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     Abstract 

Silver nanoparticles (Ag NPs) are well-known for their distinctive optical, electronic, and 

antimicrobial properties, enabling their versatile applications in areas such as biosensors, 

photonics, electronics, drug delivery, and antimicrobial treatments. The biological synthesis 

approach offers a sustainable and eco-friendly alternative to traditional physical and 

chemical methods. Metal and metal oxide nanoparticles derived from plant extracts are 

emerging as promising agents with notable medicinal potential. This study presents a cost-

effective, simple, and eco-friendly method for synthesizing silver nanoparticles (Ag NPs). 

This method reduces silver ions into stable Ag NPs using an aqueous leaf extract of Alcea 

rosea. The synthesized Ag NPs were characterized using various techniques, including UV-

visible, FTIR, XRD, FESEM, and EDX. The Ag NPs demonstrated notable antioxidant, 

antimicrobial, and anticancer properties. They exhibited excellent inhibition of DPPH free 

radical scavenging activity, with an IC50 value of 80.05 ± 1.53 µg/mL. Strong antibacterial 

activity was observed against gram-positive Staphylococcus aureus and gram-negative 

Shigella sonnei, with significant MIC and MBC values. Furthermore, the nanoparticles 

showed potent anticancer activity, with an IC₅₀ of 54.46 ± 1.67 µg/mL against cervical 

cancer cell lines. These findings suggest that the synthesized Ag NPs have promising 

potential for medical applications, especially in drug development. 
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    1. Introduction 

Nanotechnology is one of the remarkable fields of science that focuses on the creation, 

synthesis, and manipulation of particles ranging in size from approximately 1 to 100 nm [1]. 

Nowadays, noble metal nanoparticles have gained significant attention due to their unique 

optical, electrical, mechanical, magnetic, and chemical properties, which distinguish them 

from their bulk counterparts [2]. These distinct characteristics are largely attributed to their 

large surface area and small size. As a result, metallic nanoparticles have found a wide range 

of applications across various fields, including electronics, photonics, and catalysis [3]. 

Various types of nanoparticles, such as copper, iron, titanium dioxide, cadmium sulfide, 

silver, gold, zinc, and others, exhibit unique physicochemical properties [4]. Among them, 

silver nanoparticles (Ag NPs) have attracted considerable interest due to their wide range of 

applications and diverse characteristics, including optical and magnetic polarizability [5], 

electrical conductivity [6], catalytic efficiency [7], antibacterial activity [8], and use in DNA 

sequencing [9]. Several methods have been developed for the synthesis of silver 

nanoparticles, including chemical, microwave-assisted, and electrochemical techniques. 

However, many of these approaches involve high energy consumption and the use of toxic 

chemicals, making purification processes challenging. To address these limitations, eco-

friendly methods have been developed by incorporating biological principles into the 

synthesis process [10]. Green synthesis of silver nanoparticles utilizes environmentally 

benign reducing and capping agents, such as sugars, polysaccharides, alkaloids, and 

flavonoids naturally present in plant extracts [11].   

Alcea rosea, commonly known as hollyhock, is a popular ornamental plant from the 

Malvaceae family, known for its large, vibrant flowers in a variety of colours. It is believed 

to have originated in the tropical regions of Southeast Asia or China. Numerous 

pharmacological studies have demonstrated its analgesic, antimicrobial, and anti-

inflammatory properties [12]. In Iranian traditional medicine, the roots of Alcea rosea have 

been used to treat various ailments, including bronchitis, diarrhoea, constipation, 

inflammation, severe coughing [13]. Ethnobotanical and ethnopharmacological research on 

different Alcea species suggest their potential in treating a wide range of diseases. In herbal 

medicine, A. rosea is also used for managing snake bites, jaundice, malaria, rheumatism, 

renal and urinary tract infections, as well as digestive disorders accompanied by vomiting 

and diarrhoea [14]. 
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Various plant extracts, such as those from Dalbergia spinosa, Buddleja globosa, and 

Argemone mexicana, have been reported in the literature for the green synthesis of silver 

nanoparticles (Ag NPs). In this study, Alcea rosea leaf extract was used to synthesize silver 

nanoparticles, which were characterized using UV–Visible spectroscopy, FTIR, XRD, 

FESEM, and EDX analyses. Furthermore, the anticancer, antioxidant, and antibacterial 

properties of the synthesized nanoparticles were investigated [15-17]. To the best of our 

knowledge, limited information is available on the manufacture of silver nanoparticles (Ag 

NPs) utilizing Alcea rosea leaf extract. To the best of my knowledge, this research may be 

the first report on the synthesis of silver nanoparticles using Alcea rosea leaf extract for 

various biological applications. 

