility and non-toxic nature of the Chitosan AgNP
at the concentrations employed. These nanoparticles demonstrated a capacity for effective
wound exudate absorption, further contributing to their wound healing properties (Shehabeldine
etal., 2022).
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Potential Risks And Toxicity

The delivery of NP, particularly in the context of cancer treatments, poses significant
challenges before their commercialization and subsequent routine utilization in clinical settings
(Rosenblum et al., 2018). For instance, the administration of elevated drug doses with the
objective of preventing suboptimal dosages from reaching the intended target, due to
diminished bioavailability, may result in deleterious side effects and toxicity (Gomes et al.,
2021). Given that AgNP is silver-based, its low solubility in biological fluids is a significant
limitation that restricts its application in medical contexts (Mbanga et al., 2022). The solubility
of NP affects its biological persistence and durability, thereby enabling the estimation of its
duration of residence in the body (Chakraborty and Misra, 2019). It is anticipated that NP with
a slow dissolution rate will have a prolonged impact on human health and the environment
(Oyabu et al., 2017; Utembe et al., 2015). Factors such as pH, ionic strength, and surface
functionalization have been demonstrated to promote enhanced dissolution at lower pH values
for AgNP (Pallavicini et al., 2022; Fernando and Zhou, 2019). The long-term biodistribution of
AgNP, in conjunction with their high concentration, has been observed to result in toxic effects,
primarily due to the inefficient delivery of drugs to targeted cells (Xue et al., 2012). AgNP,
which are frequently utilized in nanotechnology, manifest toxic effects on mammalian cells not
solely due to their antimicrobial properties but also via a variety of cellular and molecular
mechanisms. These toxicity mechanisms include (i) disruption of energy-dependent metabolic
processes and DNA replication due to the uptake of free silver ions into the cell; (ii) oxidative
stress resulting from the formation of reactive oxygen species (ROS) and free radicals induced
by nanoparticles; and (iii) local disruption of membrane integrity due to the direct interaction
of AgNP with lipid components in the cell membrane (Mei et al., 2020; Tortella et al., 2020).

Conclusion

A review of the relevant literature indicates that drug-loaded AgNP have broad potential
applications in medicine and pharmaceuticals. The combination of AgNP with various
biological agents has been demonstrated to enhance therapeutic efficacy and facilitate more
precise delivery of drugs to the intended area. It has been demonstrated that significant
advancements have been made in the domains of infection control and cancer treatment. These
achievements can be attributed, at least in part, to the observed antibacterial and anticancer
properties of the involved agents. In addition, their wound-healing-enhancing properties have
demonstrated considerable potential for utilization in wound care products. However, for these
AgNP to be seamlessly integrated into clinical applications, a comprehensive examination of
their toxicological profiles is imperative, along with a thorough evaluation of their long-term
safety.

258



(Musmula)

References

Ahsan A, Farooq MA. Therapeutic potential of green synthesized silver nanoparticles loaded
PVA hydrogel patches for wound healing. J Drug Deliv Sci Technol 2019;54.
https://doi.org/10.1016/j.jddst.2019.101308.

Aisida SO, Ugwu K, Akpa PA, Nwanya AC, Nwankwo U, Botha SS, et al. Biosynthesis of
silver nanoparticles using bitter leave (Veronica amygdalina) for antibacterial activities.
Surfaces and Interfaces 2019;17. https://doi.org/10.1016/j.surfin.2019.100359.

AlJindan R, AlEraky DM. Silver Nanoparticles: A Promising Antifungal Agent against the
Growth and Biofilm Formation of the Emergent Candida auris. Journal of Fungi 2022;8.
https://doi.org/10.3390/j0f8070744.

Bilici E, Tiirkoglu BG, Akko¢ S (2025). Using the MTT Cell Viability Test and
Immunocytochemistry Techniques, Benzimidazole's Cytotoxicity and Apoptosis
Activation in Mouse 4T1 Cell Culture. Dicle Univ Vet Fak Derg., 18(1):33-37.

