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Abstract. Recently, multidrug-resistant bacteria have markedly reduced the effectiveness of antibiotics 

worldwide, a problem that is potentially solvable by the use of biogenic nanoparticles (NP). Here aqueous 

leaf extract of Blepharis ciliaris was used to synthesize biogenic silver nanoparticles (AgNPs) and to 

determine their antibacterial properties. UV-Visible spectroscopy was used to observe the formation of 

nanoparticles at various time intervals. The surface plasmon band changed color as the reaction time 

increased, with a maximum absorption recorded at 400 nm. Scanning electron microscopy (SEM) and 

transmission electron microscopy (TEM) were also used to analyze the size and morphology of the 

AgNPs. TEM revealed the spherical shape of the nanoparticles, which varied in size from 18 to 50 nm. 

The elemental composition of AgNPs was determined using energy dispersive spectroscopy (EDS), 

which showed strong signals at ~3 keV in the silver (Ag) zone. Finally, the antibacterial activity of 

AgNPs was assessed using the well diffusion method against some pathogenic bacteria. All of the 

bacteria tested proved susceptible, with E. coli and B. subtilis being inhibited more than S. aureus and S. 

Typhimurium. 
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Introduction 

Nanotechnology is a field of research focused on the improvement of devices and 

materials at the molecular level. Current advancement in nanotechnology has introduced 

novel approaches which can be used to solve a number of problems which limit the 

progress of developing different countries, particularly with regard to environmental 

sustainability, food security, and health and sanitation (Khac et al., 2023). During the 

past few decades, there has been considerable novel global research, development, and 

industrial activity in this broad, multidisciplinary research area, including the biogenic 

synthesis of nanoparticles. The use of plant extracts, bacteria and fungi to produce 

various metal nanoparticles, including silver, gold, antimony, palladium, copper, 

platinum, and selenium has been previously described in literature (Ahmad et al., 2003; 

Senapati et al., 2005; Bhainsa et al.,2006; Shahverdi et al., 2007). The economic 

importance of silver metal (Ghotekar et al., 2019) means that silver nanoparticles 

(AgNPs) are of particular interest, as they can serve as substrates for surface-enhanced 

Raman scattering (SERs), can detect organic dyes (Chen, et al., 2021; Marimuthu, et al., 

2020; Ahmed, et al., 2020) and transfer and deliver medications and biomolecules (Yin 

et al., 2020; Illanes Tormena et al., 2020). They also possess notable antibacterial and 

antiviral properties (Hue et al., 2021; Razek et al., 2019; He et al., 2017). The biogenic 

fabrication of NP using plant extracts, fungi, bacteria, and some proteins (including 

enzymes) is commonly used, largely because to its biocompatibility and low ecological 
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impact (Tagad et al., 2013; Husen and Siddiqi, 2014; Husen, 2017; Rana et al.,2024). 

Silver nanoparticles (AgNPs) are synthesized by a variety of chemicals available in 

plant extracts, such as alkaloids, phenols, glycosides, amines, quinines and terpenoids 

(Tagad et al., 2013; Siddiqi et al.,2018; Alsayed et al., 2024; Aljowaie and Aziz, 2025). 

 The plant used here, Blepharis, is the major genus in the family Acanthaceae, which 

includes some 126 species (Fig. 1). Blepharis occurs widely is in hot, dry, and semi-arid 

areas of the old- world tropics and subtropics (McDade et al., 2005). Blepharis ciliaris 

is found throughout the world from the Arabian Peninsula to Pakistan and southern Iran 

(Vollesen, 2000). The flowering season for the perennial plant Blepharis ciliaris is from 

October to April. This species is rarely seen in sandy habitats; instead, it is typically 

found in the silt between rocks on plains and low places and also in gulleys, wadis and 

mountain slopes (Jongbloed et al., 2003; Feulner, 2016). Several species of Blepharis, 

including B. maderaspatensis, B. ciliaris, B. linariifolia, B. edulis, and B. scindica are 

commonly used throughout Africa and Asia to treat a variety of infectious and chronic 

disorders, inflammatory issues, bone problems, and parasite complications (Khare, 

2001; Mohamed et al., 2015). Members of the genus Blepharis are also economically 

significant because of their use as natural dyes. El-Shanawany et al., 2013). The seeds 

also possess expectorant, diuretic, and aphrodisiac properties (Deshpande, 2006) and 

when crushed and roasted are used to treat inflammation and wounds. Additionally, the 

root’s charcoal is used for treating eye inflammation and enhance vision (Boulos, 1981; 

Tackholm, 1974; Atanasov et al., 2015). 

