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Abstract  

The present study aimed to synthesise silver nanoparticles using an 

aqueous leaf extract of Senna sophera (L.) Roxb. (Fabaceae) to evaluate 

their antioxidant, antibacterial and anticancer activity. The silver 

nanoparticles (AgNPs) produced were characterized by different 

spectroscopic and microscopic techniques namely; UV-Vis spectroscopy, 

FTIR, DLS, XRD and TEM. The prominent peak at 424 nm in UV-Vis 

spectroscopy confirms the synthesis of nanoparticles, FTIR spectra confirms 

the presence of polyphenols and proteins from the leaf extract which 

mainly acts as reducing, capping and stabilizing agent. DLS results confirm 

the negative value of zeta potential and the XRD results revealed that the 

AgNPs are crystalline in nature with a face-centered cubic nature. TEM 

micrograph images indicate that the nanoparticles are 5-35 nm without any 

agglomeration. EDX result revealed that the weight % of nanoparticles is 

69.56 %, indicating the purity of the sample. Biosynthesized AgNPs show 

effective DPPH, H2O2 scavenging activity and FRAP assay. AgNPs show 

strong antibacterial activity against Escherichia coli, Klebsiella pneumonia, 

Salmonella typhi, Bacillus subtilis and Staphylococcus aureus with an 

inhibition zone of 17.6, 16.03, 15.66, 14.13 and 12.33 mm respectively. The 

antibacterial activity of leaf aqueous extract at different concentrations of 

AgNPs revealed the efficacy against Salmonella typhi. Further AgNPs 

exhibited good cytotoxic properties against HepG2 cell line with the IC50 

value of 95.52 μg/mL. The silver nanoparticles were successfully 

synthesized using Senna sophera leaf extract, proving it to be an 

economical, environmentally benign and sustainable method for its 

applications in pharmaceutical field.  

Keywords   

Silver nanoparticles; Phytofabrication; Senna sophera; fever; Fourier-

transform infrared spectroscopy; HepG2   

Introduction  

Nanoscience and nanotechnology deal with the study of the application of 

very minute particles used in various scientific fields, such as chemistry, 

biology, physics, material science and engineering (1).  A high surface area, 

high optical and magnetic properties and high mechanical and thermal 

stability are a few of their characteristics (2).  
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To benefit from enhanced properties like stronger, 

lighter, more controllable light spectrum and higher 

chemical reactivity compared to their larger-scale 

equivalents, modern scientists and engineers are 

recognising a variety of methods for painstakingly creating 

materials based on nanoparticles (3). Because of their 

distinct physical, chemical and biological characteristics, 

nanoparticles are useful in all industrial sectors (4). Phyto-

fabrication of nanoparticles is eco-friendly, non-toxic, cost

-effective and more stable when compared to other 

physical and chemical methods (5).  

In recent times, a novel and prominent part of 

nanotechnology is the plant-mediated green synthesis of 

silver nanoparticles (AgNPs) (6). Because of its eco-friendly 

and worthwhileness, with minimum toxicity compared to 

chemical hazards, it came out and procured importance 

(7). Green synthesis includes several benefits over physical 

and chemical nanoparticle creation. The phyto-mediated 

synthesis process is non-toxic, eco-friendly, cost-effective 

and requires less energy (8).  

Several bioactive compounds like carbohydrates, 

glycosides, alkaloids, polyphenols, terpenoids, ascorbic 

acid, amino acids and oxalic acid are present in plant 

extracts (9). Phytochemicals carry out the reduction of 

metal ions and the stabilization of nanoparticles. 

Furthermore, flavonoids with several functional groups 

have the ability to create nanoparticles (10). Metal 

nanoparticles (MNPs) have received significant attention 

due to their applications in different fields of technology 

(11). Silver, gold, copper, iron, zinc, platinum and other 

metal-based nanoparticles have got a lot of attention in 

medicine (12). Due to their remarkable biological 

activities, AgNPs have acquired a high approach in the 

present situation (13). AgNPs are widely used in cosmetics, 

food storage, textiles, health-related products, household, 

medical device coating, pharmaceutical, drug delivery, 

anticancer, antimicrobial and optical sensors (14).  