Bilici E, Akko¢ S, (2025). Investigation of the Cytotoxic Effect of A New NPhenyl
Benzimidazole Derivative on Cell Viability in A549 and HepG2 Cell Lines. Van Med J
32 (1): 3-6.

Burdusel AC, Gherasim O, Grumezescu AM, Mogoanta L, Ficai A, Andronescu E. Biomedical
applications of silver nanoparticles: An up-to-date overview. Nanomaterials 2018;8.
https://doi.org/10.3390/nano8090681.

Chakraborty S, Misra SK. A comparative analysis of dialysis based separation methods for
assessing copper oxide nanoparticle solubility. Environ Nanotechnol Monit Manag
2019;12. https://doi.org/10.1016/j.enmm.2019.100258.

Contera S, De La Serna JB, Tetley TD. Biotechnology, nanotechnology and medicine. Emerg
Top Life Sci 2021;4:551-4. https://doi.org/10.1042/ETLS20200350.

Diniz FR, Maia RCAP, Rannier L, Andrade LN, Chaud M V., da Silva CF, et al. Silver
nanoparticles-composing alginate/gelatine hydrogel improves wound healing in vivo.
Nanomaterials 2020;10. https://doi.org/10.3390/nan010020390.

Ferdous Z, Nemmar A. Health impact of silver nanoparticles: A review of the biodistribution
and toxicity following various routes of exposure. Int J Mol Sci 2020;21.
https://doi.org/10.3390/ijms21072375

Fernando I, Zhou Y. Impact of pH on the stability, dissolution and aggregation kinetics of silver
nanoparticles. Chemosphere 2019;216:297-305.
https://doi.org/10.1016/j.chemosphere.2018.10.122.

Gaikwad S, Ingle A, Gade A, Rai M, Falanga A, Incoronato N, et al. Antiviral activity of
mycosynthesized silver nanoparticles against herpes simplex virus and human
parainfluenza  virus type 3. Int J Nanomedicine  2013;8:4303-14.
https://doi.org/10.2147/1IJN.S50070.

Gherasim O, Puiu RA, Birca AC, Burdusel AC, Grumezescu AM. An updated review on silver
nanoparticles in biomedicine. Nanomaterials 2020;10:1-44.
https://doi.org/10.3390/nan010112318.

Gomes HIO, Martins CSM, Prior JAV. Silver nanoparticles as carriers of anticancer drugs for
efficient  target treatment of cancer cells.  Nanomaterials  2021;11.
https://doi.org/10.3390/nan011040964.

259


https://doi.org/10.1016/j.jddst.2019.101308
https://doi.org/10.1016/j.surfin.2019.100359
https://doi.org/10.3390/jof8070744
https://doi.org/10.3390/nano8090681
https://doi.org/10.1016/j.enmm.2019.100258
https://doi.org/10.1042/ETLS20200350
https://doi.org/10.3390/nano10020390
https://doi.org/10.3390/ijms21072375
https://doi.org/10.1016/j.chemosphere.2018.10.122
https://doi.org/10.2147/IJN.S50070
https://doi.org/10.3390/nano10112318
https://doi.org/10.3390/nano11040964

(Musmula)

Hajji S, Khedir S Ben, Hamza-Mnif I, Hamdi M, Jedidi I, Kallel R, et al. Biomedical potential
of chitosan-silver nanoparticles with special reference to antioxidant, antibacterial,
hemolytic and in vivo cutaneous wound healing effects. Biochim Biophys Acta Gen Subj
2019;1863:241-54. https://doi.org/10.1016/j.bbagen.2018.10.010.

Ibraheem DR, Hussein NN, Sulaiman GM, Mohammed HA, Khan RA, Al Rugaie O.
Ciprofloxacin-Loaded Silver Nanoparticles as Potent Nano-Antibiotics against Resistant
Pathogenic Bacteria. Nanomaterials 2022;12. https://doi.org/10.3390/nan012162808.