The major active phytochemical compounds present in this medicinal plant are illustrated 

in Figure 1. 

 

                  Fig 1: Major active chemical compounds reported from Alcea rosea. 
 

2. Materials and Methods 

2.1 Chemicals and instruments 

The glassware used in this study was made from Type 1 Class borosilicate glass and included 

beakers, funnels, test tubes, Falcon tubes, volumetric flasks, 96-well microdilution plates, 

and conical flasks. The equipment utilized comprised a microplate reader (Epoch 2, Biotek 

Instruments, Inc., USA), a water bath (Clifton), a hot air oven (Griffin-Grundy), and a pH 

meter. Mueller Hinton Broth (MHB), neomycin, and Resazurin were supplied by HiMedia 

(LOBA CHEMI Pvt. Ltd), while Nutrient Agar (NA) was also used. Various chemicals and 

reagents employed in the bioassays included methanol, quercetin, ascorbic acid, and DPPH 
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reagents, all procured from Merck and Sigma. Additionally, MTT reagent and LB powder 

(Sisco Research Laboratories Pvt. Ltd, India) were among other reagents used in this study. 

 

2.2 Plant sample collection and preparation of aqueous extract 

Alcea rosea was collected from the Kailali district, Nepal, on February 15, 2025. The 

coordinates of the collection site are 28° 49′ N and 80° 53′ E. After collection, the plant 

material was carefully cleaned, shade-dried, and finely powdered using a grinding mixture. 

Approximately 20 grams of the powder was dissolved in 200 mL of distilled water in a 

beaker. The mixture was then heated to 50°C for one hour and stirred using a hot magnetic 

stirrer. The solution was then filtered using Whatman No. 1 filter paper, and the filtrate was 

then stored for later use at 4°C [18].  

 

2.3 Plant mediated synthesis of silver nanoparticles 

A 100 mL solution of AgNO₃ (1 mM) was mixed with 5 mL of aqueous plant extract and 

heated on a magnetic stirrer-equipped hot plate for 20 minutes. The mixture was then stirred 

at room temperature for approximately one hour, with the pH adjusted to an optimal value 

of 11. A colour shift of the reaction mixture from pale yellow or brown to deep brown 

indicated the formation of silver nanoparticles. The synthesis of silver nanoparticles was 

confirmed by UV-visible spectrophotometry, which detected surface plasmon resonance 

(SPR) with an absorbance peak between 300 and 600 nm [19].  

 

     2.4 Antioxidant activity 

The antioxidant activity of the nanoparticles was evaluated using the 2,2-diphenyl-1-

picrylhydrazyl (DPPH) assay, with slight modification to previously reported protocols 

where we assessed the ability of nanoparticles to suppress free radicals [20]. The antioxidant 

activity was measured using a 96-well plate reader that was modified from the colorimetric 

method. Each of the 96-well plates received 100 µL solution of nanoparticles. At 517 nm, 

the initial reading was recorded. Next, 100 microliters of DPPH were added to each 96-well 

plate. The final measurement at 517 nm was recorded using a microplate reader. The IC50 

value was calculated by using software called GraphPad Prism. 

Radical scavenging ability = Abs control - Abs sample / Abs control × 100 %……...(i) 

     Where, A control = absorbance of the control, and A sample = absorbance of the sample 
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2.5 Antibacterial Assay  
The agar well diffusion assay, with minor modifications, was used to evaluate the 

antibacterial activity [21]. Mueller-Hinton broth (MHB) was used for bacterial culture, 

where commercially available Mueller-Hinton agar (MHA) was dissolved in distilled water, 

steamed, autoclaved, poured into sterile Petri plates, and then left to solidify. After the agar 

had solidified, different bacterial strains were inoculated onto the plates, and their 

concentrations were adjusted according to the McFarland standard. Wells were carefully 

drilled into the agar, and the test samples were added to the well, along with a positive 

control (neomycin) and a negative control (50% DMSO). The inoculated petri plates were 

kept in an incubator for 18 to 24 hours, and the zone of inhibition (ZOI) was measured using 

a scale. 

