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Abstract  

In the present study, in vitro H. wightianum plant extract was used for the phytosynthesis of AgNPs. It was observed that the reduction of 

aqueous silver ions (Ag+) to AgNPs was facilitated by the extract, resulting in the formation of stable AgNPs. The synthesized AgNPs were 
characterized through various spectroscopic and microscopic analyses. The nanoparticles showed a sharp absorbance peak at 480 nm on UV-

Vis spectroscopy. Fourier Transform Infrared Spectroscopy (FTIR) confirms the presence of flavonol, glycosides and phloroglucinols. X-ray 

diffraction (XRD) was used to characterize the reduction of silver ions to silver element. It shows the different distinct peaks at 25.78 °, 39.41 °, 

41.37 ° and 76.26 ° correspond to the (0 1 2), (1 1 1), (1 0 1) and (3 1 1) planes of standard XRD peak reflections of silver crystal. The formation of 
monodispersed low polydispersity nanoparticles (16.47 nm) was revealed by the transmission electron micrograph (TEM) and energy-

dispersive X-ray spectroscopy (EDX) analysis confirms the presence of elemental silver. AgNPs showed good antioxidant properties in DPPH (2, 

2-diphenyl-1-picrylhydrazyl), hydrogen peroxide (H2O2), nitric oxide (NO) radical scavenging and ferric reducing power assays. This result 

proved that AgNPs have strong antioxidant activity, which is comparable to the standard. Antioxidant activity of AgNPs increased dose-
dependently, based on the reduction of electron or hydrogen acceptors. Antibacterial activity of AgNPs was demonstrated against test strains, 

showing significant inhibition. A maximum zone of inhibition of 15 mm was observed against Staphylococcus aureus, followed by 14 mm 

against Pseudomonas aeruginosa at 80 µg/mL concentration. The AgNPs showed moderate toxicity against A. salina. The present study 

demonstrates the potential of in vitro H. wightianum extract for the phytosynthesis of AgNPs with antioxidant, antibacterial and moderate 
toxicity properties.  
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Introduction 

In recent decades, studies on the green synthesis of nanoparticles 

have increased due to innovative applications in various 

biological and medicinal industries. Nanoparticles have paved the 

way for the development of novel materials by offering new 

avenues for design and property assessment. By precisely 

controlling the size, shape and molecular distribution of 

nanoparticles, researchers can tailor their properties to suit 

specific applications (1). AgNPs have emerged as promising 

material due to their distinctive properties. One of the primary 

advantages of nanoparticles lies in their exceptionally large 

surface area relative to their tiny size, facilitating increased 

reactivity and interactions with other molecules. These 

remarkable properties have earned these metal 

nanoparticles great interest in the 21st century. Nanotechnology is 

an emerging technology that involves manipulating matter at the 

nanoscale or atomic level and has incredible applications in drug 

delivery (2), cancer diagnosis (3, 4), bacterial diseases, in 

agriculture, detecting and controlling diseases and pests (5), 

environmental sensors (6), quantum computing and artificial 

intelligence (7). Besides, it can be used to create superior 

household products such as degreasers, stain removers and self-

cleaning paints and lead to highly precise as well as efficient 

manufacturing processes (8, 9). Developing and experimenting 

with new nanoparticles and investigating their properties for 

human welfare are the major interests. Researching and 

innovating new nanoparticles, along with their possible 

applications for the benefit of humanity, constitutes the primary 

focus of interest. 

 Green nanotechnology has garnered significant 
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attention due to its eco-friendly and cost-effective synthesis of 

nanoparticles, eliminating harmful reagents. Noble metal 

nanoparticles, especially AgNPs, have unique physicochemical 

properties, that are significant for medical industries and for the 

development of innovative, new sustainable materials for 

defense applications (10, 11). Notably, AgNPs demonstrate 

exceptional antimicrobial and antioxidant efficacy (12). So, recent 

research has been explored in the application of AgNPs in 

combating microbial infections and preventing bacterial growth, 

particularly in the context of antibiotic resistance (3). Traditionally, 

physical and chemical synthesis methods possess environmental 

concerns due to toxic substances and harmful by-products (4). 

However, green synthesis of nanoparticles using microorganisms 

and plant extracts provides an eco-friendly and cleaner 

alternative. While microorganism-based synthesis presents 

challenges, plant-mediated synthesis offers advantages, 

including low-cost, non-toxic and eco-friendly by-products (13). 

Due to these properties, plant extracts serve as effective reducing 

and capping agents, yielding stable AgNPs with diverse shapes 

and dimensions, thereby enhancing synthesis efficiency. 

