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ABSTRACT:   

Objective: In the present study, silver nanoparticles (AgNPs) were synthesized from leaf 

extracts of Cleome gynandra, and their anticancer and antioxidant activities were evaluated. 

Experimental: The synthesized silver nanoparticles were characterized by UV-visible 

spectroscopy (UV-Vis), Scanning Electron Microscope (SEM), Fourier Transform Infrared 

Spectroscopy (FTIR), Photoluminescence analysis, Zeta Potential, and Particle size 

analysis. The SEM image showed rod-shaped silver nanoparticles with a diameter range of 

520nm. The maximum absorption of silver nanoparticles was recorded at 400nm in UV-

visible spectroscopy due to Surface Plasmonic Resonance (SPR). FT-IR spectroscopy 
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revealed that silver nanoparticles had different functional groups. Synthesized AgNP was 

assessed for its antioxidant and cytotoxic effect against MCF-7 cells. 

Results: The zeta potential for silver nanoparticles was found to be -18.2 mV which 

indicated their stability. The photoluminescence results confirmed an excitation peak at 

397.07nm and an emission peak at 579.85nm. The synthesized silver nanoparticles were 

subjected to anticancer and antioxidant activities. Antioxidant results determined by 1,1-

diphenyl-2-picrylhydrazyl (DPPH) scavenging assay,  hydrogen peroxide assay, and 

reducing power assay revealed efficient antioxidant potential of the biosynthesized AgNPs. 

MCF cells treated with the nanoparticle showed a significant decrease in cell viability in a 

concentration-dependent manner.  

Discussion:  DNA fragmentation assay showed that the AgNPs induced apoptosis by 

cleaving nuclear DNA by forming a ladder pattern. Apoptotic activity of the nanoparticles 

could be due to the accumulation of the AgNPs in the mitochondria and nucleus. They 

interact with DNA and damage the cells. 

Conclusion: Based on the results obtained, it is evident that the aqueous extract of Cleome 

gynandra is an effective reducing agent for the green synthesized AgNPs with antioxidant 

and anticancer activities, which provides a promising approach for alternative nano-drug 

development. 

 

Introduction 

  Nanotechnology is one of the most attractive 

and widespread technologies in the current century. 

Nanoparticles (NPs) are technically defined as particles 

with one dimension less than 100 nm. Nanotechnology is 

gaining much attention in the fields of nanomedicines, 

nanoelectronics, biomaterials, energy production, and 

consumer products. Biosynthesized metal nanoparticles 

have attracted a lot of attention in recent years because of 

their interesting properties and potential applications in 

many different fields. Nanoparticles have unique 

structural, biological, and optical properties that make 

them ideal for a variety of applications, including 

medication administration and biosensors, decreasing the 

rate of irregular cell proliferation, delaying the spread of 

infectious agents, and regulating faulty molecular 

pathways in the body.   

   Green nanoparticle synthesis is defined as 

preferring a biological method that includes the use of 

plants and microorganisms over the use of chemicals. 

Green synthesis is a fast approach for producing very 

stable nanoparticles while controlling nanoparticle size 

and toxicity. When compared to chemical synthesis, 

green synthesis can limit the creation of poisonous and 

harmful by-products that can harm the living system, 

allowing for the synthesis of eco-friendly goods [1]. 

Nanoparticles of metals like zinc, selenium, cobalt, 

silver, nickel, and even lead have been the subject of 

extensive research. Among these, silver has the unique 

power to increase or decrease biological system 

regulation and also serves as a tool for detecting and 

treating bodily problems [2]. AgNPs have gained 

significant interest in the biomedical field due to their 

outstanding characteristics as a potential therapeutic 

approach in the treatment of different types of diseases, 

such as bacterial and fungal infections, inflammation, 

and cancers. The green synthesis of AgNPs from natural 

sources has been demonstrated as significant in reducing 

the progression of human hepatic cancer cells [3]. 

