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Introduction  

 Silver nanoparticles (AgNPs) have exhibited significant 

efficacy in suppressing the proliferation of diverse pathogenic 

microorganisms. Due to their robust antimicrobial characteristics, they 

have become highly prized resources in various biotechnology 

domains. The production of AgNPs can be accomplished through 

various means, including physical, chemical, and biological processes. 

Each approach has its own set of benefits and drawbacks.
1,2

 A 

comprehensive comprehension of techniques for synthesizing AgNPs 

was achieved through an extensive literature review, which involved 

an in-depth analysis of the vast array of scholarly research available on 

the subject matter. AgNPs have been identified as a reliable and 

effective remedy for various prevalent issues, such as antiviral, 

antibacterial, anticancer, dental applications, bone healing, and bone 

cementing.  
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The inherent antibacterial, antiviral, and anticancer characteristics of 

multifaceted nanoparticles have led to their application in various 

biological contexts.
3
  

The biosynthesis of AgNPs utilizing biomolecules such as 

enzymes/proteins, amino acids, carbohydrates, and vitamins has 

emerged as a simple, effective, economical, and environmentally 

friendly approach. This method leverages the properties of bacteria, 

fungi, as well as plant extracts, and small biomolecules like amino 

acids and vitamins.
2,4,5

 Interestingly, certain AgNPs have exhibited 

exceptional efficacy against diverse bacteria species that have 

developed high levels of resistance to conventional pharmaceuticals.
6,7

 

Furthermore, nanoparticles have demonstrated their potential as 

carriers for delivering antimicrobial medications to infected organs 

within the body, capitalizing on their incredibly small size.
8,9

 It is 

plausible that these biogenic nanoparticles may serve as viable 

alternatives to existing medications, which bacteria have evolved 

resistance against. 

In addition to their biomedical applications, these non-toxic 

nanoparticles offer a promising solution to address the issue of 

microbial contamination in drinking water.
10

 Every year, millions of 

individuals, particularly in developing nations, suffer from waterborne 

diseases caused by microbial contaminants. In this regard, AgNPs 

have shown remarkable potential as an effective water disinfectant, 

enabling the provision of clean and safe drinking water, free from 

harmful microbes, and suitable for human consumption. By harnessing 

the disinfecting capabilities of these nanoparticles, we have the 

opportunity to make a significant impact on global public health.
2,10,11
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Silver nanoparticles (AgNPs), with unique properties and diverse uses from antimicrobials to 

drug carriers, have gained prominence. This study examined the anti-cancer and anti-bacterial 

properties of biogenic AgNPs produced from the filtrate of Aspergillus flavus. AgNPs (0–200 

μg/mL) were assessed against fibroblasts and breast cancer cell lines (MDA-MB-231). AgNPs 

were antiproliferative to MDA-MB-231 cells at 6 μg/mL and above but cytotoxic to fibroblasts 

at 12 µg/mL and beyond. MDA-MB-231 cells were treated to the marginally effective 

concentration of AgNPs, 3 μg/mL, in order to evaluate gene regulation. However, there was a 

significant downregulation of cyclin D1 and BCL-2. Nevertheless, MDA-MB-231 cells treated 

with 3 μg/mL AgNPs exhibited a significant increase in the pro-apoptotic caspase 3 genotype. 

After MDA-MB-231 cells were subjected to 3 µg/mL AgNPs, the pro-inflammatory cytokines 

IL-1β and IL-6 were significantly downregulated. At 3 μg/mL, AgNPs raised TNF-α, an anti-

inflammatory cytokine. AgNPs exhibited substantial antibacterial efficacy against all examined 

bacterial strains through the implementation of the disc diffusion methodology. However, the 

MIC data for AgNPs' antibacterial activity showed that Salmonella enterica, Salmonella typhi, 

Staphylococcus epidermidis, and Staphylococcus aureus were the highest influenced stains, with 

Minimum Inhibitory Concentration (MIC) value of 6.38 μg/mL, whereas Escherichia coli 

ATCC 25922, Pseudomonas aeruginosa, and Escherichia coli ATCC 10145 had MIC value of 

