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ABSTRACT 

Silver nanoparticles (AgNPs) are a class of nanomaterials that have been widely used in 

biomedical applications due to their practicality in contemporary society. AgNPs are composed 

of a variety of atoms, ions, and particles, which are characterized by X-ray diffraction (XRD), 

Fourier transform infrared spectroscopy (FTIR), XPS, dynamic light scattering (DLS), 

scanning electron microscope (SEM), transmission electron microscopy (TEM), atomic force 

microscopies (AFM), and a wide range of physicochemical and biochemical properties. Several 

studies have been conducted to evaluate the anti-inflammatory, antioxidant, antibacterial, and 

anticancer properties of AgNP-based nano systems. This review focuses on the recent advances 

in the field of nanotechnology and discusses the current status of silver nanotechnology. 

Keywords : Silver nanoparticles, X-ray diffraction, scanning electron microscope, anti-

inflammatory, antioxidant 

INTRODUCTION  

Silver nanoparticles (AgNPs) have special physical and chemical characteristics, they are being 

employed more and more in a variety of industries, including food, drug, healthcare, consumer, 

and industrial industries. These include of biological qualities, strong electrical conductivity, 

optical, electrical, and thermal characteristics. Due to their peculiar properties, they have been 

applied to a broad range of products and industries, including pharmaceutical, food, and 
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medical device coatings; optical sensors; cosmetics; industrial, household, and healthcare 

products; and finally, they have enhanced the antibacterial properties of anticancer drugs. In 

recent years, AgNPs have been widely used in a variety of fabrics, wound dressings, keyboards, 

and biomedical equipment.(1)(2) 

Metallic nanoparticles have found numerous uses due to their unique capacity to modify 

physical, chemical, and biological features in a significant way because of their surface-to-

volume ratio. To fulfill the need for AgNPs, a range of synthesis strategies have been employed. 

Many people believe that conventional physical and chemical treatments are very expensive 

and dangerous. Interestingly, physiologically generated AgNPs show good production, 

solubility, and stability. Of the various synthetic methods for AgNPs, biological techniques 

seem to be the most simple, fast, safe, dependable, and eco-friendly. In the right conditions, 

they can provide well-defined size and form for translational research.  

All things considered, a green chemical approach seems to have a lot of promise for producing 

AgNPs. (3)(4) 

Following synthesis, the particles must be precisely characterized because their 

physicochemical characteristics might have a big impact on their biological characteristics. It 

is vital to characterize the manufactured nanoparticles prior to use in order to address the safety 

issue and utilize all available nanomaterials for human health, nanomedicine, or other 

industries. Before determining a material's toxicity or biocompatibility, its size, shape, size 

distribution, surface area, form, solubility, aggregation, etc., must be examined. The 

synthesized nanomaterials have been evaluated using a variety of analytical techniques, such 

as dynamic light scattering (DLS), scanning electron microscopy (SEM), transmission electron 

microscopy (TEM), atomic force microscopy (AFM), ultraviolet-visible spectroscopy (UV-

visible spectroscopy), X-ray diffractometry (XRD), Fourier transform infrared spectroscopy 

(FTIR), X-ray photoelectron spectroscopy (XPS), and so on.(5)(6)(7) 

AgNPs' biological activity is determined by a number of factors, such as their surface 

chemistry, size, shape, size/distribution, morphology, composition, coating, rate of 

agglomeration and dissolution, particle reactivity in solution, ion release efficiency, and cell 

type. When it comes to AgNPs' cytotoxicity, reducing agents used during synthesis play a 

critical role. The physico-chemical characteristics of nanoparticles enhance the bioavailability 

of medicinal compounds following both local and systemic administration. However, this may 

have an impact on the therapeutic benefit that results from cellular absorption, biodistribution, 

and biological barrier penetration. For this reason, the creation of AgNPs with regulated 
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structures that are consistent in size, shape, and function is crucial for a range of biomedical 

uses.(8)(9)(10) 

 

 

BACKGROUND:  

