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ABSTRACT:  

There is a rapidly expanding discipline dedicated to the creation of non-biodegradable 

nanoparticles for use in nanomedicine and nanotechnology. The purpose of this study is to 

create and test the efficacy of colloidal silver nanoparticles as an antibacterial and antifungal 

agent. Standard chemical reduction techniques have been used to prepare the colloidal silver 

nanoparticles. The nanoparticles of colloidal silver were studied using TEM, zeta potential, 

photo correlation spectroscopy, and in vitro release kinetics. The resulting particles were 

spherical, with an average particle size between 5 and 50 nm and zeta potentials between -10.0 

and -30.0 mV; their release kinetics followed zero-order kinetics with a correlation coefficient 

of 0.96 or higher. According to the results of the dissolution tests, the release of silver 

nanoparticles is proportional to their size, i.e., the release is higher for smaller particles. These 

findings point to the stability of Ag NPs in pharmaceutical formulations and their potential for 

rapid delivery to the site of infection. There was a wide range of bacterial species that were 

killed by the colloidal silver nanoparticles. Bacteria such as Escherichia coli, Salmonella, and 

Pseudomonas aeruginosa were the focus of the research. Aspergillus and Penicillium's 

antifungal properties were also studied. Nanoparticle cytotoxicity was investigated in human 

fibroblast cells. The results indicated that cytotoxicity depends on concentration. In light of 

these findings, silver nanoparticles may be worth investigating further as a potential 

antibacterial and antifungal agent that would avoid the drawbacks of conventional antibiotics 

while yet being effective. 
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INTRODUCTION 

The production of nanoparticles composed of noble 

metals has garnered growing attention due to their 

unique and distinct properties when compared to their 

macroscopic counterparts. Nanoparticles possess 

numerous advantageous uses across diverse disciplines, 

including but not limited to medicine and biotechnology 

[1]. Upon reaching the nanoscale, silver nanoparticles 

demonstrate unique physicochemical properties and 

biological activity, similar to other nanomaterials. These 

distinctive characteristics can be attributed to their 

exceptionally small size [2, 3]. 

Silver nanoparticles possess several distinctive 

characteristics, including a significantly large surface 

area, minuscule dimensions, and exceptional dispersion 

capabilities. Furthermore, there has been a growing 

interest in colloidal silver solutions owing to its 

antibacterial capabilities, which have direct implications 

in fields such as pharmacology and veterinary medicine, 

among others. The investigation into the interaction 

between metal nanoparticles and microbes is a rapidly 

growing area of study [4]. The antibacterial activity of 

silver nanoparticles is thought to be mediated through 

their absorption and subsequent accumulation within 

bacterial cells, resulting in the shrinking of the 

cytoplasmic membrane or its dissociation from the cell 

wall. In an alternative scenario, it is plausible that silver 

ions might potentially engage in interactions with the 

S–H bonds present in proteins, hence resulting in their 

subsequent inactivation. The attachment of 

nanoparticles to DNA leads to the condensation of 

DNA molecules and subsequent loss of their replicative 

capacity. This phenomenon is likely the primary 

mechanism via which the nanoparticles impede 

bacterial replication [5, 6].  

A fundamental prerequisite in the production of 

colloidal nanoparticles is the comprehension of the 

underlying dynamics that dictate their stability. Particles 

can achieve stabilization through either electrostatic or 

steric means. Steric stabilization is achieved through the 

adsorption of polymers or surfactants onto the surfaces 

of particles, effectively preventing their agglomeration. 

On the other hand, electrostatic stabilization is 

accomplished by capping the particles with charged 

molecules, which establish chemical bonds with or 

chemisorb onto the particles [7, 8].  

It was widely believed that silver powder possessed 

therapeutic properties that might effectively aid in the 

healing of ulcers [9]. In recent years, silver compounds 

have emerged as significant agents in combating wound 

infections, particularly in conjunction with the 

introduction of antibiotics. This work centers on the 

synthesis and characterization of silver nanoparticles, as 

well as the investigation of their antibacterial and 

antifungal properties against four bacterial strains, 

namely Escherichia coli, Staphylococcus coccus, 

Salmonella, and Pseudomonas aeruginosa, along with 

the fungus species Aspergillus and Penicillium [10, 11]. 

The objective of this work is to conduct a concise 

investigation on the cytotoxic effects of several 

colloidal silver nanoparticles on a human fibroblast cell 

line through prolonged exposure.  