19.15 μg/mL. In conclusion, AgNPs from A. flavus have potential antibacterial effects against 

various pathogens and showed cytotoxicity against MDA-MB-231 breast cancer cells, indicating 

wide-ranging biological relevance.  
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AgNPs have also demonstrated promising anticancer activity, making 

them a subject of intense research in the field of oncology.
12,13

 AgNPs 

exhibit selective cytotoxicity towards cancer cells while sparing 

normal cells, which is attributed to their unique physicochemical 

properties.
14,15

 These nanoparticles have been shown to induce 

apoptosis, inhibit cell proliferation, and interfere with angiogenesis, 

thus hampering tumor growth. Moreover, AgNPs possess the ability to 

target and penetrate cancer cells due to their small size and surface 

charge, leading to increased accumulation and drug delivery within the 

tumor microenvironment.
12

  

Although substantial progress has been made in researching the 

anticancer and antibacterial activities of AgNPs, there are still gaps in 

our understanding and areas that require further exploration. Given the 

immense potential of AgNPs as therapeutic agents against cancer and 

drug-resistant bacteria, it is crucial to conduct additional investigations 

to fully comprehend their capabilities and enhance their effectiveness. 

In this study, our objective was to examine the anti-cancer and 

antibacterial properties of biogenic AgNPs synthesized using 

Aspergillus flavus. 

 

Materials and Methods 

Bacterial strains and reagents 

Sigma-Aldrich supplied all of the chemicals and media used. The 

organisms used in the antibacterial assay were Gram-positive and 

Gram-negative. All of these strains were collected from the Karak 

Government Hospital (KGH) and identified using a Highly Automated 

System for Identification and Antimicrobial Susceptibility Testing 

(BIOM'RIEUX) such as VITEK® 2 Compact. The strains of bacteria 

were kept alive by subculturing them on nutrient agar regularly and 

keeping them at 4℃ before use. All solutions were prepared with 

deionized water of the highest purity.
16

 

 

Generation of AgNPs by Aspergillus flavus and its characteristics           

The presence of A. flavus, a species of fungus, was detected in the 

supply warehouses located on the campus of the University of Mutah 

in Jordan, as concluded by the investigation conducted by Al-Soub et 

al.
6
 For the screening of AgNPs, the methodology described by 

Gurunathan et al
17

 was employed. In brief, the fungal isolates were 

cultivated aerobically at 37°C for varying periods in suitable media. 

Subsequently, the cells were suspended in a sterile medium and 

centrifuged at 10,000 rpm for 20 minutes to obtain a fungal extract. 

Following centrifugation, the supernatant was mixed with 1 mM silver 

nitrate in a 1:1 ratio, and the pH of the reaction mixture was adjusted 

to 8.5. The resulting mixtures were then agitated at 37°C in the dark, 

with shaking at 200 rpm, until a transition from pale yellow to dark 

brown coloration occurred. The initial color change from bright yellow 

to brown was used as an indicator for the formulation and was further 

verified through UV-Vis spectroscopy. To examine the size and 

dispersion of the nanoparticles, a Transmission Electron Microscope 

(TEM) was utilized.
6,18

 Further characterizations of the AgNPs 

properties, including morphology, Zeta potential, Zeta sizer, FT-IR, 

and XRD analyses, were performed and documented in our previously 

published article by Al-Soub et al.
6
 

 

Cancer cell lines culture 

Humans’ breast cancer cell line MDA-MB-231 (ATCC HTB-26) and 

human periodontal ligaments fibroblasts cell lines (PDL) were 

employed. All of the cell lines were propagated in DMEM with 10% 

fetal bovine serum (FBS), 10 mM HEPES Buffers, 100 µg/L L-

Glutamines, 50 µg/L Gentamicin, 100 µg/L Penicillin, and 100 mg/L 

Streptomycin in a humidified 5% CO2 incubator at 37°C.  

 

Cytotoxicity assay 

Every cell was grown in a humidified, 37°C, 5% CO2 incubator. First, 

75 mL flasks containing all the cells were rinsed with 3-5 mL of 

phosphate buffer saline (PBS), and then 1-2 mL of trypsin were added 

until the cells detached. Each cell line received an equal amount of 

fresh medium, which was then gently pipetted to break up any clumps 

and guarantee a consistent single-cell suspension. Harvesting and 

counting of cells for each cell line, the frequency and ratio of cell 

propagation were anticipated. Once the appropriate number of cells 

had been reached, the cells were propagated every two to three days. 