Cancer is one of the significant public health 

problems globally and is the second leading cause of 

death. It is a generic term for a set of diseases 

characterized by uncontrolled, random cell division and 

invasiveness.  Despite the traditional therapeutic 

strategies, lack of specificity, cytotoxicity, and multi-

drug resistance pose a substantial challenge to cancer 

treatment. The advent of nanotechnology has 

revolutionized the area of cancer diagnosis and 

treatment. NPs are a growing research tool for 

overcoming these challenges [4]. Nanomaterials can 

induce apoptosis through the generation of reactive 

oxygen species and mitochondrial membrane 

depolarization during intrinsic apoptosis. In recent years, 

metal nanoparticles containing herbs have been used to 

treat cancers of the ovaries, prostate, oesophagus, 

stomach, lungs, and various leukaemia; it is hypothesized 
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that combining metal nanoparticles with medicinal plants 

will significantly improve their anti-cancer capability 

[5].  

Most of the researchers have concentrated on 

different methods to synthesize silver nanoparticles, such 

as chemical, physical, and biological, through chemical 

reduction, biological materials reduction, and 

electrochemical reduction [6]. However, physical and 

chemical reduction-mediated methods have more 

toxicity and cannot be used in any applications properly, 

and their usage is also limited [7, 8]. Usually, all 

biologically mediated nanomaterial synthesis is very 

efficient, and their biomedical application capacity is 

also very high. Among these, plant-mediated 

nanomaterial synthesis is an excellent choice because of 

the ease of scale-up, cost-effectiveness, and, importantly, 

non-toxic [9]. Due to these advantages, all the 

researchers are presently focusing on green synthesized 

nanomaterials with excellent biomedical applications in 

various fields [10]. 

Silver nanoparticles (AgNPs) have gained 

prominence due to their diverse uses in various 

industries. AgNPs are among the most intriguing 

particles due to their unique features in industrial 

applications. Silver nanoparticles are an essential 

component of nanotechnology [11]. Silver nanoparticles 

are also effective against an extensive variety of micro-

organisms, including bacteria and fungi, and also in 

resistant strains for antibiotics. Plant-derived silver 

nanoparticles are employed not only as antibacterial, 

antifungal, antiviral, anti-inflammatory, and wound 

healing properties, diagnostics of cancer, and delivery 

drugs but also in biological imaging [12]. 

The most advantages in plant-mediated 

synthesis are phytochemical derivatives, proteins, 

hormones, amino acids, bioactive compounds, alkaloids, 

organic compounds, polysaccharide materials, amino 

acids, and other plant growth-promoting hormones with 

their nutrients [13,14]. All these materials act as a 

reducing and capping agent, which helps to make unique 

properties, larger surface area, and smaller-sized 

particles. Among the nanoparticles, the silver 

nanoparticle is an excellent nanoparticle that has 

admirable properties in the application fields of 

biomedical, biopharmaceutical, industrial, food 

packaging, wastewater treatment, and agricultural fields 

[15, 16, 17].  In addition, the anti-oxidant and anti-cancer 

abilities of the green synthesized silver nanoparticle have 

also been extensively reported [13, 14, 16]  

The cytotoxicity effect of the silver nanoparticle 

on MCF-7 breast cancer cells was demonstrated. The 

generated silver nanoparticle causes membrane blebbing, 

cleaves the nucleus, condenses chromatin, generates 

ROS, damages the mitochondrial membrane, and 

simulates the death process in MCF-7 breast cancer cells.  

Considering all these details, the demand for the 

advancement of novel strategies for seeking precise 

therapy for cancer has gained momentum in recent years. 

Recent efforts have been made to address the limitations 

of existing therapeutic approaches using nanoparticles. 

Nanoparticle-based drug delivery systems have reflected 

benefits in cancer treatment and management by 

demonstrating good pharmacokinetics, precise targeting, 

reduced side effects, and drug resistance [4]. Altogether, 

the present study aims to confirm the anticancer activity 

of green synthesis of silver nanoparticles performed 

against MCF-7 human breast cancer cells through 

cytotoxicity and morphological evidence. 