Nanotechnology is a scientific and technique focusing on designing, manufacturing, and 

applying nanomaterials. Nanoscale items, typically between 1 and 1000 nm, are considered 

nanomaterials by the European Commission. NPs, such as coinage metals, have unique optical 

characteristics due to Localized Surface Plasmon Resonance (LSPR). Silver, among noble 

metals, has the lowest melting and boiling temperatures and highest electrical and thermal 

conductivities, but is the most reactive and harmful to microorganisms. Silver nanoparticles 

have diverse characteristics, enabling applications in various technical and medical fields like 

solar power, electronics, analytical methods, environmental applications, bioimaging, 

antibacterial/cancer therapies, SERS, and NALDI.(11)(12) 

Various nanoparticles like Cu, Au, Pt, and Pd are considered for plasmonic applications, but 

none can completely replace AgNPs due to their superior plasmonic ability and wide 

wavelength band. Metal sputtering-based AgNPs have the best analyte ion-desorption 

efficiency in NALDI applications. However, Au and Pt nanoparticles are expensive and more 

complex due to their oxidation susceptibility. Metal oxide NPs like ZnO or ZrO2 may 

eventually replace Ag NPs in antibacterial applications. Silver NPs, resistant to Ag+, are rarely 

changed entirely due to their native habitat.(13) 

Many publications lack comprehensive information about the properties and synthesis 

circumstances of Ag nanoparticles (NPs). Only seven plant extracts showed potential to reduce 

Ag+, and no relationship was found between NP characteristics and biological activity. The 

toxicity of NPs is not solely due to Reactive Oxygen Species (ROS), but rather their potential 

harmful paths and interaction with cells.(14)(15) 

METHODS OF SILVER NANOPARTICLES SYNTHESIS : 
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Figure 1 : Synthesis of Silver Nanoparticles(16)(17) 

SILVER NANOPARTICLES FOR DRUG DELIVERY SYSTEMS  

Pharmacokinetics and pharmacodynamics are crucial in medicine, and nanoparticles have been 

explored for drug-delivery systems. AgNP-based nanosystems are suitable for various 

medicinal compounds with anti-inflammatory, antioxidant, antibacterial, and anticancer 

properties. Hybrid molecular units with AgNPs have been chosen for targeted diseases, but the 

process or method used during administration is crucial for specific therapeutic effects.(18)  

Silver is not widely used in nanoparticle-based drug delivery due to challenges with synthesis 

and concerns about toxicity and stability. Gold or other nanomaterials are substituted for silver 

due to its intrinsic anticancer activity. AgNPs have been successfully evaluated as effective 

antitumor drug delivery systems. Strategies like organic water biphasic synthesis, 

microemulsion, radiolysis, and aqueous reduction have been used to prepare biocompatible 
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AgNPs. AgNPs may be used as medication carriers and vaccines to target particular cells or 

tissues, according to recent research.(19)(20) 

Therapeutic Agents delivered via silver nanoparticles 

Antibacterial activity of Silver Nanoparticles: 

Silver nanoparticles (AgNPs) have been used as antibacterial agents since ancient times, with 

studies showing their effectiveness against over 650 pathogens. The main mechanisms of 

action include adhesion onto cell wall and membrane surfaces, penetration of AgNPs inside 

cells, damage to biomolecules and intracellular structures, and generation of reactive oxygen 

species (ROS). AgNPs' positive surface charge and electrostatic interaction with the negatively 

charged cell membrane help them adhere to the cell wall. The antibacterial potential is also 

influenced by the cell wall composition and thickness, with Gram-negative bacteria having a 

stronger antibacterial effect than Gram-positive bacteria. AgNPs can also cause oxidative stress 

in cells by producing ROS and free radicals, which can damage the mitochondrial membrane 

and cause cell death. AgNPs' efficacy depends on dimensions, morphology, zeta potential, 

concentration, and colloidal state.(21)(22) 

Pal et al. investigated the antibacterial effectiveness of AgNPs against E. coli in three distinct 

shapes: triangular, spherical, and rod-shaped. Triangular NPs' greater surface-to-volume ratio 

and crystalline structure made them more active than spherical NPs. Rout et al. used Morus 

leaf extract to create AgNPs in various forms and discovered high reactivity. AgNPs' 

antibacterial activity was found by Sondi and Salopeck-Sondi to be dose-dependent. AgNPs in 

colloidal form shown enhanced antibacterial activity. AgNPs were created by Okafor et al. 

using a green synthesis of extracts from black cohosh, aloe, geranium, and magnolia, and their 

antibacterial effectiveness was examined against various bacterial species.(23)(24)(25) 

 Ahmed et al. synthesized AgNPs using Azadirachta indica leaves and Bagherzade et al. 

synthesized AgNPs using saffron extract. Gomathi et al. found that AgNPs were more effective 

against E. coli due to differences in cell wall membranes in these bacteria. 