When counting cells, 100 µL of 4% (w/v) trypan blue dye was 

combined with 25 µL of the extracted cells. The cell suspension was 

then placed at the edge of a hemocytometer counting chamber.
19,20

 

The cytotoxicity was evaluated by using the MDA-MB-231 cell line 

which was obtained from the research lab at the Pharmacological and 

Diagnostic Research Center, Faculty of Pharmacy, Al-Ahliyya 

Amman University, Amman, Jordan. Cell toxicity was measured after 

exposure to AgNPs (3-200 µg/mL). After 24 hours of incubation at 37 

°C in DMEM at a cell density of 1× 10
4
 per well, the cells were split 

into fresh DMEM with varying concentrations of AgNPs for an 

additional 48 hours. To conduct the MTT experiment, we first 

withdrew the media from the wells and then incubated the cells for 4 

hours at 37 °C in 20 µL of MTT solution (5 mg/ml). After discarding 

the MTT solution, insoluble formazan crystals were dissolved by 

adding 200 µL of dimethyl sulfoxide (DMSO). At 570 nm and 630 

nm, optical density was determined. Information was collected from 

three independent wells. Primary cell cultures of human periodontal 

ligament fibroblasts (PDL) (which were also obtained from the 

research lab at the Pharmacological and Diagnostic Research Center, 

Faculty of Pharmacy, Al-Ahliyya Amman University, Amman, 

Jordan) were used to confirm the selective cytotoxicity. Assays were 

run in triplicate, and the IC50 antiproliferative activities were 

presented as the means standard deviations (n=3).
20

 

 

Gene expression level assay 

MDA-MB-231 cell line was plated at a density of 1 × 10
6
 cells/well in 

6-well plates.
21

 The genes for IL-6, IL-1β, TNF-α, Cyclin D1, BCL-2, 

and caspase-3 After 24 hours of incubation with the selected 

concentrations of AgNPs, fold changes were calculated.
22

 

Ribonucleic Acid (RNA) Extraction and Analysis 

RNeasy Mini kit was used to isolate total RNA (QIAGEN, USA). Cell 

pellets were removed from -80°C storages, defrosted on ice, and then 

resuspended in 500 μL 2-mercaptoethanol-containing lysis solutions. 

To remove cellular debris, 500 μL of 70% ethanol solution was added 

to the lysate filtrate and vortexed thoroughly. Next, the cell lysates 

were transferred to RNeasy Mini spin columns and spun for 15 

seconds at 10,000 revolutions per minute. A binding column held 

captured RNA molecules in their whole. After the flow-through 

liquids had been discharged, the collecting tubes were returned to a 

binder column. The wash process was repeated thrice. After then, a 

new collecting tube was employed to contain the binding columns. To 

extract the RNA, 50 μL of RNase-free water was poured directly into 

the membranes of the spin columns and centrifuged for one minute at 

10,000 rpm. Refined RNA was instantly collected and kept at -80°C. 

Using Nanodrop ND-1000 spectrophotometers, the concentrations and 

purity of recovered total RNA were evaluated (Thermo Scientific, 

Wilmington, USA). 260 nm and 280 nm optical densities were 

calculated. For the vast majority of RNA-isolated samples, the ratio 

(A260/A280) fell between 1.8 and 2.1.
2,23

 

Complementary Deoxyribonucleic Acid (cDNA) synthesis 

cDNA was produced using a reverse transcription process (Applied 

Biosystem, USA). Two micrograms of total RNA and 1 μl of 

oligodeoxythimidine primers were added to a microcentrifuge tube 

and heated for five minutes at 65 °C on a thermocycler C 1000 (Bio-

Rad, USA). They were immediately centrifuged and placed on ice. 