Jaswal T, Gupta J. A review on the toxicity of silver nanoparticles on human health. Mater
Today Proc, vol. 81, Elsevier Ltd; 2021, p. 859-63.
https://doi.org/10.1016/j.matpr.2021.04.266.

Jayachandran P, llango S, Suseela V, Nirmaladevi R, Shaik MR, Khan M, et al. Green
Synthesized Silver Nanoparticle-Loaded Liposome-Based Nanoarchitectonics for Cancer
Management: In  Vitro Drug Release Analysis. Biomedicines 2023;11.
https://doi.org/10.3390/biomedicines11010217.

Lee SH, Jun BH. Silver nanoparticles: Synthesis and application for nanomedicine. Int J Mol
Sci 2019;20. https://doi.org/10.3390/ijms20040865.

Ma X, Tian Y, Yang R, Wang H, Allahou LW, Chang J, et al. Nanotechnology in healthcare,
and its safety and environmental risks. Journal of Nanobiotechnology 2024;22.
https://doi.org/10.1186/s12951-024-02901-x.

Mbanga O, Cukrowska E, Gulumian M. Dissolution kinetics of silver nanoparticles: Behaviour
in simulated biological fluids and synthetic environmental media. Toxicol Rep
2022;9:788-96. https://doi.org/10.1016/j.toxrep.2022.03.044.

Mei L, Xu Z, Shi Y, Lin C, Jiao S, Zhang L, et al. Multivalent and synergistic chitosan
oligosaccharide-Ag nanocomposites for therapy of bacterial infection. Sci Rep 2020;10.
https://doi.org/10.1038/s41598-020-67139-7.

Misra R, Hazra S, Saleem S, Nehru S. Drug-loaded polymer-coated silver nanoparticles for
lung cancer theranostics. Medical Oncology 2024;41. https://doi.org/10.1007/s12032-
024-02372-y.

Mohamed El-Rafie H, Abdel-Aziz Hamed M. Antioxidant and anti-inflammatory activities of
silver nanoparticles biosynthesized from aqueous leaves extracts of four Terminalia
species. Advances in Natural Sciences: Nanoscience and Nanotechnology 2014;5.
https://doi.org/10.1088/2043-6262/5/3/035008.

Mussin J, Giusiano G. Biogenic silver nanoparticles as antifungal agents. Front Chem 2022;10.
https://doi.org/10.3389/fchem.2022.1023542.

Nakamura S, Sato M, Sato Y, Ando N, Takayama T, Fujita M, et al. Synthesis and application
of silver nanoparticles (Ag nps) for the prevention of infection in healthcare workers. Int
J Mol Sci 2019;20. https://doi.org/10.3390/ijms20153620.

Nguyen NPU, Dang NT, Doan L, Nguyen TTH. Synthesis of Silver Nanoparticles: From
Conventional to  ‘Modern’ Methods—A  Review.  Processes  2023;11.
https://doi.org/10.3390/pr11092617.

Ni C, Zhong Y, Wu W, Song Y, Makvandi P, Yu C, et al. Co-Delivery of Nano-Silver and
Vancomycin via Silica Nanopollens for Enhanced Antibacterial Functions. Antibiotics
2022;11. https://doi.org/10.3390/antibiotics11050685.

260


https://doi.org/10.1016/j.bbagen.2018.10.010
https://doi.org/10.3390/nano12162808
https://doi.org/10.1016/j.matpr.2021.04.266
https://doi.org/10.3390/biomedicines11010217
https://doi.org/10.3390/ijms20040865
https://doi.org/10.1186/s12951-024-02901-x
https://doi.org/10.1016/j.toxrep.2022.03.044
https://doi.org/10.1038/s41598-020-67139-7
https://doi.org/10.1007/s12032-024-02372-y
https://doi.org/10.1007/s12032-024-02372-y
https://doi.org/10.1088/2043-6262/5/3/035008
https://doi.org/10.3389/fchem.2022.1023542
https://doi.org/10.3390/ijms20153620
https://doi.org/10.3390/pr11092617
https://doi.org/10.3390/antibiotics11050685

(Musmula)

Nie P, Zhao Y, Xu H. Synthesis, applications, toxicity and toxicity mechanisms of silver
nanoparticles: A review. Ecotoxicol Environ Saf 2023;253.
https://doi.org/10.1016/j.ecoenv.2023.114636.