In this regard, plant-mediated silver nanoparticles 

exhibit more biological activities than those nanoparticles 

synthesized by chemical processes. Previous studies have 

shown that various parts of plants, such as leaves, roots, 

stem, bark, fruits and latex may be used to produce AgNPs 

(8). 

According to World Cancer Research Fund 

International (15), a new case of liver cancer was 

diagnosed every nine seconds in 2020, making it the sixth 

most common type of cancer in the world. It is mostly seen 

in men rather than women and is the second most 

common reason for death due to cancer. As the age 

increases, the risk also increases. Most of the cases are 

diagnosed at 75 years and above. Less developed 

countries show about 83 % of liver cancer cases, having 

the highest incidence in Asia and Africa (16). Symptoms 

like being overweight/obese, drinking alcohol and eating 

food contaminated by aflatoxins (toxins from certain 

fungi) are the prime reasons for liver cancer (15). Cirrhosis, 

chronic viral hepatitis, long use of oral contraceptives 

having large doses of estrogen and progesterone, and 

smoking, increase the chances of affecting liver cancer 

(17). Patients having cirrhosis (scarring of the liver due to 

earlier damage) develop hepatocellular carcinoma easily. 

Nearly 90-95 % of people with hepatocellular carcinoma 

have underlying cirrhosis. So, any reason for cirrhosis, may 

be viral or chemical, increases the risk of cancer (15, 18). In 

India, liver cancer is gradually becoming one of the most 

common cancers and malignancies due to its fast growth. 

It affects around 3-5 % of every 100000 individuals, 

resulting in 30000-50000 new cases annually (19).  

Senna sophera (L.) Roxb. (Family: Fabaceae) is an 

annual shrub found in tropical countries. Popularly the 

plant is used to treat various respiratory diseases (20) and 

seeds are used for the management of diabetics (21), 

leaves are used for jaundice, piles, interstitial and 

bronchial muscle relaxants, all parts are used for skin 

diseases, bronchitis, asthma (22), roots used for analgesic 

and anti-inflammatory (23), the plant is used for psoriasis, 

asthma, pityriasis, acute bronchitis, cough (24). The 

Yanadis, Chenchus tribals, traditional healers and rural 

people of the Nellore district of Andhra Pradesh use S. 

sophera roasted leaf powder as a recipe (made by mixing 

red chilli and allium) for controlling fever, especially 

mentioned by them as “sannipata jwaramu” and in 

modern terms it is typhoid fever and body ache. It is also 

claimed to be the best remedy for jaundice. Therefore, 

present study aims to determine the effect of S. sophera 

leaf aqueous extract mediated synthesized silver 

nanoparticle (SS-AgNPs) and its antibacterial, antioxidant 

and anticancer activities.  

Materials and Methods 

Plant materials 

The healthy Senna sophera (L.) Roxb. leaves were used for 

the present study (Fig. 1 a and b). The leaves were 

collected from the Udayagiri region of Nellore district of 

Andhra Pradesh, India (14°53'41.1"N; 79°16'11.3"E). The 

voucher specimen (GP 118) had been deposited in the 

Department of Botany, Sri Venkateswara University, 

Tirupati, Andhra Pradesh. All the chemicals and mediums 

used in this work were procured from Hi-Media 

Laboratories Pvt. Ltd. Mumbai. 

Preparation of leaf extract 

The leaves were brought to the laboratory and washed 

with tap water, followed by distilled water to remove the 

dust particles on the surface of the leaves. The rinsed 

leaves were allowed to shade dry for a week. After 

completely drying, the leaves were grounded into a fine 

powder. The aqueous leaf extract of S. sophera was 

prepared by using 5 g of fine powder in 100 mL boiling 

distilled water for 10 min. The extract was then filtered 

through cheesecloth followed by Whatman No.1 filter 

paper. The filtered extract was stored at 4 oC for further 

use.  