The 20 μl reaction solution was made using the following chemicals: 

1.4 μl of 25 mM MgCl2 and 4 μl of a mixture of 10 mM dNTPs. Avian 

myeloblastosis virus reverse transcriptase (1 μL), recombinant 

RNasin® ribonuclease inhibitor (1 μL), reversed transcriptase 10x 

buffers (2 μL) (AMV-RT). The temperature requirements for cDNA 

synthesis were as follows: Microcentrifuge tubes were incubated at 

37°C for thirty minutes. To denature the RNA template and inactivate 

proteins, the reaction mixture was initially heated for five minutes at 

95°C. Following a 5-minute incubation time at 4°C, microcentrifuge 

tubes were stored at -80°C for further analysis. The concentration and 

purity of cDNA were determined using a Nanodrop ND-1000 

spectrophotometer. The absorbance readings were taken at 260 nm and 

280 nm, and the A260/A280 ratio was calculated. The majority of the 

recovered cDNA specimens exhibited A260/A280 ratios between 1.6 

and 1.8, indicating good purity.
24
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Table 1: List of primer sequences used for selected genes. 
 

Gene name or symbol Primer sequence References  

Cyclin D1 Forward: 5'-ACC TGA GGA GCC CCA ACA A-3' 

Reverse: 5'-TCT GCT CCT GGC AGG CC-3' 

49
 

IL-6 Forward: 5′-GGTACATCCTCGACGGCATCT-3′ 

Reverse: 5′-GT GCCTCTTTGCTGCTTTCAC-3′ 

21
 

IL- 1β Forward: 5'- ATGGCAACTGTTCCTGAACTCAAC -3' 

Reverse: 5'- CAGGACAGGTATAGATTCTTTCCTTT -3' 

21
 

TNF-α Forward: 5'- ATGAGCACAGAAAGCATGATCCG -3' 

Reverse: 5'- TCACAGAGCAATGACTCCAAAGTAG -3' 

21
 

BCL-2 

 

Forward: 5'-AAG CCG GCG ACG ACT TCT-3′  

Reverse: 5'-GGT GCC GGT TCA GGT ACT-3′ 

50
 

caspase-3 Forward: 5′-AGCAAACCTCAGGGAAACATT-3′ 

Reverse: 5′-CTCAGAAGCACACAAACAAAACT-3′ 

50,51
 

 

Relative Quantitative RT-PCR Analysis 

For relative-quantitative analyses of mRNA expression rates of the 

studied enzyme, quick SYBR green kappa master mixes were utilized 

(Biosystem, USA). In each PCR reaction, 200 nM of the forward and 

reverse primers were combined with 1x KAPA SYBR greens quick 

masters' solution, 1-2 L of cDNA templates, and a final volume of 20 

L. The primer combination sequences utilized are listed in Table 1. 

For the PCR amplifications, the IQ5 multicolor real-time PCR 

detection system (Bio-Rad, USA) was utilized. Every method resulted 

in melting curves between 70 and 95℃. As an internal reference gene, 

glyceraldehyde-3-phosphates dehydrogenase (GAPDH) was used to 

normalize the expressions of the studied genes. The efficiency of the 

PCR reaction was tested utilizing the approach of calibrating curves 

for quantitatively comparable data. Pffafl was used to determine the 

data for the expression level of mRNA.
25

  

 

 
Whereby 

 
and the amplification efficiency was calculated using the following 

formula: 

 
In one instance, the effectiveness was 2 (the effectiveness of both the 

targets and references genes is equal to 2), and the slopes were -3.32 if 

the number of references and targeted DNA areas are doubling each 

cycle which is calculable assuming: 

 
The results were obtained from three independently performed 

experiments. 

 

Antibacterial activity of AgNPs 

Gram-positive bacteria (Staphylococcus epidermidis and 

Staphylococcus aureus) and Gram-negative bacteria (Pseudomonas 

aeruginosa, Escherichia coli, Pseudomonas aeruginosa (ATCC 

10145), Escherichia coli (ATCC 25922), Salmonella enterica (ATCC 

13076), and Salmonella typhi (ATCC 14028)) were tested against the 

biosynthesized AgNPs. All of the bacterial strains were stored on MH 

agar until needed. The Kirby-Bauer disc diffusion susceptibility test 

was used to assess the antibacterial activity of AgNPs against 

pathogenic microorganisms. Bacteria were spread on Mueller-Hinton 

agar (MHA) using sterilized cotton swabs (Merck, Germany). The 

sterilized disc (6 mm) contained AgNPs (5 μg/disc), or a negative 

control (DMSO). After 24 hours at 37°C, the plates were removed and 

the inhibitory zone diameter measured in millimeters. Each sample 

underwent three independent tests.
5,16,19,26

 

 

MIC determination  

The broth microdilution method established by the Clinical Laboratory 

Standards Institute was used to calculate AgNPs' MIC, which is the 

lowest concentration at which no bacterial growth is detected (Wayne 

and Clinical and Laboratory Standards Institute 2012). In duplicate, 96 

well microtiter plates were used to culture bacteria in nutritional broth. 