AgNPs exhibit antimicrobial activity when combined with antibiotics, with synergistic 

antibacterial activity identified. They also have bactericidal potential when used with 

monoclonal antibodies. AgNPs are most effective against E. Coli and S. Aureus when 

combined with gentamycin. When used with standard antibiotics, AgNPs significantly increase 

antibacterial activity, making them effective against antibiotic-resistant pathogens.(26)(27) 

 

Silver Nanoparticle for wound healing: 
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Wound infections are a major clinical issue affecting patient morbidity, death, and financial 

implications. Preventing surgical site infections and wound dehiscence is crucial in clinical 

practice. External causes can impair skin integrity, leading to permanent impairment or death. 

In healthcare, opportunistic pathogenic microorganism-caused wound infections are growing. 

Rapid tissue healing is essential for managing infected wounds.(28) 

Silver compounds have been used for treating specific illnesses since ancient times. Nanosilver 

offers effective biocide activities against various bacterial strains. However, silver ions are 

inactivated, making it difficult for cells to absorb. Silver ions bind to proteins and can interact 

with bacteria in wound dressings. Experimental data supports nanoparticle skin absorption and 

increased permeation during skin injury. Incorporating biopolymers like collagen or chitosan 

into nanotechnology methods holds promise for wound treatment. Ionic silver modified 

biocomposites like Acticoat™, Bactigras™, Aquacel™, PolyMemSilver™, and 

TEGADERM™ have been approved by the US FDA for wound dressing applications. AgNPs 

can also be used for delayed diabetic wound healing and minor scars.(29)(30) 

Silver Nanoparticle for bone healing: 

Bone-related disorders, such as infections, degenerative, hereditary, cancerous, and fractures, 

affect millions of individuals globally. In osseous tissue replacement procedures, orthopedic 

implants that become contaminated or colonized are a major source of worry. Implanting bone 

grafts can fix or replace significant flaws that have an irreversible impact on the ossifying 

tissue. High levels of inflammation are frequently present in conjunction with orthopaedic and 

bone implant-related infections, leading to implant loss and bone-damaging events. AgNPs 

have demonstrated the ability to support bone-like tissue mineralization and exhibit remarkable 

antibacterial activity, with bacterial resistance standing out. The main component of human 

bone, dentin, and dental finish is crystalline hydroxyapatite (HA), which is utilized in osseous-

related therapeutic and regenerative procedures and is biocompatible with silver. (31)(32) 

AgNPs are often used as doping materials for manufactured and bio-inspired bone platforms, 

with important results being recently detailed. 

The study highlights the potential of antimicrobial AgNPs in bone-tissue design, promoting 

osteogenesis and mesenchymal stem cell (MSC) proliferation to improve bone healing. It also 

highlights the relationship between NP intake and clathrin-dependent endocytosis in MSCs and 

osteoblasts. The study suggests the need for innovative, performance-enhanced implants to 

enhance bone recovery and anticipate clinical side effects.(33)(34) 

Silver Nanoparticles for Dental Applications: 
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Dental caries is a common oral cavity-related condition with financial costs. Nanotechnology 

treatments aim to reduce or eliminate its clinical effect by improving remineralization and 

managing biofilm formation. Dental barrier membranes (DBM) have specialized properties 

and biocompatibility. Metal-coated implants are effective against bacteria causing biofilm 

development and implant failure. Silver nanoparticles, used in dental amalgams and 

implantology, play a significant role in nanomaterial-related restorative, regenerative, and 

multifunctional biomedicine due to their practicality in contemporary society.(35) 