Green synthesis of silver nanoparticles  

10 mL of aqueous leaf extract of S. sophera was added to 

90 mL of 1 mM AgNO3 solution and the reaction mixture 

was allowed to come at room temperature and was kept 
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in the dark. The reaction mixture's colour changes were 

often used to identify the bio-reduction of silver ions into 

nanoparticles. 

Characterization of Silver nanoparticles 

UV-Vis spectroscopy is used to confirm the formation of 

silver nanoparticles (AgNPs) in the reaction mixture. UV-Vis 

spectrum was recorded by using Nanodrop 8000 (Thermo 

Scientifics, USA) from 200 to 700 nm with a resolution of 1 

nm. After complete reduction, the reaction mixture was 

subjected to centrifugation at 15000 rpm for 15 min. 

Separated AgNPs were redispersed in distilled water and 

purified with repeated centrifugation. The obtained AgNPs 

pellet was allowed to dry in a hot air oven at 40 °C for 24 h. 

The air-dried AgNPs powder was used for further 

characterization and applications. FTIR spectroscopy was 

used to find out the functional groups from the plant 

aqueous extract which are involved in the reduction 

reaction. FTIR analysis of dried leaf powder and SS-AgNPs 

analyzed for the presence of the possible functional 

groups responsible for reducing nanoparticles using 

SHIMADZU IR Affinity-1 spectrometer (Bruker Tensor 27, 

Thermo Scientifics, USA) in the range of 500-4000 cm-1 with 

the resolution of 2 cm-1. Dynamic light scattering was used 

to determine particle size and zeta potential of 

synthesized silver nanoparticles (Nano partica SZ 100 

Horiba). The morphological structures like the shape and 

size of SS-AgNPs were analyzed using HR-TEM equipped 

with EDAX (FEI-TECNAI, G2-20 TWIN). EDAX analyzed the 

weight % of synthesized SA-AgNPs. XRD analysis revealed 

the nanoparticles' crystalline nature (Bruker D8 Advance, 

Panalytical X Pert3). 

In vitro Antioxidant activity 

DPPH free radical scavenging assay 

The SS-AgNPs and plant aqueous extract were tested for in 

vitro antioxidant activity with 1,1-diphenyl-2-picryl-

hydrazyl (DPPH) assay method (25). For the DPPH stock 

solution preparation, 4 g of DPPH was diluted into 100 mL 

methanol solution. From stock, 2 mL of 1mM DPPH 

solution was added to 1 mL of metabolic SS-AgNPs of 

different concentrations (20, 40, 60, 80 and 100 µg/mL). 

The reaction mixture was incubated in dark for 45 min. 

After the incubation period, the absorbance was recorded 

at 517 nm with a UV-Vis spectrometer (SHIMADZU UV-

1800). Methanol was used as the blank, while a 1 mM DPPH 

solution served as the control. The standard used was 

ascorbic acid. 

H2O2 radical scavenging assay 

In vitro H2O2 radical scavenging assay was followed 

according to the standard method (26).1 mL of different 

concentrated leaf extract/ SS-AgNPs (20, 40, 60, 80, 100 µg/

mL) was mixed with 2 mL H2O2 solution which was 

prepared in Phosphate buffer (40 mM, pH 7.4). After 

incubating the reaction mixture for 10 min, UV-visible 

spectroscopy (SHIMADZU UV-1800) was used to measure 

the absorbance at 230 nm. The IC50 values were calculated 

through a linear regression coefficient graph.  

The scavenging activity of DPPH and H2O2 by SS-AgNPs 

was calculated using the following formula. 

FRAP assay 

Ferric reducing antioxidant power (FRAP) assay was 

followed according to Oyaizu (27) method. Various 

concentrations of leaf extract/ SS-AgNPs (20, 40, 60, 80, 100 

µg/mL) were incubated with phosphate buffer (0.2 M, pH: 

6.6, 2.5 mL) and potassium ferricyanide (1 %, 2.5 mL) and 

the reaction mixture was incubated for 30 min at 50 °C. After 

the incubation period, trichloroacetic acid (10 %, 2.5 mL) 

was added to the reaction mixture and centrifuged at 3000 

rpm for 10 min. 2.5 mL of supernatant, 2.5 mL of distilled 

water and FeCl3 (0.01 %, 0.5 mL) were added to the reaction 

flask and was vortexed for 3 min. The absorbance was 

recorded at 700 nm.  