Nikolova S, Milusheva M, Gledacheva V, Feizi-Dehnayebi M, Kaynarova L, Georgieva D, et
al. Drug-Delivery Silver Nanoparticles: A New Perspective for Phenindione as an
Anticoagulant. Biomedicines 2023;11. https://doi.org/10.3390/biomedicines11082201.

Ortowski P, Kowalczyk A, Tomaszewska E, Ranoszek-Soliwoda K, Wegrzyn A, Grzesiak J, et
al. Antiviral activity of tannic acid modified silver nanoparticles: Potential to activate
immune response in herpes genitalis. Viruses 2018;10.
https://doi.org/10.3390/v10100524.

Orlowski P, Tomaszewska E, Gniadek M, Baska P, Nowakowska J, Sokolowska J, et al. Tannic
acid modified silver nanoparticles show antiviral activity in herpes simplex virus type 2
infection. PLoS One 2014;9. https://doi.org/10.1371/journal.pone.0104113.

Oyabu T, Myojo T, Lee BW, Okada T, lzumi H, Yoshiura Y, et al. Biopersistence of NiO and
TiO2 nanoparticles following intratracheal instillation and inhalation. Int J Mol Sci
2017;18. https://doi.org/10.3390/ijms18122757.

Pallavicini P, Preti L, Vita L De, Dacarro G, Diaz Fernandez YA, Merli D, et al. Fast dissolution
of silver nanoparticles at physiological pH. J Colloid Interface Sci 2020;563:177-88.
https://doi.org/10.1016/j.jcis.2019.12.081.

Parthasarathy A, Vijayakumar S, Malaikozhundan B, Thangaraj MP, Ekambaram P, Murugan
T, et al. Chitosan-coated silver nanoparticles promoted antibacterial, antibiofilm, wound-
healing of murine macrophages and antiproliferation of human breast cancer MCF 7 cells.
Polym Test 2020;90. https://doi.org/10.1016/j.polymertesting.2020.106675.

Rosenblum D, Joshi N, Tao W, Karp JM, Peer D. Progress and challenges towards targeted
delivery of cancer therapeutics. Nat Commun 2018;9. https://doi.org/10.1038/s41467-
018-03705-y.

Sakthi Devi R, Girigoswami A, Siddharth M, Girigoswami K. Applications of Gold and Silver
Nanoparticles in Theranostics. Appl Biochem Biotechnol 2022;194:4187-2109.
https://doi.org/10.1007/s12010-022-03963-z.

Salleh A, Naomi R, Utami ND, Mohammad AW, Mahmoudi E, Mustafa N, et al. The potential
of silver nanoparticles for antiviral and antibacterial applications: A mechanism of action.
Nanomaterials 2020;10:1-20. https://doi.org/10.3390/nan010081566.

Sati A, Ranade TN, Mali SN, Ahmad Yasin HK, Pratap A. Silver Nanoparticles (AgNPs):
Comprehensive Insights into Bio/Synthesis, Key Influencing Factors, Multifaceted
Applications, and Toxicity—A 2024 Update. ACS Omega 2025;10:7549-82.
https://doi.org/10.1021/acsomega.4c11045.

Sharma RK, Patel S, Pargaien KC. Synthesis, characterization and properties of Mn-doped ZnO
nanocrystals. Advances in Natural Sciences: Nanoscience and Nanotechnology 2012;3.
https://doi.org/10.1088/2043-6262/3/3/035005.

Shehabeldine AM, Salem SS, Ali OM, Abd-Elsalam KA, Elkady FM, Hashem AH.
Multifunctional Silver Nanoparticles Based on Chitosan: Antibacterial, Antibiofilm,
Antifungal, Antioxidant, and Wound-Healing Activities. Journal of Fungi 2022;8.
https://doi.org/10.3390/j0f8060612.