World specialists are exploring the use of silver-based nanostructures to enhance the 

antimicrobial properties of general-use dental materials. While silver has positive effects on 

caries prevention, it can cause tooth recoloration. By reducing the size of AgNPs, the contact 

surface can be expanded, promoting silver's antimicrobial effects and preventing tooth 

recoloration. AgNPs can also be used in orthodontics and therapeutic dentistry, serving as 

filling or denture base materials. They have shown promising results in cement tars, orthodontic 

cements, and dental composites. AgNPs could also be used as biostatic coatings for traditional 

titanium-based dental inserts, but their potential in dentistry requires careful consideration of 

the optimal balance between physicochemical properties and biofunctional performance.(36)(37) 

Benefits Of Silver Nanoparticle Therapy 

Silver nanoparticle therapy has shown promising results in various case studies. One of the key 

benefits of this therapy is its antimicrobial properties, which make it effective in fighting 

against a wide range of pathogens, including bacteria, viruses, and fungi. This makes silver 

nanoparticles a valuable tool in treating infections that are resistant to traditional antibiotics. 

Additionally, silver nanoparticles have been found to have anti-inflammatory effects, which 

can help reduce inflammation and pain in certain conditions. (38) 

Another benefit is their ability to enhance wound healing by promoting cell growth and tissue 

regeneration. Overall, the unique properties of silver nanoparticles make them a versatile and 

effective therapy for a variety of medical applications. (39) 

Case Studies Highlighting Efficacy Of Silver Nanoparticle Therapy 

Several case studies have been conducted to explore the potential benefits of using silver 

nanoparticles in therapy. One study focused on a patient with a chronic wound that was not 

responding to traditional treatments. After applying a silver nanoparticle-based dressing, the 

wound showed significant improvement in healing and reduction of infection. (40)(41) 

In another case study, a patient with a drug-resistant bacterial infection was treated with silver 

nanoparticles as an alternative therapy. The results showed that the nanoparticles effectively 

inhibited bacterial growth and helped in clearing the infection.  
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These case studies highlight the promising efficacy of silver nanoparticle therapy in treating 

various medical conditions and suggest its potential as a valuable treatment option for patients 

resistant to conventional therapies.(42) 

Application in diabetic wound healing 

Silver nanoparticles are widely used in the therapy of diabetic wound healing due to their 

exceptional anti-inflammatory, antibacterial, and antioxidant qualities.  

AgNPs have the best knowledge in the medical field because of their exceptional chemical 

stability, high conductivity, catalytic activity, and localized surface plasma resonance.(43) 

Silver is known to possess antibacterial and anti-inflammatory qualities that aid in the healing 

of chronic wounds, hence AgNPs can also be used as intrinsic therapeutic agents. 

 Additionally, due to AgNPs' broad antibacterial range, it is anticipated that they will have 

excellent potential for promoting wound healing in diabetic conditions.(44) 

AgNPs have many advantages, chief among them being their remarkable efficacy against 

biofilm-forming and multiresistant bacteria, which are often present in chronic wounds.By 

encasing themselves in an extracellular polymeric material that they produce on their own, 

bacteria that form biofilms will become resistant to conventional antibiotics in this regard. 

Silver nanoparticles can be used to functionalize a wide range of items, including bandages, 

gauzes, sutures, plasters, and numerous other lotions and ointments that are used to treat 

wounds. In addition to its antibacterial qualities, silver-treated surgical sutures and textile 

materials showed enhanced wound healing characteristics in vitro, suggesting that silver has a 

beneficial influence on cell migration and proliferation.(45) 

Silver nanoparticles have strong antimicrobial effects, inhibiting the growth of a broad 

spectrum of bacteria, including those often present in diabetic wounds. This helps prevent 

infections, which are common complications in diabetic patients with impaired immune 

responses.(46) 

Chronic inflammation is a characteristic feature of diabetic wounds. Silver nanoparticles have 

demonstrated anti-inflammatory properties, helping to control the inflammatory response in 

the wound area. This can contribute to a more conducive environment for healing.(47) 

Collagen is essential for wound healing and tissue regeneration. Silver nanoparticles can 

stimulate collagen production, aiding in the formation of a robust extracellular matrix and 

facilitating the closure of the wound. 

Diabetes frequently causes blood circulation problems in wounds, which delays healing. 