Antibacterial activity of SS-AgNPs 

SS-AgNPs were analyzed for antimicrobial activity against 2 

Gram-positive bacterial strains Staphylococcus aureus 

(MTCC-7443) and Bacillus subtilis (MTCC-441) and three 

Gram-negative bacterial strains Escherichia coli (MTCC-443), 

Klebsiella pneumoniae (MTCC-8911) and Salmonella typhi 

(MTCC-3224) procured from the Department of 

Microbiology, Sri Venkateswara University, Tirupati, Andhra 

Pradesh, India. The disc diffusion assay method was carried 

Radical Scavening activity % = 

Control Absorbance - Sample Absorbance 

Control Absorbance 
X 100 

Fig. 1 a. Habitat of Senna sophera plant; b. A vegetable vendor selling Senna sophera leaves to be used as vegetable in the local market of Udayagiri, 
Nellore district of Andhra Pradesh. 



PRATAP   ET AL  1192  

https://plantsciencetoday.online 

out using a standard protocol (28). 20 µL of plant extract, 

AgNO3, and 20, 40 µg/mL SS-AgNPs were impregnated in 

The Whatman No. 1 filter paper, which was then put on the 

agar medium after being allowed to dry. Ciprofloxacin (5 µg) 

was used as a standard control. All the samples were kept in 

the same plate and incubated at 37 °C for 24 h. The 

experiment was repeated thrice. The diameter of the 

inhibition zone was measured in millimetres (mm) with the 

help of a ruler and recorded in a table. 

Anticancer activity 

The 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium 
bromide (MTT) test, developed by Mosmann, was used to 

assess the anticancer activity of the SS-AgNPs (29). The 

National Centre for Cellular Sciences, located in Pune, India, 

provided the HepG2 cancer cell lines. Penicillin, 

streptomycin and 10 % FBS were added to Dulbecco's 

Modified Eagle's medium, which was used to cultivate the 

cancer cells.  In 96-well plates, 5 × 103 cells were kept and 

the cells were cultured in a CO2 (5 %) incubator for 12 h. 

Various SS-AgNP concentrations (12.5, 25, 50, 100 and 200 

μg/mL) were added to each well after 12 h and the wells 

were incubated for another 24 h. Each well received 10 μL of 

MTT (5 mg/mL in PBS) after 24 h, and was incubated for 

further 4 h. Following a 4 h incubation period, the medium 

and MTT were removed and formazan crystals were 

dissolved in 100 μL of dimethyl sulfoxide (DMSO). An ELISA 

reader was then used to record the absorbance values at 

570 nm. The IC50 was calculated by linear regression 

coefficient (R2 = 0.9). 

Results and Discussion 

UV-Vis analysis 

The SS-AgNPs were synthesized by adding 10 mL of 

aqueous plant extract as a reducing agent to 90 mL of 1 mM 

AgNO3. The formation of nanoparticles was initially 

confirmed by a change in the colour of the solution from 

yellow to brown. The colour changes of the sample after 

adding 1 mM AgNO3 was due to the reduction of silver ions 

by the biomolecules found in the sample. A collective 

oscillation of electrons occurs in silver nanoparticles. These 

oscillations affect the light interactions with nanoparticles. 

A particle's shape and size determine certain oscillations. 

So, nanoparticles are in various sizes and shapes and have 

various colors. The concentration of plant extract affects the 

colour intensity as well (30). The principal mechanism 

related to AgNP synthesis is the electrostatic interaction 

between the functional groups of respective active 

constituents of plant extract and Ag+ ion (31). UV-Vis spectral 

pattern confirmed the development of SS-AgNPs in the 

reaction mixture showing maximum absorbance peak at 

424 nm (Fig. 2). The nature and chemistry of the dispersion 

medium as well as the size and form of the metal 

nanoparticles, determine the interaction (33). Surface 

plasma resonance (SPR) produces a large UV-Vis peak 

between 400 and 450 nm, which suggests that tiny, 

spherically-shaped AgNPs are forming in solution. The result 

of the interaction between light photons and the 

conduction electrons of metal nanoparticles is a resonance 

phenomenon known as surface plasmon resonance (SPR). 