 

Materials and methods 

The chemicals used in this study were silver nitrate 

(AgNO3), tri-sodium citrate (Na3C6H5O7), maconci 

agar medium, agarized Czapek Dox, Dulbecco's 

Modification of Eagles Med (DMEM), glutamine, 

penicillin, streptomycin, and MTT dye. These 

chemicals were obtained from Sigma Aldrich. The 

chemical compounds hydrogen chloride (HCl), nitric 

acid (HNO3), and deionized water are being discussed.  

All compounds were utilized without any further 

purification. 

 

Silver nanoparticles preparation  

The manufacture of silver nanoparticles involves the 

reduction of AgNO3 using citrate, following the Frens 

process often employed for the synthesis of gold 

nanoparticles. The 3-neck round bottom flask was 

subjected to a cleaning process with aqua regain, 

followed by rinsing with deionized water. 

Subsequently, the flask was coated with alumina fuel in 

order to block the entry of light. Silver nitrate (AgNO3) 

solutions were subjected to boiling and reflux 

conditions with continuous stirring. In situ, several 

amounts of tri-sodium citrate solutions, ranging from 

38.8 to 40 mM, were introduced. The observed 

phenomenon involved a transition in the solution's 

color, shifting from a state of being colorless to 

assuming a hue of golden yellow. Following the 

alteration in color, the solution underwent reflux for an 

extra duration of 15 minutes. Subsequently, the heat 

source was deactivated, and the solution was agitated 
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until it reached ambient temperature [11, 12]. 

 

Silver Nanoparticles Characterization 

Particle size analyses and Zeta Potential 

Measurements 

The mean diameter of particles and the polydispersity 

index were determined by employing photon correlation 

spectroscopy immediately after the synthesis process, 

while the particles were in solution. The quartz cell of 

the PCS was supplemented with silver nanoparticles. 

The experiment involved the acquisition of duplicate 

measurements at a 90° angle relative to the source of 

incident light. The surface potential of the silver 

nanoparticles was determined by employing a zeta 

potential measurement. In each instance, a mean value 

derived from three distinct measurements was 

documented [13, 14]. 

 

Transmission electron microscopy 

The dimensions and structure of the silver were 

investigated using transmission electron microscopy. 

The microscope was functioning with an accelerating 

voltage of 80 kilovolts. The silver samples were initially 

diluted using distilled water, and a portion of the diluted 

solution was subsequently deposited onto a grid that 

had been coated with carbon. Subsequently, the solution 

was allowed to stand undisturbed for a duration of one 

minute, following which any surplus material was 

eliminated from the grid using the process of blotting, 

utilizing a filter paper. The grids were allowed to dry in 

the grid box for a duration of two hours prior to imaging 

[15, 16]. 

 

Anti- Bacterial activity  

The strains Escherichia coli XL-1 blue, Salmonella XL-

1, Staphylococcus ATCC 2784, and Pseudomonas 

aeruginosa ATCC 2484 were acquired from the 

microbiology department. Bacterial cells were cultured 

for a duration of 24 hours on agar plates using maconci 

medium. Subsequently, the specimens were re-

suspended in Maconci medium until they attained an 

optical density of 0.5 at a wavelength of 595 nm. The 

specimens were subjected to multiple measurements 

under controlled conditions at a temperature of 37 ºC. 

The process of shaking was performed intermittently in 

between measurements, and data collection occurred at 

regular intervals of 30 minutes. Survival was 

determined by evaluating the final data point on the 

growth curve in relation to a control value [17,18]. 

 

Anti-fungal activity  

The antibiogram technique was employed to assess the 

proliferation of fungal cells in the presence of 

mycotoxins. Petri dishes with agarized Czapek Dox 

medium were inoculated by evenly distributing a fungal 

medium over 96 well microplates. The plates were then 

incubated at a temperature of 37ºC for a duration of 24 

hours. The cellular specimens were subjected to varying 

doses of silver nanoparticles, spanning from 10 μM to 

140 μM. The samples were subjected to many 

measurements, conducted at a temperature of 37 ºC, 

with consistent agitation between each subsequent 

measurement. Data collection occurred at 30-minute 

intervals. Survival was determined by evaluating the 

final data point on the growth curve in relation to a 

control value [19-21]. 

 

MTT assay and cytotoxic study 

The HBT68 human fibroblast cells were cultivated in 

Dulbecco's Modification of Eagles Medium 

supplemented with fetal bovine serum and glutamine. 

Subsequently, the cells underwent a triple washing 

procedure using a PBS solution, followed by staining 

with MTT dye. The measurement of solution intensity 

was conducted by determining the relative cell 

viabilities as a proportion of the control. Following the 

completion of the treatment, the cells were introduced 

onto the plate and subjected to incubation for a duration 

of four hours under the conditions of 5% carbon dioxide 

concentration and a temperature of 37 °C. The 

assessment of cell viability was conducted with a 

microplate reader [22-24]. 