Recently, many medicinal and ornamental plants have been used 

for the synthesis of AgNPs, such as Ceropegia thwaitesii (12), 

Helicteres isora (3), Psophocarpus tetragonolobus (14) and 

Dianthus chinensis (13). 

 In this research paper, we concentrate our attention on 
the green synthesis of AgNPs using in vitro raised H. wightianum 

plant extract and analysis of their antioxidant and antibacterial 

activity against human pathogens. Furthermore, the toxic effects 

of AgNPs on the mortality of A. salina are assessed and discussed. 

In essence, toxicity studies are an integral part of the green 

synthesis process, providing crucial information for ensuring the 

safety and responsible application of AgNPs. A. salina is a 

primitive aquatic arthropod (salt lakes) of the Artemiidae family, 

which is more closely related to Triops and Cladocerans than to 

true shrimp from hypersaline ecosystems. The United States 

Environmental Protection Agency (US-EPA) has approved A. 

salina as one of the test organisms for acute toxicity testing (15). 

Artemia is one of the most valuable model test organisms 

available for ecotoxicity testing of many nanoparticles (3, 4).  

Toxicity studies also help to assess the potential environmental 

impact of AgNPs nanoparticles, including their effects on aquatic 

and terrestrial organisms. This is crucial for ensuring that green 

synthesis methods are truly sustainable and do not pose 

unintended risks to the environment.  

 

Materials and Methods  

Sample preparation           

H. wightianum was collected from Pamparpuram, Kodaikanal in 
the region of Western Ghats of Tamil Nadu, India, in July  2019. 

The collected plant was identified and confirmed by the plant 

taxonomist Dr. Seeni Sooriamuthu, School of Biosciences, Mar 

Athanasios College for Advanced Studies, Tiruvalla. The voucher 

specimens were prepared and submitted to the Department of 

Botany herbarium, University of Kerala, Thiruvananthapuram, 

Kerala and authenticated (Voucher/Accession No. KUBH11410). 

These plants were cultured in vitro in the plant tissue culture 

laboratory. Plant materials were collected from in vitro raised 

plants and washed with sterile Milli-Q water. The plant was then 

crushed using a mortar and pestle. The plant extracts were 

prepared, then the extract was filtered with Whatman No. 1 filter 

paper and the extract was stored in a refrigerator for further use 

(12). 

Synthesis of AgNPs         

The AgNPs synthesis was carried out following the methodology  

established (3). The plant extracts were used for the AgNPs 

synthesis. 90 mL of 1 mM aqueous silver nitrate (AgNO3) 

(Himedia) solution was added to 10 mL of the extract, in 250 mL 

conical flasks and kept at 30 0C in a shaker for 24 hr. After 

incubation, the experimental mixture (plant extract and silver 

nitrate) was centrifuged at 15000 rpm for 20 to 25 min. The by-

product mixture was then washed using Milli-Q water. This 

process was conducted after each centrifugation; the colloidal 

pellet obtained was poured into a Petri dish and dried by placing 

it in a sterile chamber inside the culture room. After drying, the 

powder was transferred to an Eppendorf tube, sealed with 

paraffin wax film and placed in a refrigerator for further work.  

UV-Visible spectra   

The biosynthesized AgNPs in the bio-reduction process of silver 

ions in solutions was checked using the UV-vis spectrum in (UV-

1700 pharma spec, Shimadzu, Japan). The measurements were 

done on a wavelength scale of 200 to 800 nm, achieving a 

resolution of 1 nm and with a generation time of 1 sec with 

Malvern software. Measurements were taken at different time 

intervals over a period of 24 hr.  

FE-SEM EDX analysis          

Field Emission-Scanning Electron Microscopic (FE-SEM) analysis 

was conducted using the TESCAN-3236741 instrument at an 

accelerating voltage of 10 Kv. Sample preparation involved 

placing a small amount of the sample on a carbon-coated 

copper grid, removing excess solution with blotting paper and 

drying the film under a mercury lamp for 5 min (12). The 

elemental composition of the AgNPs was determined by EDX 

analysis; the dried AgNPs were drop-coated onto a carbon film 

and the EDX analysis was performed using the Oxford XMXN 

connected with the FE-SEM instrument (MAIA3 XMH).  

XRD analysis           

The plant extracts with AgNPs were freeze-dried and ground for  

XRD analysis. The diffracted intensities for AgNPs were measured 

from 10 to 90 degrees at 2θ angles (3). The size of the 

biosynthesized AgNPs was calculated by the Debye-Scherrer 

formula; 

 

 

 Where; K = Shape factor; λ = X-ray wavelength; β = Half 

the maximum intensity (FWHM) in radians and θ = Bragg’s angle.  