Same type of results was found in the tuber-mediated 

synthesis of AgNPs from Jatropha heynei (32).  

FTIR analysis 

The FTIR spectroscopic analysis was performed to identify 
the functional groups from plant extract responsible for 

reducing, capping and stabilizing the AgNPs (Fig. 3). The 

FTIR spectra of SS-AgNPs showing the strong and broad 

peak in 3228 cm-1 represent the O-H stretch vibration of 

polyphenolic compounds (33). The peak at 2920 and 2850 

cm-1 corresponds to the C-H stretch vibration of alkenes. 

The IR band at 1753 cm-1 is due to C=O stretch carboxylic 

acids, band at 1600 cm-1 is due to N-H bend 1° amines. The 

IR band at 1350 cm-1 is due to N-O symmetric stretch nitro 

compounds. The IR band at 1041 cm-1 corresponds to C-N 

stretch aliphatic amines and the band at 547 cm-1 

corresponds to C-Br stretch alkyl halides. FTIR spectra 

confirmed the participation of the bioactive compounds 

present in the SS leaf aqueous extract (hydroxyl groups of 

polyphenols and amid groups of proteins) involved in the 

biosynthesis and stabilization of SS-AgNPs. Phytochemical 

coated/capped SS-AgNPs confer stability for SS-AgNPs by 

preventing agglomeration (32). 

Fig. 2. UV-Vis absorption spectra of SS-AgNPs; a. aqueous leaf extract;  
b. SS-AgNPs Fig. 3. FTIR analysis of dried powder and SS-AgNPs synthesis of nanoparticles.  
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DLS analysis 

Particle size analysis of SS-AgNPs DLS showed the average 

hydrodynamic size of NPs to be 20-70 nm in size with an 

average hydrodynamic radius of 30.6 nm. The polydispersity 

index was recorded as 0.243 (Fig. 4 a). As a result, it was 

discovered that the biogenic AgNPs PDI values were less 

than 0.7, indicating a limited size distribution. As DLS 

measurement generally depicts the hydrodynamic diameter 

of a particle with a hydration shell, there is a difference in 

particle size measurements between TEM and DLS. The 

hydration cell consists of the stabilizer, which moves with 

the particle. Due to its poor resolution and lack of 

robustness, DLS analysis can only determine the qualitative 

characteristics of AgNPs. Hence, the results of DLS and TEM 

measurements were compared in this study. The zeta 

potential value of biosynthesized SS-AgNPs was recorded as 

-12 mV (Fig. 4 b). The zeta potential value larger than 20 mV 

and less than -20 mV has stronger electrostatic repulsion 

and hence is more likely to remain stable in solution. This 

high negative value indicates that the AgNPs are repelled by 

one another electrostatically, which keeps the 

nanoparticles from clumping together in the medium and 

ensures the formulation's long-term stability (34). Their pH 

value also influences the stability of any biosynthesized 

AgNPs; when pH rises, the zeta potential of AgNPs rises (35). 

XRD analysis 

XRD measurement verified the crystalline form of biogenic 

SS-AgNPs. The X-ray diffraction patterns of biosynthesized 

SS-AgNPs powder samples showed distinct diffraction 

peaks at 2θ angles of 38.13, 44.33, 64.42, 77.38 and 81.51, 

corresponding to the (111), (200), (220), (311) and (222) 

Bragg's reflection of the face-centered cubic (FCC) structure 

of the silver crystal respectively (Fig. 4 c). All these 

diffraction patterns agree with standard JCPDS data (File 

No. 89-3722). 