5×10
5
 CFU ml-1 was the final bacterial concentration in each 

microtitre plate well. AgNPs from 0.016 to 1024 μg/mL were tested 

on various microorganisms. The experiment included two controls: a 

sterile broth and a broth with bacterial inoculum. Bacterial microtitre 

plates were incubated at 37 °C for 24 hours. After that, manual 

calculation estimated MIC values.
27–29

 

Statistical analysis 

Using the non-parametric Mann-Whitney test, any significant group 

differences were determined. In addition, Dunnett's post hoc test was 

utilized following a one-way analysis of variance (ANOVA) for 

normally distributed data. The analysis of the data with SPSS 22 

(SPSS, Inc., USA). The remaining results were presented as the means 

and standard deviations (SD) of three to four independent experiments. 

After doing an ANOVA in GraphPad Prism, Dunnett's post hoc test 

was utilized to analyze the statistical differences between the control 

and treatment groups. In all statistical studies, a p-value less than 0.05 

was regarded as statistically significant. If the p-value was less than 

0.001, a statistical difference was considered to be very significant.
30

 

 

Results and Discussion 

Silver nanoparticles (AgNPs) biosynthesis 

The airborne fungus was initially isolated from the warehouses of the 

Supplies and has been identified as A. flavus, according to the findings 

of the investigation. A dark brown color was formed when the fungal 

filtrate was incubated with silver nitrate (AgNO3), whereas control 

samples stayed constant during the 24-120 hours’ incubation period 

(Figure 1a). UV-vis absorption spectra (UV-vis) of the fungal filtrate 

were measured (Figure 1b).  The UV-vis spectrum as in Figure 1b 

shows the peak of SPR for AgNPs at 427 nm. The AgNPs were 

discovered to be reliable in their native form, with no detectable 
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modifications. The TEM pictures (Figures 2a and 2b) demonstrate that 

the tested particles are made up of a variety of tiny objects, each 

smaller than 0.5 m in size. The nanoparticles seen in the TEM image 

are typically less than 35 nm in size and are almost spherical. 

The filtrate derived from A. flavus biomass proficiently facilitated the 

synthesis of AgNPs from AgNO3, evident through a noticeable 

transition in color from a pale yellow shade to a deep brown hue. Our 

research team previously scrutinized the attributes of AgNPs 

biogenetically generated through A. flavus extracellular filtrate, 

employing techniques encompassing UV-Vis spectrophotometry, zeta 

sizer, FTIR, and transmission electron microscopy (TEM).
6
 According 

to FTIR analysis, bioactive functional groups of AgNPs which can be 

derived from biomolecules such as proteins, enzymes, or 

hydrocarbons, can interact with the surface of AgNPs and impact their 

stability, reactivity, and interactions with biological systems. The 

effects of bioactive functional groups on AgNPs' bioactivities include 

stabilization, biocompatibility, targeting, cellular interactions, 

biological activity, and toxicity and safety.
2,31

  

 

AgNPs cytotoxic activity study 

Various concentrations of the bio-fabricated AgNPs, including 3, 6, 

12, 25, 50, 100, and 200 µg/mL, were evaluated against a fibroblast 

cell line that served as a control and an MDA-MB-231 cell line 

(Figures 3 and 4). There was a decrease in the cell viability of 

fibroblast cell lines that had been exposed to AgNPs at concentrations 

of 12 µg/mL or higher.  However, a concentration-dependent 

inhibition took place, and it was determined that these cells reached a 

40% reduction in viability when exposed to 200 µg/mL of AgNPs. 