FTIR analysis          

For FTIR analysis, the AgNPs solution was centrifuged at 15000 

rpm for 30 min and samples were allowed to read to Thermo 

Scientific Nicolet  iS50 with KBr optics and a DTGS detector. The 

pellet was washed two to three times with 10 mL of Milli-Q water 

to clear out the free proteins/enzymes that were not capped 

during the biosynthesis of AgNPs (13). The particles and dry plant 

powder were dried and ground with KBr separately and analyzed 

in a Thermo Scientific Nicolet  Is50 to identify the biomolecules in 
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plant extracts and those associated with bio-synthesized AgNPs.  

Transmission Electron Microscopy (TEM)          

The size and morphology of biosynthesized AgNPs were 

determined by TEM analysis. For TEM analysis, dilute 25 μL of 

colloidal AgNPs solution with 0.5 mL Millipore Milli-Q water and 

sonicate the mixture using an ultrasonic bath and filtered with a 

0.22 µm filter (Rankem Faridabad, India). Place a drop of the 

filtered solution on a Cu grid and allowed to dry under vacuum. 

Then, AgNPs were visualized using TEM and measurements were 

done by using NanoLab Inc., Waltham, MA, at 200 kV. 

In vitro antioxidant assays          

DPPH free radical scavenging assay 

DPPH free radical scavenging potential of the AgNPs was 

determined (16) with modification. Various concentrations (10, 

20, 30, 40, 50, 70, 90 and 100 µg/mL) of biosynthesized AgNPs and 

standard antioxidant butylated hydroxytoluene (BHT) were used 

for assaying scavenging activities. To the above samples, 1 mL of 

freshly prepared DPPH solution (1 mM) was added and subjected 

to thorough mixing on a vortex mixer. After that, it was incubated 

for 30 min in the dark. The absorbance of stable DPPH was then 

measured at 517 nm, with a control DPPH sample (without any 

sample) for comparison. Free radical scavenging activity was 

expressed as the percentage of inhibition that was calculated 

using the following equation;  

 

  

 

 Here, Ac-control absorbance of DPPH radical + methanol, 

As sample absorbance of DPPH radical + AgNPs sample/

standard BHT. 

H2O2 scavenging assay 

 H2O2 scavenging activity was analyzed (17) with slight modification. 

For the analysis, various concentrations (10, 20, 30, 40, 50, 70, 90  

and 100µg/mL) of biosynthesized AgNPs and the control ascorbic 

acid were mixed with 50 µL of 5 mM H2O2 solution (HiMedia 

Laboratories, USA). The mixture was incubated for 30 min at room 

temperature and the absorbance was measured at 610 nm. The 

H2O2  scavenging activity percentage was calculated using Eqn. (1) .  

NO radical scavenging assay 

NO radicals produced from sodium nitroprusside in aqueous 

solution at physiological pH react with oxygen to form nitrite 

ions. These ions were quantified using the modified Griess 

reaction reagent (18). In this study, NO radicals were produced 

from 100 µL of 20 mM sodium nitroprusside (HiMedia 

Laboratories, USA). These radicals were then incubated with 100 

µL of AgNPs at varying concentrations (10, 20, 30, 40, 50, 70, 90 

and 100 µg/mL) and were kept at room temperature for 60 min. 

BHT and a NO. scavenger served as positive controls. The 

percentage of NO radical scavenging activity was measured by 

Eqn. (1).   

Ferric Reducing Power Assay 

The reducing power activity was analyzed (19) with slight 
modification. In this study, several concentrations of AgNPs 

solutions 10, 20, 30, 40, 50, 70, 90 and 100 µg/mL were combined 

with 2.5 mL of a 200 mM phosphate buffer at pH 6.6 and 2.5 mL of 

1 % potassium ferricyanide. The mixture was incubated at 50 °C 

for 20 min and then cooled rapidly. Afterward, 2.5 mL of 10 % 

trichloroacetic acid (TCA) was added and immediately 

centrifuged at 3000 rpm for 8 min at room temperature. After 

centrifugation supernatant was mixed with the same amount of 

Milli-Q water.  Then, 1 mL of 0.1 % ferric chloride solution was 

added to the upper layer and absorbance was immediately 

measured using a spectrophotometer (UV-1700 pharma spec, 

Shimadzu, Japan)  at a wavelength of 700 nm. The results were 

then compared with those of BHT, which was used as positive 

control in the experiment. The reducing power percentage was 

calculated by Eqn. (1).   

Microorganisms          

The antibacterial properties of AgNPs synthesized from in vitro 

raised plants of H. wightianum were evaluated against Escherichia 

coli, Vibrio cholerae, S. aureus, P. aeruginosa, Mycobacterium, 

Salmonella typhi, Bacillus subtilis, Micrococcus luteus and Proteus 

mirabilis.  