TEM analysis and EDX analysis 

TEM analysis images reveal that the sizes of SS-AgNPs were 

in the range of 5-35 nm with almost spherical shapes (Fig. 5 

a-b). At 490 kx magnification, biosynthesized nanoparticles 

clearly showed a 0.231 nm interface between 2 lattice 

fringes. The lattice fringe spacing value of 0.231 nm 

corresponds to the (111) crystal plane (Fig. 5 c) and reveals 

the dominant faces of silver spheres as (111) (32, 36). Six 

diffraction peaks that corresponded to the (111), (200), 

(220), (311) and (222) planes were seen in the SAED pattern 

(Fig. 5 d). The correlation between XRD and SAED data 

Fig. 4. DLS analysis a. Particle size distribution curve and b. Zeta potential of SS-AgNPs. c. XRD pattern of SS-AgNPs. 
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verified that the biosynthesized SS-AgNPs are FCC crystals. 

EDX analysis data revealed that the silver weight percentage 

in the synthesized sample is 69.56 % which shows strong 

peaks compared to copper (30.44 %). And some other minor 

peaks indicate the other elements like carbon and oxygen 

which are plant sources (Fig. 5 e). 

Antioxidant activity 

The antioxidant property of biosynthesized SS-AgNPs was 

estimated through a DPPH scavenging assay. The mean 

values were represented with the standard deviation 

(Mean ± SD). In the present experiment, it was determined 

that the DPPH assay of AgNPs showed 66.45 ± 2.32 % 

scavenging activity at 100 μg/mL and the value is 92.24 ± 

1.73 % for standard ascorbic acid. The 31.6 ± 3.54 % 

scavenging activity was noticed for aqueous extract at 100 

μg/mL (Graph 1a and Supplementary Graph 1). Based on 

the above results, it was concluded that the SS-AgNPs 

proved to be the most effective scavenging agent 

compared to its extract. The IC50 values of all the test 

samples (powder extract, AgNPs and ascorbic acid) 

calculated were found to be 132.7, 75.53 and 39.63 μg/mL 

respectively. 

H2O2 radical scavenging assay SS-AgNPs were 

carried out and represented in Graph 1b. At 100 μg/mL 

concentration, AgNPs showed 49.41 ± 2.52 %, 55.38 ± 0.97 

% and 67.92 ± 1.35 % inhibition for aqueous extract, 

AgNPS and ascorbic acid respectively. The IC50 values were 

noticed at 122.93, 87.01 and 65.49 μg/mL (Supplementary 

Graph 2).  

The reducing power was estimated based on the 

extract/ SS-AgNPs efficiency to reduce the Fe+3 to Fe+2. 

Reducing power assay and absorbance increased when 

the concentration of leaf extract and SS-AgNPs increased. 

SS-AgNPs had higher antioxidant activity than the ascorbic 

acid (standard), with an absorbance of 0.656 ± 0.017, while 

the standard showed an absorbance of 0.643 ± 0.016 at the 

concentration of 300 µg/mL. The absorbance of the leaf 

extract was 0.45 ± 0.02 (Graph 1 c). The H2O2 free radical 

scavenging assay was lower than the DPPH scavenging 

assay. Previous research reports reveal the relation 

between antioxidant activity and the total phenolic 

component of dietary items. The results were in 

accordance with earlier reports of DPPH (37, 38) and H2O2 

(39, 40) scavenging assays. The extract's ability to 

scavenge H2O2 is dependent on the phenolic component, 

which may transfer electrons to H2O2 and therefore 

neutralize it in water (41). Human exposure to H2O2 can 

result in the production of highly reactive hydroxyl radicals 

(.OH), which can cause cellular damage. Inflammation, 

aging, intestinal problems, malignancies and Alzheimer's 

disease have all been linked to the presence of hydroxyl 

radicals (.OH). As a result, nanoparticles can be used to 

scavenge H2O2 in environmental compartments (42). 

Nanoparticles’s effectiveness as antioxidants depend on 

Fig. 5. TEM analysis of SS-AgNPs at magnification of a. 25 kx; b. 280 kx; c. 490 kx; d. SAED pattern showed six diffraction rings and e. EDX analysis of SS-AgNPs 
with 69.56 % of Ag weight. 
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the nanoparticles’ size and surface properties. Natural 

antioxidants that have been nano-formulated improve the 

impact of antioxidants produced from plants that are 

unable to produce the same potential in their free form. 