Siczek K, Zatorski H, Chmielowiec-Korzeniowska A, Pulit-Prociak J, Smiech M, Kordek R, et
al. Synthesis and evaluation of anti-inflammatory properties of silver nanoparticle

261


https://doi.org/10.1016/j.ecoenv.2023.114636
https://doi.org/10.3390/biomedicines11082201
https://doi.org/10.3390/v10100524
https://doi.org/10.1371/journal.pone.0104113
https://doi.org/10.3390/ijms18122757
https://doi.org/10.1016/j.jcis.2019.12.081
https://doi.org/10.1016/j.polymertesting.2020.106675
https://doi.org/10.1038/s41467-018-03705-y
https://doi.org/10.1038/s41467-018-03705-y
https://doi.org/10.1007/s12010-022-03963-z
https://doi.org/10.3390/nano10081566
https://doi.org/10.1021/acsomega.4c11045
https://doi.org/10.1088/2043-6262/3/3/035005
https://doi.org/10.3390/jof8060612

(Musmula)

suspensions in experimental colitis in mice. Chem Biol Drug Des 2017;89:538-47.
https://doi.org/10.1111/cbdd.12876.

Slavin YN, Asnis J, Hifeli UO, Bach H. Metal nanoparticles: Understanding the mechanisms
behind antibacterial activity. J Nanobiotechnology 2017;15.
https://doi.org/10.1186/s12951-017-0308-z.

Tortella GR, Rubilar O, Durdn N, Diez MC, Martinez M, Parada J, et al. Silver nanoparticles:
Toxicity in model organisms as an overview of its hazard for human health and the
environment. J Hazard Mater 2020;390. https://doi.org/10.1016/j.jhazmat.2019.121974.

Utembe W, Potgieter K, Stefaniak AB, Gulumian M. Dissolution and biodurability: Important
parameters needed for risk assessment of nanomaterials. Part Fibre Toxicol 2015;12.
https://doi.org/10.1186/s12989-015-0088-2.

Vazquez-Muiioz R, Borrego B, Judrez-Moreno K, Garcia-Garcia M, Mota Morales JD,
Bogdanchikova N, et al. Toxicity of silver nanoparticles in biological systems: Does the
complexity of biological systems matter? Toxicol Lett 2017;276:11-20.
https://doi.org/10.1016/j.toxlet.2017.05.007.

Wang Y, Ding X, Chen Y, Guo M, Zhang Y, Guo X, et al. Antibiotic-loaded, silver core-
embedded mesoporous silica nanovehicles as a synergistic antibacterial agent for the
treatment  of  drug-resistant  infections. Biomaterials  2016;101:207-16.
https://doi.org/10.1016/j.biomaterials.2016.06.004.

XueY, Zhang S, Huang Y, Zhang T, Liu X, Hu Y, et al. Acute toxic effects and gender-related
biokinetics of silver nanoparticles following an intravenous injection in mice. Journal of
Applied Toxicology 2012;32:890-9. https://doi.org/10.1002/jat.2742.

Yapijakis C. Hippocrates of Kos, the Father of Clinical Medicine, and Asclepiades of Bithynia,
the Father of Molecular Medicine. 20009.

Ying W, Tan J, Chen C, Sun T, Wang S, Zhang MS. Biofabrication of silver nanoparticles and
its application for development of wound dressing system in nursing care for burn injuries
in children. J Drug Deliv Sci Technol 2019;54.
https://doi.org/10.1016/j.jddst.2019.101236.

262


https://doi.org/10.1111/cbdd.12876
https://doi.org/10.1186/s12951-017-0308-z
https://doi.org/10.1186/s12989-015-0088-2
https://doi.org/10.1016/j.toxlet.2017.05.007
https://doi.org/10.1016/j.biomaterials.2016.06.004
https://doi.org/10.1002/jat.2742
https://doi.org/10.1016/j.jddst.2019.101236