 

Result and discussion 

Particle size study  

The measurements of mean particle size diameter and 

polydispersity indices were conducted on solutions 

immediately following synthesis, employing photon 

correlation spectroscopy. The dimensions of the 

colloidal silver nanoparticles, together with their 

granulometric distribution, have been documented and 

quantified in terms of both particle count and occupied 

volume. The data presented in the study indicated that 

the particles had sizes ranging from 5 to 50 nm. The 
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results of the particle size study indicated the existence 

of nanoparticles characterized by low polydispersity 

indices. The size distribution observed in this study 

aligns with the size distributions reported in previous 

studies on nanosystems as documented in the literature 

[25, 26]. Through an examination of dynamic light 

scattering, it becomes evident that silver nanoparticles 

exhibit a limited range of sizes, with an average z-

average ranging from 5 to 50 nm. Furthermore, it is 

shown that the particles with an average z-equivalent of 

20 nm had a uniform size distribution. The findings 

have been compiled and presented in Table 1 and 

visually shown in Figure 1. 

 

Table1: The particle size and particle size distribution 

Sr. No. Sample Number Particle size (nm) PDI 

1. F1 10.01 0.014 

2. F2 15.10 0.147 

3. F3 35.47 0.214 

4. F4 55.00 0.019 

 

 
Figure 1: The particle size and particle size distribution 

 

Zeta potential 

Table 2 and Figure 2 provide a summary of the zeta 

potential readings for all batches in a solution format. 

The nanoparticles that were acquired underwent zeta 

value measurements, which revealed a range of -20.00 

to -30.00 mV. The observed values offer comprehensive 

stabilization of the nanoparticles across various pH 

levels, potentially serving as the primary factor 

contributing to the production of nanoparticles with a 

limited size distribution index. The zeta potentials of the 

silver nanoparticles treated with citrate, along with their 

narrow size distributions, offer compelling evidence of 

their minimal propensity for aggregation. The observed 

behaviour strongly indicates the existence of potent 

electric charges on the surfaces of the particles, which 

serve to impede their tendency to aggregate [27, 28]. 

 

Table 2: Zeta potential 

Sr. No. pH Zeta Potential 

1. 6.0 -10.00 

2. 7.3 -15.10 

3. 8.1 -20.47 

4. 9.0 -30.00 
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Figure 2: Zeta potential 

 

This study demonstrates the stability of colloidal silver 

nanoparticles throughout a broad pH spectrum, 

exhibiting no propensity for aggregation or the creation 

of self-assembled aggregates. This observation 

contradicts the notion that surface modification of the 

particles is obligatory. The phenomenon of charged 

particles interacting through electrostatic repulsive 

forces at significant distances is widely acknowledged 

in the scientific community. 

 

TEM study  

Figure 3 depicts the dimensions and structural 

characteristics of the S1, S2, S3, and S4. The specimens 

were examined via transmission electron microscopy. 

The measurement of particle shape and diameter was 

conducted across several fields. The silver particles 

observed in the electro-micrograph had a spherical 

morphology and have a distinct and consistent particle 

size. The dimensions have been documented as the 

average diameter, as depicted in Figure 3. The silver 

nanoparticles have a distinct spherical morphology, 

characterized by a precisely regulated particle size. 

Furthermore, as anticipated, the particle size is heavily 

influenced by the preparation circumstances. The 

observed particles had an average size ranging from 5 to 

50nm, a finding that aligns with the results derived from 

the Particle Size Distribution data. 

 

 
Figure 3. TEM images of spherical Silver 

 

Anti-Bacterial Study  

The antimicrobial efficacy of S1 was evaluated against 

four prevalent bacterial strains, specifically: Escherichia 

coli, Salmonella, Pseudomonas aeruginosa, and 

Staphylococcus coccus. Optical density measurements 

were employed utilizing a micro-plate reader to 

evaluate the impact of silver nanoparticles on the 

prevention of bacterial growth. This was done across 

various concentrations of the nanoparticles. The 

findings demonstrate the inherent and varied diversity 

in the morphological, physiological, and metabolic 

properties of many bacterial species. 
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Antifungal study  

The antifungal effects of colloidal silver nanoparticles 

were examined through experimental testing. The 

measurements of growth inhibitory concentration were 

obtained by utilizing fractional concentration values. 