Antibacterial activity study          

The assessment of the antibacterial activity of AgNPs was 

measured using the well diffusion method (20). The bacterial 

cultures were incubated overnight and then inoculated by evenly 

spreading them over freshly prepared nutrient broth plates. 100 

µL of 24 hr old bacterial culture was swabbed (sterile cotton 

swabs) on the solidified broth plates. Wells were made by a well 

cutter and 35 µL of different concentrations of the AgNPs (20, 40 

and 80 µg/mL) were loaded into the wells. Gentamicin (reference) 

was also loaded in one of the wells, allowed to incubate at 37 °C 

for 24 hr and the zone of inhibition was measured. 

Brine shrimp ecotoxicity assay         

The brine shrimp (A. salina) assay was performed (4).  Using a 

micropipette, the hatched cysts were collected and washed with 

cold water through a Millipore cellulose filter. Approximately 3 

mg of cysts were incubated in 1000 mL of seawater in a conical 

flask under aseptic laboratory conditions (26 ± 2 °C). Proper 

aeration was maintained using a fish tank air pump. A 1000 µL 

solution containing the hatched nauplii and adults ~3 mg was 

taken using a micropipette. It was then transferred into a clean 6-

well plate and counted manually (21).  

Exposure study        

An exposure study was conducted on both nauplii and adult 

brine shrimp (A. salina) for up to 72 hr, following the OECD testing 

guidelines (22). Various test concentrations (20, 40, 60, 80, 100, 

125 and 150 µg/mL) of AgNPs were added to different cultures 

and the control culture was maintained without AgNPs. In a 

conical flask 100 mL of seawater with both nauplii and adults 

was exposed to cultures, with proper aeration using an aquarium 

air pump connected using long plastic pipes provided up to the 

bottom to prevent AgNP settling. The experimental conditions 

were maintained at an initial pH of 8.1, increasing to 8.4, with a 

16:8 hr light cycle and a temperature of 26 ± 2 °C, during the 

entire experiment. No food was provided to the test organisms 

during the experimental period. The mortality percentages and 

LC50 value were recorded at varying exposure periods and AgNPs 

concentrations were noted. 

(Eqn. 1) 

DPPH radical scavenging activity (%) =  

Mortality % = 
(Eqn. 2) 
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Each experiment was conducted in triplicate alongside the 

control and the % of mortality rate was calculated using the 

following formula:  

   

Results and Discussions 

The characterization of nanoparticles is based on their size and 
shape, surface area and disparity; these homogeneity 

properties play a key role in many applications (23). The 

understanding and management of nanoparticle synthesis and 

their applications are significant. The characterization of green-

synthesized nanoparticles is achieved using various 

techniques, including UV-Visible, FE-SEM, XRD, FTIR and TEM (4, 

13, 14). When the plant extract was combined with AgNO3 

solution and kept at room temperature, colour change 

occurred within an hour. The colour changed from pale yellow 

to dark brown as shown in (Fig. 1a-c) and this transformation 

shows the formation of AgNPs. The green synthesis method is 

efficient and rapid, which was well documented by several 

researchers who have worked with different plant systems (3, 

12). The colour change was due to the excitation of surface 

plasmon vibrations during the reaction of plant extract with 

AgNO3 (24). Silver is known as a good antimicrobial agent 

against various pathogens. It has good antioxidant potential 

also. Due to these properties, nowadays, researchers pay more 

attention to the green synthesis of AgNPs using different plant 

parts.  

UV-Visible spectra        

UV-Visible absorption spectroscopy is a valuable technique for 

monitoring the reduction of silver ions (Ag+) into neutral silver 

atoms (Ag0) during the biosynthesis of AgNPs using plant 

extracts. The presence of surface plasmon resonance (SPR) in 

AgNPs is evident from the absorption band between 450-500 nm 

(25). Specifically, our UV-Vis analysis revealed a distinct 

absorbance peak at 480 nm (Fig. 1c), indicating protein-ligand 

complex formation and structural changes in proteins (26). The 

bioreduction of AgNPs from aqueous AgNO3 solution was 

indirectly examined using UV-Vis spectroscopy (Fig. 1a & b). The 

SPR peak formation depends on several factors like the 

formation of particles, size, structure and shape of the 

nanoparticles (27, 28). Two or additional SPR bands correspond 

to the anisotropic molecules, whereas a single SPR band 

resembles the spherical form of nanoparticles. Notably, current 

biosynthesized AgNPs showed a spherical nature because single 

SPR bands were exhibited in the spectrum. The presence of 

flavone derivatives, hyperwightin B and benzophenone 

glycosides in H. wightianum plant extract likely plays a crucial 

role in reducing and stabilizing biosynthesized AgNPs.  