Angiogenesis, or the creation of new blood vessels, is essential for delivering nutrition and 

oxygen to the wound site, and silver nanoparticles have been shown to support this process.(48) 
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CONCLUSION 

In conclusion, silver nanoparticles (AgNPs) exhibit unique physicochemical properties that 

make them invaluable in various industries, including pharmaceuticals, healthcare, consumer 

products, and industrial applications. Their unusual characteristics have led to their use in 

diverse products such as medical device coatings, optical sensors, cosmetics, and wound 

dressings, as well as in antibacterial and cancer therapy. The synthesis of AgNPs involves 

various techniques, with biological synthesis showing promise due to its safety, reliability, and 

environmental friendliness. Characterizing the nanoparticles is crucial for ensuring their safety 

and effectiveness in various applications, and several analytical techniques are employed for 

this purpose. 

AgNPs have demonstrated significant potential as drug delivery systems due to their unique 

properties, and they have been explored for applications in antibacterial therapy, wound 

healing, bone healing, and dental treatments. The antimicrobial properties and anti-

inflammatory effects of AgNPs make them effective in fighting infections and promoting 

wound healing. Furthermore, case studies have highlighted their efficacy in treating chronic 

wounds and drug-resistant bacterial infections. 

In the realm of medical applications, it is essential to acknowledge the potential benefits of 

AgNPs in diabetic wound healing. Their antimicrobial, anti-inflammatory, and antioxidant 

properties contribute to their effectiveness in promoting wound healing, especially in diabetic 

conditions where chronic inflammation and impaired immune responses are common. 

Additionally, AgNPs have demonstrated capabilities in promoting angiogenesis and collagen 

production, essential for tissue regeneration and wound closure. 

The potential and versatility of AgNPs in various medical applications are intriguing, and 

further research and exploration in this field may yield valuable insights and innovative 

treatment options. This prompts the need for continued research and development to harness 

the full potential of silver nanoparticles for improving healthcare outcomes and addressing 

challenging medical conditions. 

REFERENCES  

1. Gurunathan S, Park JH, Han JW, Kim JH. Comparative Assessment of the Apoptotic 

Potential of Silver Nanoparticles Synthesized by Bacillus Tequilensis and Calocybe 

Indica in MDA-MB-231 Human Breast Cancer Cells: Targeting p53 for Anticancer 

Therapy [Corrigendum]. Int J Nanomedicine [Internet]. 2022 Nov;Volume 17:5207–8. 

Available from: https://www.dovepress.com/corrigendum-comparative-assessment-of-



Kolhe Akshada / Afr.J.Bio.Sc. 6(Si2) (2024)                                                        Page 3605 of 14 
 

  

the-apoptotic-potential-of-silve-peer-reviewed-fulltext-article-IJN 

2. Jadhav K, Deore S, Dhamecha D, Hr R, Jagwani S, Jalalpure S, et al. Phytosynthesis 

of Silver Nanoparticles: Characterization, Biocompatibility Studies, and Anticancer 

Activity. ACS Biomater Sci Eng. 2018;4(3):892–9.  

3. Sharma VK, Yngard RA, Lin Y. Silver nanoparticles: Green synthesis and their 

antimicrobial activities. Adv Colloid Interface Sci [Internet]. 2009;145(1–2):83–96. 

Available from: http://dx.doi.org/10.1016/j.cis.2008.09.002 

4. Khadka P, Ro J, Kim H, Kim I, Kim JT, Kim H, et al. Pharmaceutical particle 

technologies: An approach to improve drug solubility, dissolution and bioavailability. 

Asian J Pharm Sci [Internet]. 2014;9(6):304–16. Available from: 

http://dx.doi.org/10.1016/j.ajps.2014.05.005 

5. Chernousova S, Epple M. Silver as antibacterial agent: Ion, nanoparticle, and metal. 

Angew Chemie - Int Ed. 2013;52(6):1636–53.  

6. Ramezanpour M, Leung SSW, Delgado-Magnero KH, Bashe BYM, Thewalt J, 

Tieleman DP. Computational and experimental approaches for investigating 

nanoparticle-based drug delivery systems. Biochim Biophys Acta - Biomembr 

[Internet]. 2016;1858(7):1688–709. Available from: 

http://dx.doi.org/10.1016/j.bbamem.2016.02.028 

7. Xu C, Wei Y, Li T, Han X, Shen W, Wang C, et al. Research on automatic generation 

turbine control strategy of large wind turbine. Dianli Xitong Baohu yu Kongzhi/Power 

Syst Prot Control. 2017;45(2):69–74.  