 

MATERIALS AND METHODS 

CHEMICALS 

All the chemicals and glass wares of the initial 

experimental setup were purchased from Merck 

Scientific & Co with the help of local supplier Ponmani 

@ Co, Tiruchirappalli, Tamil Nadu, India. The 

cytotoxicity stain of MTT solution, DMEM medium, 

FBS, and respective antibiotics were purchased from 

Merck, India.  The fluorescence dye AO and EB were 

procured from Invitrogen. The MCF-7 breast cancer cells 

were supplied by NCCS, Pune, India. 

 

PREPARATION OF PLANT EXTRACT [18]  

5g of powdered Cleome gynandra leaves were mixed in 

100 mL of distilled water and boiled at a constant 

temperature of 60οC for 25 minutes and further followed 

by cooling under ambient temperature. This Cleome 

gynandra leaves extract solution was filtered using 

Whattman no. 1 filter paper. This filtrate contains 

bioactive agents or compounds that act as a reducing 

agent, where bulk silver ions change to nanostructured 

silver particles during the green synthesis process. 
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SILVER NITRATE (AgNO3) 1mM PREPARATION 

1mM of AgNO3 was added to 100 mL of 

distilled water, followed by a forceful stirring method to 

prepare AgNO3 solution, which contained micro-

structured silver ions that were converted into 

nanostructured silver particles by green synthesis. 

 

BIOSYNTHESIS OF AgNPs 

Using plants as precursor molecules, the silver 

nanoparticle was successfully produced in this study. 

According to recent research [18]. For methodology, 0.1 

mL of plant extract plus 0.9 mL of 1 mM silver nitrate 

were taken together in a fresh sterile test tube and held in 

a room atmosphere for 1 h. The colour formation was 

monitored, which turned from pale yellow to reddish-

brown colour through the naked eye observation, 

indicating the presence of silver nanoparticles. Next, the 

colour-changed solution was dried in air and washed with 

distilled water using a hot air oven at 450C for 1 day. The 

collected powder samples were maintained in a deep 

freezer for further experiments. 

 

LYOPHILIZATION PROCESS 

The synthesized nanoparticles were lyophilized (freeze-

drying) to improve stability, especially during long-term 

storage and offer new routes of administration in solid-

state. 

 

CHARACTERIZATION OF SILVER 

NANOPARTICLES 

Scanning Electron Microscope Analysis of AgNPs. 

The green synthesized AgNPs were characterized by 

SEM (Hitachi S-4500 SEM apparatus). By simply 

dropping a tiny amount of the sample onto a copper grid 

that has been coated with carbon, thin films of the sample 

were created. The extra solution was then blotted away, 

and the film on the SEM grid was then left to dry for 5 

minutes under a mercury lamp [19]. 

FTIR spectroscopy analysis 

The FTIR spectra of all the synthesized NPs were 

obtained using an FTIR spectrometer with a frequency 

range of 400 to 4000 cm−1 with an (IR-grade Potassium 

Bromide) KBr pellet. The pellet was obtained by mixing 

200:1 of KBr and NPs. The KBr mixture was crushed 

using mortar and pestle, and the pellet was gained using 

a hydraulic pellet maker. 

 

UV-Visible spectrophotometer analysis 

UV-visible spectrum analysis for AgNPs was carried out.  

The change in colour of the reaction mixture was 

recorded by visual observation. The reduction of silver 

nitrate to silver nanoparticles was analysed by measuring 

the UV-vis spectra of the solution. The absorption 

spectrum of the sample was taken in the range of 300-

500 nm using Thermo scientific UV–vis 

spectrophotometer. 

DLS measurements 

The Malvern Zetasizer was used to measure the average 

hydrodynamic diameter and particle size distribution of 

AgNPs (Malvern Instruments Ltd, Malvern, UK). 

Zetasizer software was used to analyze the acquired data. 

Photoluminescence analysis 

The Photoluminescence analysis was performed by 

measuring the intensity by Cary Eclipse, Agilent 

Technologies, and Singapore. 