FTIR spectral analysis         

Fig. 2 shows the FTIR spectrum of the synthesized AgNPs. It 

reveals the probable biomolecules existing in the plant extract, 

which are responsible for the bioreduction of silver ions and 

their interface with the synthesized AgNPs. The absorbance 

band analysis in bio-reduction was observed in the region of 

500 - 4000 cm-1. The IR band of AgNPs showed intense bands at 

3330.15 cm-1, 2930.23 cm-1, 2359.69 cm-1, 1605.15 cm-1, 1380.15 

cm-1 and 1020.98 cm-1 (Fig. 2a). The IR band of plant extract 

showed intense bands at 3339.65 cm-1, 2949.03 cm-1, 1675.35 

cm-1 and 1415.85 cm-1 (Fig. 2b) and significant variance was 

observed among the spectral positions of the IR bands in plant 

extract and AgNPs due to the reduction process. The broad 

band at 3330.15 cm-1 corresponds to the strong stretching 

vibrations of the hydroxyl group (-OH) of steroid sapogenin; this 

broad band was reduced from the extract of the 3339.65 cm-1 

spectrum. The broad band at 2930.23 cm-1 corresponds to the 

broad strong stretching of amine salt N-H stretching; this broad 

band was reduced from extract of 2949.03 cm-1 spectrum. The 

sharp two pronounced peaks observed at 1605.15 cm-1 and 

1380.15 cm-1 can indicate the C=H and C=C stretching 

vibrations, which suggests the presence of alcohol and alkene 

groups within the plant extract that may play a role in the 

reduction process (29). Additionally, the IR band of plant 

extract exhibited a significant band at 1675.35 cm-1 associated 

with the (C=C) stretching mode and NH2 scissoring (1°-amines) 

groups from primary amines and this peak shifted to 1605.15 

cm-1, suggesting the potential interaction of these above-

 

Fig. 1. UV-Visible spectra of biosynthesized AgNPs using in vitro raised plant extract. (a): extract; (b): colour changed after adding AgNo3; (c): 
different time interval.  
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mentioned functional groups in AgNPs synthesis. This amine 

band indicates that hyperwightin derivatives can bind to Ag+ 

through alcohol and alkene groups (30). The major peaks at 

2930.23 cm-1 and 2359.69 cm-1  could be assigned to the C H 

stretching vibrations of methyl, methylene and methoxy 

groups (31). The mechanism of adsorption and capping of 

AgNPs by H. wightianum can be explained through the 

coordination of the carbonyl bond (1020.98 cm-1), therefore, 

electron transfer from C O to biosynthesized AgNPs (32). This 

result suggests that hyperwightin derivatives are related to the 

AgNPs and also their secondary metabolite structures were not 

changed during the reaction with silver ions or after binding 

with AgNPs. 

XRD         

The XRD pattern of biosynthesized AgNPs using the plant 

extract is shown in Fig. 3. The different distinct peaks at 25.78°, 

39.41°, 41.37° and 76.26° correspond to the (0 1 2), (1 1 1), (1 0 1) 

and (3 1 1) planes of standard XRD peak reflections of silver 

crystal. This structural pattern also confirms and represents the 

spherical crystalline structure of AgNPs. The sharp peaks in the 

XRD pattern confirm the nature of biosynthesized AgNPs, 

aligning with previous reports (34, 35, 36). The average size of 

the biosynthesized AgNPs was calculated using the Debye-

Scherrer formula to be 14.20 nm, which was slightly smaller 

than the average particle size determined by TEM analysis. 

FE-SEM with EDX analysis          

The morphology and particle size of bio-synthesized AgNPs 

were investigated by utilizing FE-SEM. FE-SEM analysis provide 

and revealed that the synthesized AgNPs exhibited rocky 

surface morphology with a diameter ranging from 30 to 40 nm. 

 

Fig. 3. XRD pattern of biosynthesized silver nanoparticles using plant extract. The planes (0 1 2), (1 1 1), (1 0 1) and (3 1 1) correspond to the 
standard XRD of silver crystal.  

 

Fig. 2. FTIR analysis: (a) plant extract; (b) biosynthesized AgNPs.  
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(Fig. 4a & b). The FE-SEM images of AgNPs suggest the joining of 

mono-dispersed AgNPs of high thickness. The previous study 

(12) reported that the diameter of the spherical AgNPs during 

synthesis with C. thwaitesii varied from 80 to 100 nm. When 

Eucalyptus globulus leaf broth was used yielded results varied, 

70 to 100 nm (37). Higher magnification of FE-SEM images 

shows the surfaces of the deposited AgNPs clearly. The 

elemental composition and purity of elemental silver is 

typically identified by the EDX analysis, which shows the 

conservation of silver ions to elemental silver within the 

reaction mixture. The EDX spectrum (Fig. 4c) shows prominent 

metallic Ag signals. It is clear from the data obtained by EDX 

that silver content in percentage terms was 79.2 % with 

chlorine and carbon accounting 1.5 % and 6.4 % respectively 

(Fig. 4d). The presence of other signals, such as chlorine and 

carbon were also detected, suggesting the presence of organic 

moieties derived from plant extract used in the synthesis 

process. These organic molecules act as capping agents, 

stabilizing the nanoparticles and preventing aggregation. The 

presence of chlorine indicates that these organic moieties 

contain chloride groups, which function as capping agents. 