8. Murdock RC, Braydich-Stolle L, Schrand AM, Schlager JJ, Hussain SM. 

Characterization of nanomaterial dispersion in solution prior to in vitro exposure using 

dynamic light scattering technique. Toxicol Sci. 2008;101(2):239–53.  

9. Medici S, Peana M, Nurchi VM, Zoroddu MA. Medical Uses of Silver: History, 

Myths, and Scientific Evidence. J Med Chem. 2019;62(13):5923–43.  

10. Shao Y, Wu C, Wu T, Yuan C, Chen S, Ding T, et al. Green synthesis of sodium 

alginate-silver nanoparticles and their antibacterial activity. Int J Biol Macromol 

[Internet]. 2018;111:1281–92. Available from: 

https://doi.org/10.1016/j.ijbiomac.2018.01.012 

11. Gurunathan S, Kalishwaralal K, Vaidyanathan R, Venkataraman D, Pandian SRK, 

Muniyandi J, et al. Biosynthesis, purification and characterization of silver 

nanoparticles using Escherichia coli. Colloids Surfaces B Biointerfaces. 

2009;74(1):328–35.  



Kolhe Akshada / Afr.J.Bio.Sc. 6(Si2) (2024)                                                        Page 3606 of 14 
 

  

12. Maidment ADA, Cormode DP. for Dual-Energy Mammography or Computed 

Tomography. 2020;31(19):7845–54.  

13. Chun S, Grudinin D, Lee D, Kim SH, Yi GR, Hwang I. Roll-to-roll printing of silver 

oxide pastes and low temperature conversion to silver patterns. Chem Mater. 

2009;21(2):343–50.  

14. Manivannan K, Cheng CC, Anbazhagan R, Tsai HC, Chen JK. Fabrication of silver 

seeds and nanoparticle on core-shell Ag@SiO2 nanohybrids for combined 

photothermal therapy and bioimaging. J Colloid Interface Sci [Internet]. 

2019;537:604–14. Available from: https://doi.org/10.1016/j.jcis.2018.11.051 

15. Yang M, Hashimoto K, Fujino T. Silver nanoparticles loaded on ammonium 

exchanged zeolite as matrix for MALDI-TOF-MS analysis of short-chain n-alkanes. 

Chem Phys Lett [Internet]. 2018;706:525–32. Available from: 

https://doi.org/10.1016/j.cplett.2018.07.002 

16. Švecová M, Ulbrich P, Dendisová M, Matějka P. SERS study of riboflavin on green-

synthesized silver nanoparticles prepared by reduction using different flavonoids: 

What is the role of flavonoid used? Spectrochim Acta - Part A Mol Biomol Spectrosc 

[Internet]. 2018;195(2017):236–45. Available from: 

https://doi.org/10.1016/j.saa.2018.01.083 

17. Benyettou F, Rezgui R, Ravaux F, Jaber T, Blumer K, Jouiad M, et al. Synthesis of 

silver nanoparticles for the dual delivery of doxorubicin and alendronate to cancer 

cells. J Mater Chem B. 2015;3(36):7237–45.  

18. Mokhena TC, Luyt AS. Electrospun alginate nanofibres impregnated with silver 

nanoparticles: Preparation, morphology and antibacterial properties. Carbohydr Polym 

[Internet]. 2017;165:304–12. Available from: 

http://dx.doi.org/10.1016/j.carbpol.2017.02.068 

19. Yang CH, Wang LS, Chen SY, Huang MC, Li YH, Lin YC, et al. Microfluidic assisted 

synthesis of silver nanoparticle–chitosan composite microparticles for antibacterial 

applications. Int J Pharm [Internet]. 2016;510(2):493–500. Available from: 

http://dx.doi.org/10.1016/j.ijpharm.2016.01.010 

20. Xing L, Xiahou Y, Zhang P, Du W, Xia H. Size Control Synthesis of Monodisperse, 

Quasi-Spherical Silver Nanoparticles to Realize Surface-Enhanced Raman Scattering 

Uniformity and Reproducibility. ACS Appl Mater Interfaces. 2019;11(19):17637–46.  