 

 

Fig. 1 Blepharis ciliaris plant 

plant 

 

Figure 1. Blepharis ciliaris plant 

 

 

In the present study, an aqueous leaf extract from Blepharis ciliaris was used for the 

biogenic fabrication of AgNPs, and characteristics of biosynthesized AgNPs were 

studied and tested as antibacterial agents against variety of pathogenic bacteria. 

Materials and methods 

Materials 

Blepharis ciliaris plants were collected from Shabwah Governorate, south of Yemen 

(Fig. 1). Silver nitrate was used during synthesis process, nutrient broth and Muller-

Hinton agar were used as bacterial growth media. The following bacteria were used; 

Staphylococcus aureus, Bacillus subtilis, Escherichia coli and S. Typhimurium. 
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Preparation of Blepharis ciliaris leaf extract 

Plant spikes of plants were thoroughly washed with distilled water and then left to 

dry naturally at the room temperature, after which, the leaves were removed and ground 

into a fine powder using by grinder (Moulinex, France). Powder (10 g) was mixed with 

deionized water (100 ml) and heated for 15 min at 60°C. Finally, the mixture was 

filtered using Whatman No. 1 filter paper, and the resulting solution was kept at 4°C 

until the AgNPs synthesis was achieved. 

 

Biogenic synthesis of silver nanoparticles 

The leaf extract was added to a 90 mL aqueous solution of silver nitrate 0.01 mM. 

The solution’s color changed overnight when the mixture was left at room temperature. 

The AgNPs were then separated from the solution by centrifugation at 15,000 rpm for 

20 min. The nanoparticles were then dried in an oven at 40°C to produce AgNPs as dry 

particles. 

 

Characterization of AgNPs 

An Ultrospec 2100 Pro UV/visible spectrophotometer (Biochrom, UK) was used to 

perform UV–Vis spectroscopy at wavelengths between 200 and 800 nm. EDS analysis 

was done using by an Altima IV device (Regaku, Japan). To determine the morphology 

and size of the AgNPs, TEM pictures were obtained with an 80 keV accelerating 

voltage using a JEOL microscope (JEM 1011). The particles were vacuum-dried 

(Model 1:53 liter vacuum oven, Vinci Technologies, France) before imaging. 

 

Antibacterial studies 

The antibacterial activity of the AgNPs was investigated using the agar well 

diffusion method. Each bacterium was inoculated into petri plates with 20 milliliters of 

Mueller Hinton Agar media. Using a sterilized agar borer, wells 6 mm in diameter were 

made into the medium. The synthesized nanoparticles (100 μl) were then poured in to 

the well and the dishes were incubated for 24 h 37°C. A clear area surrounding the well 

indicated growth inhibition. Distilled water was used as the control. 

 

Statistical analysis 

The statistical analyses of antibacterial activity results were done with a SAS 

program. Three replicates were used in experiment. Data were expressed as the 

mean ± standard deviation. Using Duncan’s multiple range test, the significance 

between sample means was determined. 

Results and discussion 

UV-vis spectra 

The formation and stability of AgNPs was determined by surface plasmon resonance 

band (SPR) using UV–Vis spectroscopy at wavelengths from 200 to 800 nm. Figure 2 

shows the sample’s graphic calorimetric pattern following the reaction between AgNPs 

and plant extract. The development of AgNPs was indicated by the colorless AgNO3 

solution becoming dark brown, and the appearance of an absorption peak circa, 400 nm 
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(Fig. 3). Typically, spherical AgNPs synthesized using plant extracts such as 

Acanthospermum hispidum leaves extract (Ghotekar et al., 2019), Indigofera 

Oblongifolia leaves extract (Salmen et al., 2019) and Aloe vera, Portulaca oleracea and 

Cynodon dactylon (Abalkhil et al., 2017) have previously been reported in the 400–

475 nm visible range. 