These findings demonstrate a phytochemical-mediated 

synthesis pathway, where plant extracts play a dual role in 

reducing silver ions into nanoparticles and capping them for 

enhanced stability. The most dominant sharp signal in the 

range 2.5 - 3.5 keV is for silver, which is distinctive for the 

absorption of crystalline AgNPs (3). Similar findings were 

reported by a recent study (13) for AgNPs synthesis using 

Dianthus chinensis that observed individual spherical-shaped 

AgNPs in the 2 - 4 keV range. Another study (12) also reported 

individual spherical-shaped AgNPs obtained at 3 keV using C. 

thwaitesii. 

TEM-SAED study         

TEM images of individual biosynthesized AgNPs and their 
aggregates are shown in Fig. 5a-f. The images reveal that AgNPs 

were predominantly spherical and majority of the particles 

ranged from 10-100 nm (Fig. 5f). The average size of the 

crystalline AgNPs was determined to be 16.47 nm in diameter. 

Most of the particles were spherical in shape, with a tendency 

to mostly aggregate. However, individual particles were also 

present. The biomolecular coating on the surface layer of 

AgNPs is visible in Fig. 5c. This surface coating, comprising 

biomolecules of the plant extract, contributes to the enhanced 

stability of the AgNPs due to the capping effect of organic 

constituents (38). Selected area electron diffraction (SAED) 

patterns confirmed the presence of elemental AgNPs with a 

Fig. 4. (a & b) SEM micrograph showing spherical AgNPs with the size of 40 nm and100 k× magnification; (c) EDX spectrum shows strong peak 
of silver metal; (d) percentage of elements.  

a b 
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Fig. 5. TEM micrograph showing size of AgNPs with SAED pattern with different magnification.  
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low polydispersity index (PDI), indicating a monodisperse in 

nature. SAED helps to understand the arrangement of atoms 

within the nanoparticles and their crystallinity, which affects 

their properties during the application. The SAED pattern 

further confirmed the presence of elemental AgNPs.  

Antioxidant activity         

Numerous methods are available to evaluate the antioxidant 

activity. In vitro antioxidant screening typically employs several 

assays, like DPPH, H2O2 scavenging assay, NO scavenging assay 

and reducing power activities. Due to the complexity of 

oxidative processes, the assessment of total antioxidant 

activity of an antioxidant substance cannot be evaluated by 

using a single method alone. Therefore, to evaluate the total 

antioxidant activity at least two methods should be employed 

(39). The present study was undertaken to demonstrate the 

antioxidant capacity of the AgNPs synthesized using the extract 

by four different in vitro methods. 

DPPH assay        

The antioxidant activity of biosynthesized AgNPs was evaluated 
using the DPPH assay, which measures the reduction of DPPH 

through spectrophotometric analysis of the colour change (3). 

The results demonstrate that both AgNPs and BHT) exhibit 

antioxidant activity. Notably, AgNPs exhibited 79.5 % antioxidant 

activity while BHT has 75 % antioxidant activity at 100 µg/mL 

(Fig. 6a). DPPH scavenging activity of AgNPs increased, based on 

the reduction of DPPH through electron or hydrogen donation in 

the reaction solution. At 79.5 % scavenging activity, AgNPs 

exhibited significant inhibition, evident from the colour change 

upon adding AgNPs to the DPPH solution. As the AgNPs 

concentration increased from 10 µg/mL to 100 µg/mL, absorbance 

at 517 nm decreased; it generally indicates an increase in 

antioxidant activity. This is because of the decrease in absorbance 

at 517 nm. DPPH assay suggests that the nanoparticles were 

scavenging free radicals, which are responsible for the colour 

change of DPPH at that wavelength.  