These antioxidants encapsulated in nanoparticles are now 

efficiently transported and released at the target location, 

reducing the amount of antioxidants required (43). 

Oxidative stress is a result of free radicals like superoxides, 

peroxides, hydroxyl radicals and singlet oxygen. It is 

associated with inflammation, obesity, diabetes and a 

number of neurological diseases. The synthesised AgNPs 

ability to scavenge free radicals demonstrated their 

biological significance in combating several oxidative 

stress-related illnesses. The obtained antioxidant activity 

result of SS-AgNPs is supported by previous reports using 

Ageratum conyzoides (44) and Solanum sisymbriifolium 

(45). 

Antibacterial activity 

SS aqueous leaf extract and SS-AgNPs showed 
antimicrobial activities against various pathogenic Gram-

positive and Gram-negative bacteria. The powder aqueous 

extract and silver nitrate solution served as control. The 

antibacterial activity of SS-AgNPs was determined by 

measuring the zone of inhibition around the disc. The SNPs 

show a higher zone of inhibition against Escherichia coli 

(17.6 ± 1.3 mm) and Klebsiella pneumoniae (16.03 ± 1.1 

mm). Whereas, for Salmonella typhi (15.66 ± 1.4 mm), 

Bacillus subtilis (14.13 ± 1.4 mm) and Staphylococcus aureus 

(12.33 ± 0.33 mm) moderate zone of inhibition was noticed 

compared to ciprofloxacin (5 µg) (Fig. 6, Graph 2 and Table 

1). The antibacterial activity results of SS-AgNPs tested at 

different concentrations against 5 bacterial strains showed 

appreciable antibacterial activity compared to the 

standard. This finding indicates that the larger surface area 

of the SS-AgNPs can be attached to the bacterial cell 

membrane and its charge-related aspects (40) and 

electrostatic attraction, van der waals forces, receptor-

ligand and hydrophobic interactions. The silver 

nanoparticles subsequently penetrate the bacterial 

membrane and collect along the metabolic route, affecting 

the cell membrane's structure and function. Following that, 

damaging the DNA, regulating vital metabolic enzymes and 

producing reactive oxygen species (ROS) damage the 

cellular constituents like lysosomes, ribosomes and 

enzymes in the bacterial cell, electrolyte balance problems, 

enzyme inhibition, protein deactivation and changes in 

gene expression (46). The plant kingdom is a variable source 

Graph 1. Antioxidant activity of SS-AgNPs a. DPPH scavenging assay; b. H2O2 scavenging assay; and c. FRAP assay. 

Graph 2. Antimicrobial activity of SS-AgNPs from the powder extract. 
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of phytochemicals that are biologically active which could 

be well delivered in coalition with AgNPs to counter the 

increasing resistance of bacteria. Such a treatment would 

give a synergistic means from the antimicrobial properties 

of silver and the biomolecules that are bioactive-capped. 

Anticancer activity 

Checking the biocompatibility of AgNPs is crucial in 
biomedical applications. The cell viability percentage of 

HepG2 cell lines was used in this study for checking SS-

AgNPs anticancer properties. The SS-AgNPs did clearly show 

a dose-dependent increase in cytotoxicity effect. The leaf 

aqueous extract at 200 μg/mL showed a moderate cytotoxic 

effect (65.18 %) at high concentrations against HepG2 cell 

lines. The SS-AgNPs showed 16.28 % and the standard 

control showed 47.02 % cell viability (Fig. 7, Graph 3). The 

IC50 values of SS-AgNPs were found to be 95.52 μg/mL. From 

these results, HepG2 cancer cell lines clearly showed more 

susceptibility to SS-AgNPs than the leaf aqueous extract 

(Supplementary Graph 3). Due to its lower IC50 value on 

human liver cancer (HepG2) cells, it is considered a potent 

anticancer agent. The MTT assay results revealed that the 

SS-AgNPs exhibited a concentration-dependent manner 

cytotoxic effect against the HepG2 cell line and it is 4-fold 

higher than the leaf aqueous extract. Higher concentrations 

of polyphenols, flavonoids and proteins in the leaf of S. 