The potential antifungal properties of silver ion 

solutions can be attributed to their ability to interact 

with proteins, resulting in protein inactivation, as well 

as their direct interaction with DNA. This interaction 

can induce mutations and hinder the replication capacity 

of DNA. This solution is capable of traversing the cell 

wall with ease due to the minute size of its constituent 

elements. The buildup of substances on the cell 

membrane has the potential to cause cell lysis. 

 

Cytotoxicity 

The qualitative assessment of cellular cytotoxicity in 

human fibroblast cells was conducted using MTT as a 

dye. In Figure 4, the observed cytotoxic behaviour of 

silver nanoparticles varies based on the concentration of 

the silver nanoparticles utilized and the duration of the 

treatment period. The quantitative assessment of the 

cytotoxicity of silver nanoparticles was conducted in 

vitro using the MTT test. Human fibroblast cells were 

exposed to different doses of Ag NPs for evaluation. 

 

Table 3: Cell viability using MTT assay 

 

Sr. No. pH Zeta Potential 

1. 6.0 -10.00 

2. 7.3 -15.10 

3. 8.1 -35.47 

4. 9.0 -25.00 

 

 
Figure 4. The cytotoxicity activity analysis of silver nanoparticles 

 

CONCLUSION 

This study proposes that silver nanoparticles with a 

particle size ranging from 5-50 nm exhibit stability in 

their fluids across a broad pH range. Upon capping 

silver particles with citrate, the distribution of particle 

size became narrower and more monodisperse. The 

dissolution data demonstrates an inverse relationship 

between the size of the silver nanoparticles and their 

release, specifically indicating that the release is 

enhanced with decreasing particle size. The findings 

indicate that the silver nanoparticles are likely to exhibit 

stability within medicinal formulations and possess a 

high likelihood of reaching the site of infection. The 

nanoparticles exhibit a significant antimicrobial activity 

against both bacteria and fungi. The findings provide 

robust data that supports the potential use of silver 

nanoparticles as an alternative antibiotic treatment for 

eradicating various bacterial and fungal strains. This 

approach may offer advantages by mitigating the 

adverse and unintended consequences associated with 

conventional antibiotic therapies. 

 

Funding  

None  

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2023) 13(3), 1389-1396 | ISSN:2251-6727 

 
 

 
 

1395 

Conflict of Interest  

None  

 

REFERENCES  

1. Margalit R, Okon M, Yerushalmi Y, Avidor 

E. Bioadhesive Liposomes for Topical Drug 

Delivery: Molecular and Cellular Studies. J. 

Controlled Release 1992;19:275-287. 

2. Keservani R, Kesharwani RK, Sharma AK. 

Introduction to nanotechnology in drug 

delivery. InDrug Delivery Approaches and 

Nanosystems: Novel Drug Carriers 2020 Feb 

10 (pp. 1-19). CRC Press. 

3. Yerushalmi N, Margalit R. Physicochemical 

Evaluation of a Stability-Driven Approach to 

Drug Entrapment in Regular and in Surface-

Modified Liposomes. Biochem. Biophys. 

Acta.1994; 1189:13-20. 

4. Keservani RK, Sharma AK, Kesharwani RK, 

editors. Drug Delivery Approaches and 

Nanosystems, Volume 1: Novel Drug 

Carriers. CRC Press; 2017 Nov 15. 

5. Ahire E, Thakkar S, Darshanwad M, Misra 

M. Parenteral nanosuspensions: a brief 

review from solubility enhancement to more 

novel and specific applications. Acta 

Pharmaceutica Sinica B. 2018 Sep 

1;8(5):733-55. 

6. Margalit R, Alon R, Linenberg M, Rubin I, 

Roseman TJ, Wood RW. Liposomal Drug 

Delivery: Thermodynamic and Chemical 

Kinetic Considerations J. Controlled Release 

1991;17:285-296. 

7. Margalit R, Okon M, Yerushalmi N and 

Avidor E. Liposome-encapsulated silver 

sulfadiazine (SSD) for the topical treatment 

of infected burns: Thermodynamics of drug 

8. Alivisatos AP, Semiconductor Clusters, 

Nanocrystals and Quantum Dots. Science 

1996;271:933-937. 

9. Keservani, R.K. and Sharma, A.K. eds., 

2019. Nanoparticulate drug delivery systems. 

CRC Press. 

10. Thombre, N.A., Niphade, P.S., Ahire, E.D. 

and Kshirsagar, S.J., 2022. Formulation 

Development and Evaluation of 

Microemulsion Based Lornoxicam 

Gel. Biosciences Biotechnology Research 

Asia, 19(1), pp.69-80. 