2.6 Resazurin microtiter assay 

The minimum inhibitory concentration (MIC) and minimum bactericidal concentration 

(MBC) of nanoparticles were calculated by the use of resazurin microtiter test [22]. The test 

organisms were Gram-negative Shigella sonnei and Gram-positive Staphylococcus aureus. 

In a 96-well microtiter plate, 100 μL of double-strength Mueller-Hinton broth (MHB) was 

added to each well, followed by 100 μL of the nanoparticle sample solution in the first row. 

Serial two-fold dilutions (ranging from 50 to 0.390 mg/mL) were performed from rows A 

to H using a multichannel micropipette. Each well received 10 μL of bacterial culture (0.5 

McFarland standard) and was incubated for 24 hours at 37 °C. Afterward, 5 μL of 0.3% 

resazurin was added, and the plate was incubated for another two hours. The lowest 

nanoparticle concentration showing pink colour was recorded as MIC. Finally, 50 μL 

solutions were added to Mueller-Hinton broth agar plates to determine the MBC of the 

sample. 

2.7 MTT assay 

Cytotoxicity of the silver nanoparticles (Ag NPs) was evaluated against cervical cancer 

(HeLa) and lung cancer (A549) cell lines using the MTT assay [23]. Dulbecco's Modified 

Eagle Medium (DMEM) was used to seed 104 cells/well in a 96-well plate, which was 

incubated for 48 hours at 37 °C with 5% CO2. After the incubation, different concentrations 

of Ag NPs (400 to 50 μg/mL) were added, followed by another 48-hour incubation. 

Following treatment, the supernatant was carefully removed, and 100 μL of fresh DMEM, 

along with 20 μL of MTT solution (5 mg/mL), was added to each well. After 4 hours of 
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incubation, purple formazan crystals were observed. These were subsequently dissolved by 

adding 100 μL of 0.1% DMSO per well and incubating for 15 minutes at room temperature. 

Absorbance was measured at 570 nm using a microplate reader. 

The percentage of cytotoxicity was calculated using the following formula: 

 % cytotoxic activity = Abs control - Abs sample / Abs control × 100 %……...(i)              

Where A control = is the control's absorbance, and A sample is the treated sample's absorbance. 

2.8 Characterization of silver nanoparticles  

2.8.1 UV-Visible spectroscopy 

A noticeable change was noted in the colour of the solution as it became brownish, 

indicating the formation. The presence of silver nanoparticles was confirmed preliminarily, 

as the UV-vis absorption was seen in the 300-600 nm region. It was measured employing a 

UV spectrophotometer [ SPECORD 200 PLUS, (An Endress+Hauser Company)]. 

2.8.2 FTIR spectroscopy 

FTIR spectroscopy (PerkinElmer UV/VIS Lambda 365 Spectrophotometer) was used to 

analyze the phytochemicals adsorbed onto the nanoparticles, as well as the organic 

functional groups present in the aqueous extract, within the wavenumber range of 400–4000 

cm⁻¹. The characteristic IR peaks at specific wave numbers indicate the participation of these 

compounds in the synthesis and stabilization of the metal nanoparticles. 

 

2.8.3 XRD analysis 

The crystallographic structure, grain size, and diffraction pattern of the synthesized silver 

nanoparticles (Ag NPs) were characterized using X-ray diffraction (XRD) analysis (D2 

Phaser, Bruker, NAST, Nepal) operated at 30 kV with a Cu Kα radiation wavelength of 1.54 

Å. The diffraction data were collected over a 2θ range of 20° to 80°. The average crystallite 

size of the nanoparticles was calculated using the Scherrer equation. 

2.8.4 FESEM analysis 

Field emission scanning electron microscopy (FE-SEM) (SU equipment, Korea) was 

employed to examine the surface morphology, grain size, and other physical properties of 

the synthesized nanoparticles. The particle sizes were quantified using ImageJ software 

2.8.5 EDX analysis 
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The elemental composition of the produced Ag nanoparticles was examined using this 

technique. 