21. Li WR, Xie XB, Shi QS, Zeng HY, Ou-Yang YS, Chen Y Ben. Antibacterial activity 

and mechanism of silver nanoparticles on Escherichia coli. Appl Microbiol Biotechnol. 



Kolhe Akshada / Afr.J.Bio.Sc. 6(Si2) (2024)                                                        Page 3607 of 14 
 

  

2010;85(4):1115–22.  

22. Dastafkan K, Khajeh M, Bohlooli M, Ghaffari-Moghaddam M, Sheibani N. 

Mechanism and behavior of silver nanoparticles in aqueous medium as adsorbent. 

Talanta [Internet]. 2015;144:1377–86. Available from: 

http://dx.doi.org/10.1016/j.talanta.2015.03.065 

23. Mukherjee P, Ahmad A, Mandal D, Senapati S, Sainkar SR, Khan MI, et al. Fungus-

Mediated Synthesis of Silver Nanoparticles and Their Immobilization in the Mycelial 

Matrix: A Novel Biological Approach to Nanoparticle Synthesis. Nano Lett. 

2001;1(10):515–9.  

24. López-Carballo G, Higueras L, Gavara R, Hernández-Muñoz P. Silver ions release 

from antibacterial chitosan films containing in situ generated silver nanoparticles. J 

Agric Food Chem. 2013;61(1):260–7.  

25. Bhat R, Deshpande R, Ganachari S V., Huh DS, Venkataraman A. Photo-irradiated 

biosynthesis of silver nanoparticles using edible mushroom Pleurotus florida and their 

antibacterial activity studies. Bioinorg Chem Appl. 2011;2011.  

26. Pomastowski P, Sprynskyy M, Žuvela P, Rafińska K, Milanowski M, Liu JJ, et al. 

Silver-Lactoferrin Nanocomplexes as a Potent Antimicrobial Agent. J Am Chem Soc. 

2016;138(25):7899–909.  

27. Sultana S, Rafiuddin, Khan MZ, Shahadat M. Development of ZnO and ZrO2 

nanoparticles: Their photocatalytic and bactericidal activity. J Environ Chem Eng. 

2015;3(2):886–91.  

28. Ahn EY, Jin H, Park Y. Assessing the antioxidant, cytotoxic, apoptotic and wound 

healing properties of silver nanoparticles green-synthesized by plant extracts. Mater 

Sci Eng C [Internet]. 2019;101(August 2018):204–16. Available from: 

https://doi.org/10.1016/j.msec.2019.03.095 

29. Li WR, Sun TL, Zhou SL, Ma YK, Shi QS, Xie XB, et al. A comparative analysis of 

antibacterial activity, dynamics, and effects of silver ions and silver nanoparticles 

against four bacterial strains. Int Biodeterior Biodegrad [Internet]. 2017;123:304–10. 

Available from: http://dx.doi.org/10.1016/j.ibiod.2017.07.015 

30. Saeed BA, Lim V, Yusof NA, Khor KZ, Rahman HS, Samad NA. Antiangiogenic 

properties of nanoparticles: A systematic review. Int J Nanomedicine. 2019;14:5135–

46.  

31. Brown PK, Qureshi AT, Moll AN, Hayes DJ, Monroe WT. Silver nanoscale antisense 

drug delivery system for photoactivated gene silencing. ACS Nano. 2013;7(4):2948–



Kolhe Akshada / Afr.J.Bio.Sc. 6(Si2) (2024)                                                        Page 3608 of 14 
 

  

59.  

32. Wilson, M.S. , Metink-Kane MM. 基因的改变NIH Public Access. Bone [Internet]. 

2012;23(1):1–7. Available from: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3624763/pdf/nihms412728.pdf 

33. Yan X, He B, Liu L, Qu G, Shi J, Hu L, et al. Antibacterial mechanism of silver 

nanoparticles in: Pseudomonas aeruginosa: Proteomics approach. Metallomics 

[Internet]. 2018;10(4):557–64. Available from: 

http://dx.doi.org/10.1039/C7MT00328E 

34. Pazos-Ortiz E, Roque-Ruiz JH, Hinojos-Márquez EA, López-Esparza J, Donohué-

Cornejo A, Cuevas-González JC, et al. Dose-Dependent Antimicrobial Activity of 

Silver Nanoparticles on Polycaprolactone Fibers against Gram-Positive and Gram-

Negative Bacteria. J Nanomater. 2017;2017.  