11. Ahirrao, S.P., Sonawane, M.H., Bhambere, 

D.S., Udavant, P.B., Ahire, E.D. and Kanade, 

R., 2022. Cocrystal formulation: a novel 

approach to enhance solubility and 

dissolution of etodolac. Biosciences 

Biotechnology Research Asia, 19(1), p.111. 

12. Elechiguerra JL, Burt J, Morones JR, 

Camacho-Bragado A, Gao X, Lara HH, 

Yacaman MJ. Interaction of Silver 

Nanoparticles with HIV-1. J. Nanobiotechnol. 

2005;3:1–10. 

13. Singh VK, Keservani RK. Application of 

nanoparticles as a drug delivery system. 

InNovel Approaches for Drug Delivery 2017 

(pp. 364-389). IGI Global. 

14. Feng QL, Wu J, Chen GQ, Cui FZ, Kim TN, 

Kim JO, Biomed. Mater J. Res. 2003;52:662. 

15. Ahire, E., Thakkar, S., Borade, Y. and Misra, 

M., 2020. Nanocrystal based orally 

disintegrating tablets as a tool to improve 

dissolution rate of Vortioxetine. Bulletin of 

Faculty of Pharmacy, Cairo 

University, 58(1&2), pp.11-20. 

16. Henglein A, Meisel D. Spectrophotometric 

Observations of the Adsorption of 

Organosulfur Compounds on Colloidal Silver 

Nanoparticles J. Phys. Chem. B 1998;102: 

8364. 

17. Keservani RK, Sharma AK, Kesharwani RK, 

editors. Drug Delivery Approaches and 

Nanosystems, Volume 1: Novel Drug 

Carriers. CRC Press; 2017 Nov 15. 

18. Khulbe P, Singh DM, Aman A, Ahire ED, 

Keservani RK. The emergence of 

nanocarriers in the management of diseases 

and disorders. Community Acquired 

Infection. 2023 Apr 19;10. 

19. Gujarathi NA, Bakliwal AA, Rane BR, 

Pathan V, Keservani RK. Nanoencapsulated 

Nasal Drug Delivery System. Topical and 

Transdermal Drug Delivery Systems: 

Applications and Future Prospects. 2023 Feb 

6:235. 

20. Kreibig U, Vollmer M. Optical Properties of 

Metal Clusters. Springer: New York, 1995. 

http://www.jchr.org/


Journal of Chemical Health Risks 

www.jchr.org 

JCHR (2023) 13(3), 1389-1396 | ISSN:2251-6727 

 
 

 
 

1396 

El-Sayed MA. Some Interesting Properties of 

Metals Confined in Time and Nanometer 

Space of Different Shapes. Acc. Chem. Res. 

2001;34:257-264. 

21. Frens G. Controlled Nucleation for the 

Regulation of the Particle Size in 

Monodisperse Gold Suspensions Nature 

Phys. Sci. 1973;241:20-22. Christian GD, 

Feldman FJ. Atomic Absorption 

Spectroscopy Applications in Agriculture, 

Biology and Medicine, John Wiley & Sons, 

Inc., 1970. 

22. Gosavi, S.B., Patil, M.P., Ahire, E.D. and 

Deshmukh, M.D., An Application-based 

Review of Mesoporous Silica Nanoparticles 

for Drug Delivery in the Biomedical Field. 

23. Valcarcel M, Luque de Castro M D, `Flow- 

Injection Analysis principles an applications', 

Ellis Horwood Ltd., Halsted Press a division 

of John Wiley & Sons, 1987. 

24. Thompson M, Walsh JN. Handbook of 

Inductively Coupled Plasma Spectrometry', 

2nd ed., Blackie & Son Ltd., 1989. 

25. Ahirrao SP, Bhambere DS, Ahire ED, 

Dashputre NL, Kakad SP, Laddha UD. 

Formulation and evaluation of Olmesartan 

Medoxomil nanosuspension. Materials 

Today: Proceedings. 2023 Jul 1. 

26. Tenover F, et al. Comparison of traditional 

and molecular methods of typing isolates of 

Staphylococcus aureus. Journal of Clinical 

Microbiology, 1994;32(2):407. 

27. Ahire ED, Surana KR, Keservani RK, Gupta 

AK, Yadav A, Bharti SK, Jaiswal M, Singh 

BK. Current overview of the nutraceutical 

nanoparticulate delivery technology with 

special emphasis on herbal formulation. 

2021;18(3); 184-190.  

28. Uznanski P, et al, Oxidation of photochromic 

spirooxazines by coinage metal cations. Part 

I. Reaction with AgNO3: formation and 

characterisation of silver particles. New 

Journal of Chemistry, 2001. 25(12): 1486-

1494. 

http://www.jchr.org/