H2O2 scavenging assay          

The effect of AgNPs by measuring their ability to neutralize 

H2O2, a reactive oxygen species is illustrated in Fig. 6b. Notably, 

AgNPs exhibited 83.2 % H2O2 scavenging activity while the 

standard ascorbic acid showed 80 % H2O2 scavenging activity at 

100 µg/mL. This enhanced activity is attributed to the size and 

crystalline nature of AgNPs. This result proved that AgNPs have 

strong H2O2 scavenging activity, which is comparable with that 

of ascorbic acid. The free radical scavenging activity is likely 

due to the presence of phyto compounds, especially flavonol, 

glycosides and phloroglucinols, which donate the hydrogen 

atoms in their OH groups (40). This result proved that a higher 

percentage of H2O2 scavenging indicates a greater antioxidant 

capacity of the AgNPs. 

NO scavenging assay         

 NO is an important bioregulatory molecule required for many 

biological processes and acts as a signaling molecule with 

multiple biological functions in plants. The NO scavenging 

activity of biosynthesized AgNPs was evaluated and compared 

with that of standard BHT. The NO scavenging activity of AgNPs 

was found to be concentration dependent, which increased 

steadily from 10 µg/mL to 100 µg/mL. The AgNPs have 72 % NO 

scavenging activity while standard BHT showed 80 % at a 

higher concentration of 100 µg/mL (Fig. 6c). The results indicate 

that BHT has greater NO scavenging activity than AgNPs. The 

observed difference can be explained by the interaction of 

AgNPs with NO radicals, which are characterized by their high 

unstable and electronegativity and allowing them to accept 

electrons.  This interaction can involve the AgNPs acting as 

electron donors, reacting with the NO radicals to form less 

reactive species from the AgNPs (42).  

Ferric reducing power assay          

The reducing power of biosynthesized AgNPs derived from plant 
extracts was found to be concentration dependent, which 

increased correspondingly with increasing AgNPs concentration. 

Since the concentration of AgNPs was increased from 10 µg/mL to 

100 µg/mL, the reducing power also increased from 15 % to 71 %, 

whereas standard BHT exhibited 81.5 % reducing power (Fig. 6d). 

The reducing power of AgNPs may serve as a significant indicator 

of their potential antioxidant activity (23). So, the present assay 

shows the presence of antioxidants in in vitro raised H. 

wightianum extract, which reduced the ferricyanide/Fe3+ complex 

to its ferrous form. The reducing power increased with the 

concentration of phyto compounds, especially flavonol 

glycosides and phloroglucinols and other chemical constituents 

of the extract. Generally, the antioxidant potential of AgNPs 

depends on the chemical moieties present in the extract. If the 

plant extract is rich in flavonoids and phenolic compounds, the 

NPs showed high scavenging activity (3). The free O-H group on 

the aromatic ring is responsible for the antioxidant properties. 

The hydrogen of O-H on the aromatic ring was donated to the free 

radical, resulting in the stability of the free radical species. (14). 

These results confirmed the antioxidant abilities of AgNPs and 

agree with previously studied plant-based AgNPs (10). Notably, 

the reducing powers of AgNPs also increased with increasing 

concentrations. These results indicate that biosynthesized AgNPs 

can react with free radicals to convert them into stable, non-

reactive species and to terminate radical chain reactions (43).  

Antibacterial activity          

The biosynthesized AgNPs exhibited notable antibacterial activity 

against selected bacteria (Fig. 7a-d). Specifically, the antibacterial 

activity of AgNPs was found to depend on the bacterial species 

and AgNPs showed minimal activity against E .coli with a zone of 

inhibition 5 mm and no activity against some other bacteria. 

AgNPs demonstrated higher antibacterial activity against P. 

aeruginosa (Gram-negative) and S. aureus (Gram-positive) with a 

zone of inhibition 14 mm and 15 mm, respectively as shown in Fig. 

7b & c. This disparity is likely due to differences in cell wall 

structure between Gram-positive and Gram-negative bacteria. 

The significant bactericidal effect observed can be attributed to 

the release of silver cations from AgNPs, which serve as a source of 

the Ag+  bactericidal agent (44). AgNPs penetration into bacterial 

cell walls leads to inactivating cellular proteins and enzymes, 

generating H2O2 and ultimately leading to bacterial cell death (45, 

46). AgNPs are widely used as antimicrobial agents in wound 

dressings, catheters, the food industry and other medical devices. 

They are effective against a broad spectrum of bacteria, fungi and 

viruses. In the food industry, microbial contamination is one of the 

main problems of food, resulting in spoilage and foodborne 

diseases. AgNPs were used to extend shelf life and prevent 
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microbial growth. (47). Therefore, AgNPs can be utilized in the 

food industry to inhibit food spoilage, enhancing food quality 

assurance systems throughout the production processes (48). 

Besides, it may be used in medical instruments and food 

packaging (49). Notably, biologically synthesized AgNPs using 

various plant extracts have demonstrated similar potent 

bactericidal activity (13, 50, 51).  