Fibroblast cells were not significantly affected by the presence of 3 

and 6 µg/mL of AgNPs. In contrast, all concentrations of AgNPs led 

to a significant decrease in the cell viability of MDA-MB-231, with 

the exception of a concentration of 3 µg/mL, which led to a fall in cell 

viability of 20%. This was the only concentration that did not lead to a 

loss in cell viability. The value for the IC50 was determined to be 

37.75 µg m-1 (Figure 3). As a consequence of this, the MDA-MB-231 

cell lines were subjected to additional testing for the purpose of 

researching gene expression. The findings of this research indicated 

that the air-born A. flavus cell filtrate had the ability to create AgNPs 

that possessed antibacterial, anti-inflammatory, and anticancer 

potential.  

 

Effect of AgNPs on Expression of Genes in MDA-MB-231 Cells 

Pro- and Anti-Apoptotic genes  

MDA-MB-231 cells were used in this study to investigate the impact 

of AgNPs on the expression of pro- and anti-apoptotic genes (Figure 

5). MDA-MB-231 cells were treated with AgNPs at a concentration of 

3 µg/mL for 24 hours. In the MDA-MB-231 cell line that was 

subjected to different concentrations of AgNPs, the effect of 3 µg/mL 

of AgNPs showed that there was a statistically significant elevation of 

caspase 3, the pro-apoptotic genotype. This was in comparison to cells 

that had not been treated. The findings suggest that anti-apoptotic 

genes, such as BCL-2 and cyclin D1, have been deregulated to some 

degree. Our investigations with caspase-3 showed that apoptosis might 

be triggered in MDA-MB-231 cancer cells by the presence of AgNPs. 

 

Expression of IL-beta, IL-6, and TNF-α  

The treatment of MDA-MB-231 cells with AgNPs resulted in lower 

levels of IL-1β and IL-6 while simultaneously increasing levels of 

TNF-α (Figure 5). When compared to untreated cells, the pro-

inflammatory cytokines IL-1β and IL-6 were significantly 

downregulated in the MDA-MB-231 cell line after exposure to AgNPs 

at a concentration of 3 µg/ml. In addition, the anti-inflammatory 

cytokine TNF-α was considerably increased when the AgNPs were 

present at a concentration of 3µg/mL. 

Toxicological studies describing cell responses to harmful chemicals 

require the cell viability assay, which can reveal details about the 

metabolic activity, cell death, and survival.
32

 Both the MDA-MB-231 

cell and the fibroblast cell lines were tested with AgNPs at a variety of 

dosages (0-200 µg/mL) for 24 hours, and the results point out that 

AgNPs were capable of lessening the MDA-MB-231 cells viability on 

a dose-reliant way. Concentrations of 12 µg/mL or higher of AgNPs 

were required to cause cytotoxicity in fibroblasts; whereas, 

concentrations of 6 µg/mL or higher caused antiproliferative effects in 

MDA-MB-231 cells. Fungi may biosynthesize nanoparticles quickly 

and efficiently; these particles might be more cytotoxic to cancer cells 

than to fibroblasts. Our results were in line with a prior work by 

Gurunathan et al.
33

 which demonstrated that AgNPs had stronger 

cytotoxicity than AgNO3 and showed dose-dependent cytotoxicity in 

human Chang liver cells. Depending on the kind of cell and the size of 

the nanoparticles utilized, the amount of metabolic activity in cells 

treated with AgNPs was decreased.
34

 There is evidence that colloidal 

silver has a dose-dependent cytotoxic effect on MDA-MB-231 breast 

cancer cells.
35

 

 

 
Figure 1: After optimization, biosynthesis of AgNPs utilizing 

1 mM AgNO3 and filtrate devoid of fungal biomass. (A) color 

alteration, and (B) UV-Visible spectra 

 

 
Figure 2: TEM Image of biosynthesized AgNPs. 

Magnification (A) 30,000x, (B) 80,000x 
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Table 2: Antibacterial activity of AgNPs synthesized by A. 

flavus filtrate as measured by Inhibition Zones (mm) and 

Minimum Inhibitory Concentration (µg/mL). 
 