35. Jiang Q, Yu S, Li X, Ma C, Li A. Evaluation of local anesthetic effects of Lidocaine-

Ibuprofen ionic liquid stabilized silver nanoparticles in Male Swiss mice. J Photochem 

Photobiol B Biol [Internet]. 2018;178(November 2017):367–70. Available from: 

https://doi.org/10.1016/j.jphotobiol.2017.11.028 

36. Tiwari G, Tiwari R, Bannerjee S, Bhati L, Pandey S, Pandey P, et al. Drug delivery 

systems: An updated review. Int J Pharm Investig. 2012;2(1):2.  

37. Hanh TT, Thu NT, Quoc LA, Hien NQ. Synthesis and characterization of 

silver/diatomite nanocomposite by electron beam irradiation. Radiat Phys Chem 

[Internet]. 2017;139:141–6. Available from: 

http://dx.doi.org/10.1016/j.radphyschem.2017.04.004 

38. Kumar B, Jalodia K, Kumar P, Gautam HK. Recent advances in nanoparticle-mediated 

drug delivery. J Drug Deliv Sci Technol [Internet]. 2017;41:260–8. Available from: 

http://dx.doi.org/10.1016/j.jddst.2017.07.019 

39. Prashob PKJ, Peter P. Multi-Functional Silver Nanoparticles for Drug Delivery: A 

Review. Int J Cur Res Rev [Internet]. 2017;(May). Available from: 

https://www.researchgate.net/publication/317045038 

40. Gudikandula K, Vadapally P, Singara Charya MA. Biogenic synthesis of silver 

nanoparticles from white rot fungi: Their characterization and antibacterial studies. 

OpenNano [Internet]. 2017;2:64–78. Available from: 

http://dx.doi.org/10.1016/j.onano.2017.07.002 

41. Guan Q, Xia C, Li W. Bio-friendly controllable synthesis of silver nanoparticles and 



Kolhe Akshada / Afr.J.Bio.Sc. 6(Si2) (2024)                                                        Page 3609 of 14 
 

  

their enhanced antibacterial property. Catal Today [Internet]. 2019;327:196–202. 

Available from: https://doi.org/10.1016/j.cattod.2018.05.004 

42. Premkumar J, Sudhakar T, Dhakal A, Shrestha JB, Krishnakumar S, Balashanmugam 

P. Synthesis of silver nanoparticles (AgNPs) from cinnamon against bacterial 

pathogens. Biocatal Agric Biotechnol [Internet]. 2018;15:311–6. Available from: 

https://doi.org/10.1016/j.bcab.2018.06.005 

43. Paladini F, Pollini M. Antimicrobial silver nanoparticles for wound healing 

application: Progress and future trends. Materials (Basel). 2019;12(16).  

44. Isaac AL, Armstrong DG. Negative pressure wound therapy and other new therapies 

for diabetic foot ulceration: The current state of play. Med Clin North Am [Internet]. 

2013;97(5):899–909. Available from: http://dx.doi.org/10.1016/j.mcna.2013.03.015 

45. Baltzis D, Eleftheriadou I, Veves A. Pathogenesis and Treatment of Impaired Wound 

Healing in Diabetes Mellitus: New Insights. Adv Ther. 2014;31(8):817–36.  

46. Vijayakumar V, Samal SK, Mohanty S, Nayak SK. Recent advancements in 

biopolymer and metal nanoparticle-based materials in diabetic wound healing 

management. Int J Biol Macromol [Internet]. 2019;122:137–48. Available from: 

https://doi.org/10.1016/j.ijbiomac.2018.10.120 

47. Perrier A, Vuillerme N, Luboz V, Bucki M, Cannard F, Diot B, et al. Smart Diabetic 

Socks: Embedded device for diabetic foot prevention. Irbm. 2014;35(2):72–6.  

48. Choudhury H, Pandey M, Lim YQ, Low CY, Lee CT, Marilyn TCL, et al. Silver 

nanoparticles: Advanced and promising technology in diabetic wound therapy. Mater 

Sci Eng C [Internet]. 2020;112(February):110925. Available from: 

https://doi.org/10.1016/j.msec.2020.110925 

 