Statistical Analysis  

The results of the triplicate tests were displayed as mean ± standard deviation. GraphPad 

Prism was used to calculate the IC50 and create accompanying graphs for the DPPH and 

MTT assays. FTIR, XRD, and UV-visible spectra were plotted using Origin. ImageJ 

software was used to analyze SEM images. 

 

     3. Results and Discussion 

Nanoparticles are excellent tools for science and study because of their vast surface area and 
high activity. Green-synthesized silver nanoparticles are useful materials that have been 
explored for addressing a number of modern biological, industrial, and environmental 
issues. A variety of methods, including UV-vis, FTIR, XRD, SEM, and EDX, were used to 
characterize these nanoparticles, which were synthesized from the aqueous extract of A. 
rosea. The synthesized nanoparticles tested for different applications, including 
antimicrobial, antioxidant mitigation, and cancer treatment. Various sections deal with 
extensive discussions. 

     3.1 UV-vis spectroscopy 

UV–visible spectroscopy is recognized as a vital analytical method, effectively serving as 

both a qualitative and quantitative approach. It is a rapid and preliminary technique used to 

confirm the successful synthesis of nanoparticles derived from plant extracts. The 

phytochemicals in plant extracts serve as reducing agents, converting metal ions into 

nanoparticles and aiding in their formation, stabilization, and surface capping. The 

biosynthesized silver nanoparticles (Ag NPs) demonstrated a peak absorption at 411 nm, 

consistent with findings from previous studies [24]. This absorption behaviour arises from 

the excitation of electrons from the valence band to the conduction band, leading to surface 

plasmon resonance (SPR) [25. Typically, silver nanoparticles (Ag NPs) exhibit a distinct 

surface plasmon resonance (SPR) peak in the range of 400 to 450 nm, confirming their 

successful formation [26]. The UV-Vis absorption spectrum of the synthesized nanoparticles 

is shown in Figure 2. 
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Figure 2: UV spectra of Ag NPs and aqueous extract. 

3.2 Fourier transform infrared spectroscopy (FTIR) 

FTIR spectroscopy studies were performed on the synthesized nanoparticles and their 

aqueous extract. The changes in peak positions and intensities between the FTIR spectra of 

the nanoparticles and aqueous extract have confirmed the involvement of plant secondary 

metabolites in the synthesis of nanoparticles. An IR peak at 3670 cm-1 is generally indicative 

of (O-H) group, particularly a free or weakly hydrogen-bonded O-H stretching, and may be 

connected to alcoholic and phenolic substances. The vibrational peaks around 3359 cm-1 

most likely is due to the O-H stretching vibration of an alcohol or carboxylic acid, or 

potentially the N-H stretching vibration of an amine. The C-H stretching vibration is visible 

in the peak projected at 2914 cm-1. The stretching of the C-N group is responsible for the 

peak at about 1061 cm-1, whereas the stretching of the C-H group is responsible for the peak 

at 1403 cm-1.  The FTIR spectra detected a characteristic peak at about 506 cm-1, which 

might have been caused by the stretching of the Ag nanostructure [27]. The FTIR analysis 

results suggest that these peaks are consistent with earlier findings, indicating a promising 

correlation that supports our research [28]. Figure 3 displays the FTIR spectra of the 

synthesized Ag NPs and aqueous extract. 

 

      

 

 

 

            Figure 3: FTIR spectra of aqueous extract and synthesized Ag NPs. 
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3.3 XRD analysis 

XRD is a special method that gives an abundance of information regarding the crystalline 

characteristics of nanoparticles. Debye-Scherrer's equation can be used to determine the 

average crystallographic size based on the most intense XRD diffraction peak.  

D =  

Where, θ is Bragg's diffraction angle, β is the full width at half maximum (FWHM) of the 

most intense peak, expressed in radians, and λ is the X-ray wavelength, which has a value 

of 0.15406 Aº [29-31]. Using Debye-Scherrer's equation, the average crystalline size was 

5.38 nm. The diffraction peaks observed at 38.3º, 44.6º, 68.8º, and 77.6º correspond to (111), 

(200), (220), and (311) planes of face-centred cubic (FCC) crystal structure (JCPDS card 

04-0783) [32]. The obtained XRD data are consistent with the previously published studies 

that validate the cubic structure of silver nanoparticles [33-34]. Comparable XRD patterns 

were found in Erigeron bonariensis [35] and Alternaria solani [36]. SEM images are 

valuable for providing insights into molecular structures, whereas XRD is effective in 

determining grain size. This distinction highlights the unique strengths of each technique 

and the complementary information they offer in material analysis [37]. Figure 4 displays 

XRD spectra of the synthesized Ag NPs. 