Bacteria AgNPs 

Inhibition 

zone (mm) 

MIC 

(µg/mL) 

Salmonella enterica (ATCC 13076) 17.5 ± 0.5 6.38 

S. typhi (ATCC 14028) 15.5 ± 0.5 6.38 

S. aureus  18.5 ± 0.5 6.38 

E. coli 14.0 ± 0.0 19.15 

E. coli ATCC 25922 13.5 ± 0.6 19.15 

S. epidermidis 17.5+0.7 6.38 

P. aeruginosa 12.5 ± 0.5 19.15 

P. aeruginosa ATCC 10145 12.3 ± 0.3 19.15 

 

 
Figure 3: The antiproliferative activity of AgNPs on the 

Fibroblast cell line based on MTT assay. The result represents 

the percentage of cell viability under different concentrations 

of AgNPs. 
 

 
Figure 4: The antiproliferative activity of AgNPs on the 

MDA-MB-231 cell line based on MTT assay. The result 

represents the percentage of cell viability under different 

concentrations of AgNPs. 
 

 

In addition, the MDA-MB-231s were exposed to 3 µg/mL of AgNPs 

to examine the treatment's effects on gene regulation. The MTT 

experiment demonstrated the cytotoxicity of AgNPs against the MDA-

MB-231 cells in a dose-related fashion. This confirmed the significant 

anticancer activity of the nanoparticles at low doses. On the other 

hand, it was shown that anti-apoptotic genes including cyclin D1 and 

BCL-2 had undergone several folds of downregulation. We looked 

into the potential impact that AgNP might have on the apoptotic 

pathway by measuring the activity of caspase-3 in MDA-MB-231 cells 

after treatment with AgNP. The MDA-MB-231 cell line was exposed 

to different doses of AgNPs, and the effect of 3µg/mL AgNPs 

revealed that caspase 3, a genotype linked to pro-apoptotic behavior, 

was markedly elevated. The activation of caspase-3 has been 

demonstrated to be a key component of numerous apoptotic 

pathways.
36

 This rise in caspase-3 activity, which was achieved by 

utilizing 3µg/mL AgNPs, demonstrates that a considerably lower 

concentration of AgNPs than 3µg/mL AgNPs is required to activate 

caspase-3.
33

 Given that the AgNPs appear to have an effect on cellular 

metabolic activity, the likelihood of apoptosis stimulation by the 

AgNPs was investigated, particularly at concentrations of 3 µg/mL of 

AgNPs or lower. Caspase 3 activation at high levels provided obvious 

evidence that AgNPs were responsible for the cells' apoptotic demise. 

The administration of AgNPs results in a decrease in both IL-1 and IL-

6 levels while increasing TNF-α. TNF-α, a key therapeutic target in 

several chronic inflammatory disorders,
37,38

 also links inflammation 

and cancer and appears to be a critical mediator in this association.
39

 

Other investigations have demonstrated that particular bioactive 

substances can have an effect on several anti-apoptotic genes, hence 

preventing these genes from performing their immediate protective 

function against apoptosis and leading to the death of apoptotic 

cells.
40–42

 

 

AgNPs antibacterial activity study  

The disc diffusion method  

According to the findings, there was a significant antibacterial activity 

of AgNPs towards all of the bacteria that were used. When tested 

against Gram-positive bacteria, AgNPs showed inhibition zones of 

18.5±0.5 and 17.5±0.7 mm, respectively, for S. aureus and S. 

epidermidis. In contrast, the inhibition zones for Salmonella enterica, 

E. coli, E. coli ATCC 25922, P. aeruginosa, and P. aeruginosa ATCC 

10145 were 17.5±0.5 mm, 14.0±0.0 mm, 13.5±0.6 mm, 12.5±0.5 mm, 

and 12.3±0.3 mm, respectively (Table 2). 

 

Minimal Inhibitory Concentration  

The outcomes of an examination into the antibacterial activity of 

AgNPs that made use of the microdilution method are presented in 

Table 2. Five distinct types of Gram-negative bacteria and two distinct 

types of Gram-positive bacteria were used in this experiment. 
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Figure 5: Effect of AgNPs on the expression of caspase 3, 

BCL2, and Cyclin D1 in MDA-MB-231 cell line, cells were 

treated with 3 µg/mL of AgNPs. The results were expressed as 

a mean of three dependent replicates ± SD. *: p<0.05, 

compared to control untreated cells. 
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Salmonella enterica, S. typhi, S. aureus, and S. epidermidis were the 

most affected stains, which resulted in a MIC of 6.38 µg/mL. In 

contrast, the minimum inhibitory concentration (MIC) for E. coli 

ATCC 25922, P. aeruginosa, E. coli, and P. aeruginosa ATCC 10145 

was found to be 19.15 µg/mL. 