 

 

 

Figure 2. Color change after a mixture of Blepharis ciliaris extract with silver nitrate (AgNO3) 

solution 
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Figure 3. UV–vis absorption spectrum of the AgNPs biogenic synthesized using Blepharis 

ciliaris extract 

 

 

EDS analysis 

The elemental composition of AgNPs biosynthesized using Blepharis ciliaris extract 

was examined using EDX (Fig. 4). Strong signals were found at ~3 keV in silver (Ag) 

zone for AgNPs biogenic fabricated using Blepharis ciliaris extract. The signal’s 

appearance at around 3 keV was considered confirmation that Ag elements were present 

in the AgNPs. The presence of a number of additional chemical components in the 

nanoparticles suggests that these components possibly originate from plant 

biomolecules attached to the AgNPs’ surface. A pure silver metal ion is present when 

peaks appear before 5 keV (Kgatshe et al., 2019). Kgatshe et al. (2019) also reported 

that the pattern observes reflects peaks originating from the binding energies of carbon, 

chlorine, and oxygen, all of which can be related to contaminants occurring during the 

nanoparticle-drying process. 
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Figure 4. EDS analysis of AgNPs biogenic synthesized using Blepharis ciliaris extract 

 

 

TEM analysis 

TEM was used to determine the size and shape of the biosynthesized AgNPs using 

Blepharis ciliaris extract. Figure 5 shows TEM images of AgNPs, which are mostly 

spherical in shape and exhibit a wide range of NP size, from between 18 and 50 nm. 

Agglomeration of smaller particles that may have occurred during the powder sample 

preparation procedure caused the formation of bigger particles (Ibrahim, 2015; Salari et 

al., 2016). The presence of a translucent film of biomolecular coating around the 

nanoparticles serves as evidence of the capping activity of the phytochemical 

components present in the plant extracts, which contributes to the AgNPs stability 

(León-Silva et al., 2016). The silver nanoparticles synthesized using Blepharis ciliaris 

extract have a morphology that is essentially similar to that of the AgNPs biogenically 

fabricated using other extracts (Venugopal et al., 2017; Kgatshe et al., 2019). 

 

Antibacterial activity 

The antibacterial activity of AgNPs was determined against S. aureus, B. subtilis, E. 

coli and S. Typhimurium. Figure 6 shows the antibacterial activity of AgNPs at different 

concentrations. The susceptibility or resistance of the studied bacteria to AgNPs and the 

control was investigated by measuring the zones of inhibition around the test compounds. 

All bacteria showed growth susceptibility; E. coli and B. subtilis produced larger growth-

inhibition zones than S. aureus and S. Typhimurium, showing that they were more 

sensitive to the inhibitory effects of the AgNPs. As expected, the control sample did not 

produce inhibition zones. There are several interpretations for the mechanism of the 

antibacterial effect of AgNPs. Bactericidal effects are due to silver ions released from 

AgNPs as a result of their interaction with bacteria; silver ions penetrate the cytoplasm, 

denature the ribosome, inhibit proteins and enzymes, and finally inhibit their metabolic 

activity, leading to death. Other interpretations for the mechanisms involved in the 

antibacterial activity of Ag NPs were reported by Siddiqi et al. (2018) including, 

interference during synthesis of bacterial cell wall, suppression during protein biosynthesis, 

disruption of transcription process and disruption of primary metabolic pathways. 
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Figure 5. TEM image of AgNPs biogenic synthesized by Blepharis ciliaris extract 
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Figure 6. Antibacterial activity of AgNPs synthesized by Blepharis ciliaris extract. Means with 

different letters on each column are significantly different (P < 0.05) 

Conclusion 

In this study, the biogenic fabrication of silver nanoparticles mediated by Blepharis 

ciliaris plant was achieved. Extracts of this plant was considered to serve as a reducing 

agent in the rapid and environmentally safe synthesis of silver nanoparticles. AgNPs-

properties were determined using a number of different techniques including, UV-
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Visible spectroscopy, EDS, SEM and TEM. Fabrication of AgNPs was confirmed by 

UV-Visible spectroscopy at 400 nm with sizes ranging from 18 to 50 nm. EDS analysis 

was showed strong signals at ~3 keV in silver zone. AgNPs also showed a stronger 

antibacterial activity. Finally, the plant extract’s ability to act as a reducing, stabilizing 

and capping agent in AgNPs, factors which relate to their possible applications in 

biological and pharmacological technology. 
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