Fig. 7. Anticancer activity of synthesized SS-AgNPs against HepG2; a. untreated cell lines (negative control); b. Camptothecin (15μM) standard control; SS-

Fig. 6. Antimicrobial activity of SS-AgNPs synthesized from powder extract 

inhibition zone. 1. Plant extract; 2. Silver nitrate solution; 3. 20 μg AgNPs; 4. 

40 μg SS-AgNPs; 5. Ciprofloxacin. EC. Escherichia coli; KP. Klebsiella 

pneumonia; SA. Staphylococcus aureus; BS. Bacillus subtilis and ST. 
Salmonella typhii. 

Zone of inhibition (mm) 

Extract AgNO3 20 µg/mL SS-AgNPs 40 µg/mL SS-AgNPs Ciprofloxacin 

Escherichia coli 0 0 13.3 ± 0.89 17.6 ± 1.30 37.67 ± 0.88 

Klebsiella pneumoniae 0 0 14.2 ± 1.17 16.03 ± 1.16 34 ± 0.58 

Salmonella typhi 9.33 ± 0.33 9.33 ± 0.67 12 ± 1.15 15.67 ± 1.45 36 ± 1.15 

Bacillus subtilis 0 7.33 ± 0.33 12.33 ± 0.68 14.13 ± 1.27 33.76 ± 0.90 

Staphylococcus aureus 0 8 ± 0.58 11.33 ± 0.67 12.33 ± 0.33 35 ± 0.58 

Table 1. Zone of inhibition of SS-AgNPs at different concentrations compared with the extract and standard antibiotic. 
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sophera may be the reason for the bestowed anticancer 

activity. The cytotoxicity could be due to flavonoids, 

polyphenols, proteins and other phytochemicals present in 

the aqueous leaf extract of S. sophera (47, 48). The 

antioxidant properties of synthesized AgNPs could damage 

the viability of cancer cells leading to the release of 

cytochrome c due to mitochondrial membrane damage. 

The oxidative stress induces apoptosis-mediated cell death 

through mitochondrial-dependent pathways (Caspase 

mediated). Nanoparticles with smaller sizes can penetrate 

cancer cells more efficiently and alter the proliferation 

mechanism. The death percentage of cancer cell lines 

mainly depends on the size of the nanoparticles (49,50).  

Conclusion  

The synthesis of silver NPs by biological organisms 

containing phytochemicals has become an important area 

for scientists. Silver NPs are widely used nanoparticles in 

new biomedical and industrial applications. The present 

study reports an eco-friendly and cost-effective method 

for the synthesis of AgNPs from the leaf extract of Senna 

sophera.  Due to constraints with chemical and physical 

methods, the green approach method is the best-opted 

technique to synthesize AgNPs. During the synthesis of the 

silver nanoparticles plant extract was involved in the 

reduction reaction resulting in the formation of metallic 

silver nanoparticles. The bioactive compounds like 

polyphenols and amines of proteins from the plant extract 

are involved in capping, stabilization, and preventing 

aggregation of AgNPs. FTIR spectra results revealed that 

the reduction of silver nanoparticles is due to the presence 

of polyphenols and proteins. Phyto-fabricated silver 

nanoparticles are Face cantered Cubic crystals, 5-35 nm in 

size, spherical in shape, non-agglomerated and highly 

stable with negative surface charge. The synthesized 

AgNPs show very good radical scavenging activity against 

DPPH, H2O2, FRAP and antibacterial activity against four 

bacterial species. Both the leaf aqueous extract and AgNPs 

showed significant effects against Salmonella typhi and 

hence is proving the pharmaceutical and biomedical 

importance. The MTT assay reveals that the synthesized 

AgNPs exhibited significant anticancer activity against 

HepG2 cancer cell lines with the IC50 of 95.52 μg/mL. 

Overall, this study highlights the potential of using plant 

extracts as a green and sustainable approach for the 

synthesis of SS-AgNPs with biomedical applications. 

Further research is needed to fully understand the 

mechanisms of action of SS-AgNPs and their potential 

toxicity to healthy cells before they transit into clinical 

applications. 
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