Ecotoxicity studies         

The ecotoxicity of AgNPs to A. salina and nauplii after 12 to72 hr 

exposure were studied and results are shown in Fig. 8. After 24 hr 

of exposure, no mortality was observed in treatments and 

controls, whereas 72 hr exposure resulted in increased mortality 

rates, ranging from 15 - 35.23 % for nauplii and 14 - 30 % for 

adults. Mortality rates were significantly higher at high exposure 

time, with nauplii exhibiting 30.27 - 69 % mortality and adults 

showing 25.34 - 65 % mortality. At 6 hr, NPs treatment exhibited 0 

- 4 % and 0 - 5 % mortality rates in adult and nauplii respectively, 

with controls not affected.  From the results, the mortality rate 

was dose and time (12 to 72 hr) dependent in the range of 20 µg/

mL to 150 µg/mL in nauplii and adults. As shown in Fig. 9, both 

nauplii and adult A. salina exhibited almost the same levels of 

momentum and exposure time-dependent mortality, when 

exposed to different concentrations of AgNPs (20 -150 µg/mL) for 

different periods of exposure (6 - 72 hr). When exposed for 72 hr, 

the mortality was below 30 % at 20 µg/mL and about  70 % at 150 

µg/mL. No mortality was observed when exposed for only 6 hr. 

The adult mortality rate was less than nauplii. The nauplii 

mortality rate rose from zero at 20 µg/mL to 5 % at 150 µg/mL for 

12 hr of exposure. This suggests that the binary compound 

AgNPs suspensions did not cause an acute toxic effect in nauplii, 

even at high concentrations of 80 µg/mL within an hour after 24 

hr of exposure. AgNPs were not toxic to the adult and nauplii at 

optimum concentration and long exposure times (52). The LC50 

values for nauplii were 447.30 µg/mL at 24 hr and 101.94 µg/mL 

at 72 hr, while adult LC50 values were 480.6 µg/mL at 24 hr and 

100 µg/mL at 72 hr. LC50 rates were varied according to exposure 

time and AgNPs concentration during the experiment. Based on 

the LC50 value, these findings suggest that AgNPs colloidal 

suspensions are toxic to nauplii and adults at elevated levels, 

with prolonged exposure increasing mortality risk (21). The low 

acute toxicity effect was also observed on nauplii (53). AgNPs 

Fig. 6. Antioxidant activity of biosynthesized AgNPs from in vitro raised plant extracts. (a): DPPH; (b): H2O2 scavenging activity; (c): NO scaveng-
ing assay; (d): Ferric reducing power assay.  
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Fig. 7. Antimicrobial activity of synthesized AgNPs against various pathogenic bacterial strains with different concentrations (40 and 80 µg/mL,  
standard antibiotic).  

Fig. 8. Percent mortality rates for Artemia nauplii measured for up to 72 hr exposure to different concentration of colloidal biosynthesized AgNPs.  
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Fig. 9. Accumulation of AgNPs in Artemia adult and nauplii at 24 hr and 72 hr exposure.  
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reduced toxicity may be attributed to size and surface area 

reduction due to agglomeration in colloidal conditions and 

inside Artemia guts (54). Our result implies that prolonged 

exposure at 72 hr increases the mortality risk of Artemia nauplii 

and adults. The uptake of nanoparticles by Artemia is influenced 

by the NPs concentration and exposure time, while the size of 

the NPs was not a major factor (55).  

Conclusion  

In this study, we have effectively synthesized AgNPs using the in 

vitro plant extract of H. wightianum using simple technique of 

biosynthesis. Secondary metabolites in plant extracts are good 

reducing and capping agents for the green synthesis of AgNPs. 

The green synthesized AgNPs have been used in a wide range of 

pharmaceutical and medical applications because of their 

antibacterial and antioxidant properties. FE-SEM and TEM 

analysis revealed the crystalline nature of biosynthesized AgNPs 

with an average particle size of 16.47 nm. The antibacterial 

potential was high for the in vitro based plant extract-capped 

AgNPs against Gram-negative rather than Gram-positive 

bacteria. Moreover, the free radical scavenging ability of these 

nanoparticles was remarkable; Artemia showed only mortality at 

72 hr of exposure to AgNPs. These results concluded that the 

colloidal AgNPs were nontoxic to Artemia. The green synthesis 

approaches have been suggested as economical alternatives to 

the physical and chemical nano-synthesis techniques. Hence, 

this approach holds potential evidence for the large-scale 

production of AgNPs developed from plant extract in food 

packaging. The antibacterial activity assays and antioxidant 

assay result ensures the usage in the pharmaceutical industries 

and might be of value for many biotechnological and medicinal 

applications. Further studies will focus on AgNPs 

pharmacological applications.  
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