The findings of this study demonstrated that AgNPs are extremely 

effective against every type of bacterium that was tested. AgNPs 

exhibited a variety of inhibitory zones when tested against Gram-

positive and negative bacteria. These zones ranged in size from 12.3 

mm for P. aeruginosa ATCC 10145 to 18.5 mm for S. aureus. 

However, the MIC data for the antibacterial activity of AgNPs showed 

that Salmonella enterica, S. typhi, S. aureus, and S. epidermidis were 

the most impacted stains, with MICs of 6.38 µg/mL, while the MIC 

for the two E. coli strains and both P. aeruginosa strains were 19.15 

µg/mL. It was shown that AgNPs' antibacterial activity differed among 

Gram-positive and Gram-negative bacteria. AgNPs are effective 

against Gram-negative and Gram-positive bacteria, including 

antibiotic-resistant strains of both types of bacteria. When used alone 

or in conjunction with other antibacterial medications, AgNPs have a 

wide variety of modes of action against diverse bacterial pathogens, 

such as E. coli and S. aureus.
43

 Since only a small amount of AgNPs 

were used in this experiment, novel AgNP combinations can be sought 

for use in this therapeutic approach, which has the potential to reduce 

tumor burden and prevent infectious diseases, making it a very flexible 

platform for continuing to fight MDR bacteria. Most antibiotics kill 

bacteria by altering membrane permeability, synthesis, transcription, 

translation, and replication enzymatic pathways.
44

 Target gene 

mutation lowers antibiotic-target enzyme binding affinity. Metallic 

nanoparticles, which have a high surface-to-volume ratio, can treat 

drug-resistant bacterial infections.
9
 Lipopolysaccharide or teichoic 

acid can enhance membrane attraction to NPs' positive charge. AgNPs 

destroy bacteria in different manners, rendering resistance unlikely as 

a result of their different properties, such as shape and size.
9,45,46

 

Triangular AgNPs, for example, are more efficient against bacteria 

than spherical or rod-shaped AgNPs because of the increased contact 

area and molecular binding interactions that result from their smaller 

size.
47

 It has been hypothesized that the colloidal stabilization of 

AgNPs regulates bacterial signal transduction pathways by changing 

the phosphotyrosine balance of the proteins, hence inhibiting bacterial 

growth.
47

 When AgNPs enter a bacterial cell, it has the potential to 

bind to DNA, proteins, and lipids, among other cellular structures and 

biomolecules. Detrimental effects of AgNPs occur on bacteria when 

they interact with biological structures and molecules and 

consequently suppress cell division.
9,29,48

 

 

Conclusion 

The burgeoning interest in AgNPs is driven by their versatile 

properties and potential applications. This research delved into the 

anti-cancer and antibacterial effects of biogenic AgNPs, harnessed 

from the airborne fungus Aspergillus flavus. The study explored 

AgNPs' antibacterial activity against Gram-positive and Gram-

negative strains, revealing a pronounced impact on S. aureus, S. 

epidermidis, S. enterica, and S. typhi (ATCC 14028). Moreover, the 

investigation unveiled the potential cytotoxicity of these biogenic 

particles on MDA-MB-231 breast cancer cells, suggesting that 

airborne fungal-derived AgNPs possess potent cytotoxic attributes, 

thus opening avenues for diverse biological utilities. However, there 

were certain limitations to this study that warrant consideration. 

Firstly, the low number of tested bacterial strains could introduce bias 

in the generalizability of results, potentially overlooking strains with 

varying susceptibilities. Additionally, the exclusive focus on the 

MDA-MB-231 cancer cell line for cytotoxicity assessment might not 

fully represent the diverse range of cancer cell responses. Moreover, 

the absence of in vivo models restricts the translation of findings to 

physiological contexts, and the reliance on single concentrations for 

cytotoxicity testing could overlook dose-dependent effects. Despite 

these limitations, the study contributes valuable insights into the 

potential applications of biogenic AgNPs, warranting further 

investigations for broader implications. 
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