 

                        Fig 4: XRD spectra of Ag NPs. 

3.4 FESEM analysis  

Morphological size and shape of Ag NPs produced by the aqueous extract of A. rosea were 

analyzed through the FE-SEM. Synthesized Ag NPs were predominantly spherical with a 

diameter ranging from 22 to 64 nm and an average particle size of 35.37 nm at a 500 nm scale. 

In the UV-visible spectra of biosynthesized Ag NPs, a single SPR peak indicates the formation 



10 
 

of spherical particles, which is further confirmed by the SEM image [38]. There have been 

reports of the biosynthesis of spherical and smooth nanoparticles in Rheum emodi [39] and 

honey-mediated green synthesis of silver nanoparticles [40].  The electrostatic interaction and 

hydrogen bonding between the bioinorganic capping molecules attached to the silver 

nanoparticles assist in the development of the SEM image. It is shown that uniform, fairly 

spherical silver nanoparticles were produced. Even inside the aggregates, there was no direct 

contact between the nanoparticles, suggesting that a capping agent had stabilized them [41]. 

The particle size is displayed in Figure 5 at various resolutions from the FE-SEM picture.  

 

Fig 5: Synthesized nanoparticles captured FE-SEM images (a) 500 nm scale, (b) length 

measurement of Ag NPs, (c) Scale: 1 µm, (d) Scale: 2 µm. 

3.5 EDX analysis 

Elemental mapping of the synthesized silver nanoparticles is presented in Figure 6. In the 

elemental mapping image, the yellow-coloured spots correspond to the distribution of silver 

nanoparticles across the sample surface. 
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Figure 6: EDX images indicating the Ag element. 

Application of biosynthesized Ag nanomaterials 

3.6 Antioxidant potential 
The antioxidant potential of the synthesized silver nanoparticles was evaluated using the 

DPPH assay. DPPH possesses hydrogen-accepting properties that make it useful for 

evaluating antioxidant activity. It readily accepts electrons from antioxidant compounds, 

leading to a color change from violet to yellow. Through this process, the DPPH free radical 

is reduced to a stable diamagnetic molecule. In this study, the DPPH radical scavenging 

activity of Ag NPs increased with rising concentrations, reaching its maximum at higher 

levels. The biosynthesized Ag NPs achieved an IC₅₀ value of 80.05 ± 1.53 μg/mL, compared 

to 3.55 ± 1.61 μg/mL for quercetin. When synthesized using leaf extract, the nanoparticles 

demonstrated slightly lower antioxidant activity than that reported in earlier studies [42]. 

The presence of hydroxyl groups in flavonoids likely contributes to nanoparticle 

stabilization and imparts additional bioactivities. The observed antioxidant effect may arise 

from mechanisms such as single-electron transfer, hydrogen donation, or metal ion chelation 

[43]. 

Table 1: Antioxidant potential (IC50) values of synthesized nanoparticles and standard 

quercetin. 

      

 

 

 

3.7 In vitro antibacterial potential  

3.7.1 Agar well diffusion method 

Both S. aureus and S. sonnei exhibited inhibition zones of 13 mm, while K. pneumoniae and 

E. coli showed zones of 8 mm each. These findings are consistent with previous studies 

Samples  IC50 (µg/mL) 

Ag NPs 80.05 ± 1.53 

Quercetin  3.55 ± 1.61 
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reporting the antibacterial efficacy of Ag NPs [44, 45]. The antimicrobial activity is 

attributed to the combined effects of Ag⁺ ions and the membrane-disrupting action of the 

polymeric components. Green-synthesized Ag NPs demonstrate strong bactericidal 

potential, particularly against drug-resistant strains, making them promising candidates for 

biomedical applications [46]. The corresponding inhibition zones and representative 

antibacterial petri plate images are presented in Table 2 and Figure 7. 

Table 2: Zone of inhibition shown by silver nanoparticles against the test organisms. 

Sample Bacteria ZOI sample (mm) ZOI positive control 

(neomycin) (mm) 

Ag NPs S. aureus 13 21 

 S. sonnei 13 20 

 K pneumoniae  8 20 

 E. coli  8 20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 7: Antibacterial test slides against different bacterial strains. 
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      3.7.2 MIC and MBC 

The MIC and MBC of the nanoparticles against the Gram-negative S. sonnei and the Gram-

positive S. aureus were determined using the resazurin microtiter assay. Resazurin, a blue 

dye, is reduced by the NADH dehydrogenase enzyme in metabolically active cells to 

produce resorufin, a pink-coloured compound. Since this enzyme is only present in viable 

cells, the assay serves as an effective method for assessing cell viability [47]. MIC and MBC 

of nanoparticles against S. aureus and S. sonnei are shown in Table 3; they are 6.25 mg/mL 

and 12.5 mg/mL, respectively. Ag NPs synthesized from Pogonatherum crinitum leaf 

extracts demonstrated comparable MIC and MBC values, according to the literature [48]. 

The MIC and MBC of the positive control neomycin against S. aureus and S. sonnei were 

found to be 0.78 and 1.56 mg/mL, respectively. 

Table 3: MIC and MBC values for nanoparticles. 

Samples Staphylococcus aureus Shigella sonnei 

 MIC (mg/mL) MBC (mg/mL) MIC (mg/mL) MBC (mg/mL) 

Ag NPs 6.25 12.5 6.25 12.5 

Neomycin 0.78 1.56 0.78 1.56 

 

3.8 Cytotoxicity 

The anticancer activity of biosynthesized Ag NPs against A549 and HeLa cancer cells was 

evaluated by measuring the cellular reduction of MTT, as determined by in vitro examination. 

Ag NPs at varying concentrations (400-50 µg/mL) were applied to both cancer cells over 48 

hours, causing a dose-dependent inhibition of the cancer cells. Based on our findings, silver 

nanoparticles show significant anticancer potential. As the concentration of Ag NPs decreased, 

their anticancer capability also reduced. The results showed a dose-dependent inhibition, with 

the greatest inhibition being 39.37% for A549 and 49.07% for HeLa cell mortality at 400 

µg/mL. The calculated IC50 values for A549 and HeLa were 54.46 ± 1.67 µg/mL and 92.93 ± 

1.05 µg/mL, respectively, confirming the excellent therapeutic potential of Ag NPs. These 

findings are consistent with earlier research on the A549 cancer cell line [49]. Mechanistically, 

silver nanoparticles are known to impair mitochondrial function, elevate intracellular reactive 

oxygen species, and induce apoptosis, thereby exerting cytotoxic effects on cancer cells. This 

supports the potential of Ag NPs as promising candidates for cancer treatment [50]. 
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Table 4: The IC50 of silver nanoparticles. 

Cell lines  IC50 (µg/mL) 

Lung cancer A549 54.46 ± 1.67  

HeLa 92.93 ± 1.05  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 8: The photographs showing HeLa and A549 cells before and after treatment with Ag 

NPs at different concentrations. 
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4. Conclusion 

In conclusion, we report a simple, cheaper, and biologically inspired approach for 

synthesizing silver nanoparticles (Ag NPs) using an aqueous extract of Alcea rosea. The 

successful formation of Ag NPs was confirmed through various techniques, including UV-

vis spectroscopy, FTIR, XRD, FE-SEM, and EDX analysis. The biosynthesized Ag NPs 

exhibited potent antibacterial activity against Staphylococcus aureus and Shigella sonnei, 

with notable minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) values observed for both strains. Moreover, the synthesized Ag NPs 

exhibited superior antioxidant activity. Biogenic Ag NPs also demonstrated notable 

anticancer effects against both tested cell lines. These findings suggest that the A. rosea-

mediated green synthesis technique produces high-quality silver nanoparticles with 

promising multifunctional biomedical applications. This process offers a safer and more 

sustainable alternative for disease treatment and management. This study highlights the 

potential of plant-derived secondary metabolites in the eco-friendly synthesis of metal 

nanoparticles and underscores the significance of Nepalese medicinal plants as valuable 

resources for advancing nanotechnology. 
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