 

ASSAYS FOR ANTIOXIDANT ACTIVITY 

DPPH (2, 2-DIPHENYL-PICRYL HYDRAZYL) 

DPPH was performed by the method [20]. The 

assay was performed using green synthesized AgNPs, 

dissolved in methanol. 0.5mM DPPH solution in 

methanol was prepared and 0.5ml of this DPPH solution 

was mixed with 0.1ml of various concentration ((50, 100, 

150, 200, and 250μg/ml) of the green synthesized AgNP 

and mixed thoroughly, then 4ml of methanol was added 

and allowed to stand in a darkroom for 30 min. The 

absorbance was measured at 517nm in UV 

spectrophotometer (Perkin Elmer). Decrease in 

absorbance of the DPPH solution indicates an increase in 

radical scavenging activity. The ability of the silver 

nanoparticles to scavenge DPPH was calculated using 

the following formula. 

 
Hydrogen peroxide radical scavenging assay  

A solution of freshly prepared 4 mM hydrogen 

peroxide in 0.1 M phosphate buffer (pH 7.4) was used in 

this assay. 850μL of green synthesized AgNPs solution 

of varying concentrations (50, 100, 150, 200, and 

250μg/mL) was added to 150μL of prepared H2O2 

solution in phosphate buffer. The tubes were then kept 

aside for 10 minutes and the absorbance is read at 230nm. 

Ascorbic acid was used as positive control and the 

experiment was carried out in triplicates [21].  
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Ferric ion Reducing power assay 

In a series of test tubes, varying volumes of 

sample solution (50 to 250µg/mL) were added and 

adjusted to 1mL with ethanol. To each tube, 2.5 mL PO4 

buffer and potassium ferric cyanide were added. A blank 

was prepared by 3 mL of PO4 buffer alone. The tubes 

were then incubated at 50o C for 20 minutes in boiling 

bath. After incubation, 2.5 mL of 10% TCA was 

introduced into each tube, followed by centrifugation at 

3000rpm for 15 minutes. Then, 0.5mL of distilled H2O 

and ferric chloride were introduced to all the tubes, and 

the resulting colour was read at 700nm [22, 23]. 

 

ASSAYS FOR ANTICANCER ACTIVITIES  

Maintenance of Cell 

The human breast adenocarcinoma cell lines 

(MCF-7) were obtained from the National Centre for Cell 

Science (NCCS), Pune, India, and grown in Eagles 

Minimum Essential Medium containing 10% fetal 

bovine serum (FBS). The cells were maintained at 37ºC, 

5% CO2, 95% air and 100% relative humidity.  

MTT assay  

Viable MCF-7 cells were plated in a 96-well 

micro plate at a cell density of 1x106 cells/mL and 

allowed to grow in a CO2 incubator at 37 °C for 24 hours 

(5% CO2). The medium was replaced after the period of 

incubation and the MCF-7 cells were treated with the 

AgNPs at different concentrations of 50, 100, 150, 200 

and 250μg/mL. Following a 24-hour incubation period, 

the samples were examined and photographs of the 

morphological differences between treated and untreated 

cells were taken using an inverted microscope (Magnus 

INVI; 20 magnification). After being washed with 

phosphate-buffered saline (PBS, pH 7.4), the cells were 

loaded to each well with 20μL of MTT solution (5 

mg/mL), and they were then left in the dark at 37°C for 

an additional 4 hours. Following the addition of 100μL 

of DMSO to dissolve the formazan crystals, an ELISA 

plate reader was used to read the absorbance 

spectroscopically in the 570 nm range [24]. 

 

 
DNA Fragmentation Assay [25] 

In a 6-well plate, 4x106 cells were incubated 

with varying drug concentrations of AgNPs (105 target 

cells per well) for 24 hrs at 37oC with 5 % CO2.  After 

incubation, the cells were pelleted and lysed in 0.5 mL 

detergent buffer, 5 mM EDTA, and 0.2% Triton. 

Incubated on the ice for about 30 minutes after properly 

vortexed. Centrifuged for 30 minutes at 27,000 x g, then 

split the supernatants into two 250 μl of aliquot parts. 

Finally, 50 μl of ice-cold 5 M NaCl was added to each 

aliquot and vortexed thoroughly.  Pipetted 600μL of 

ethanol and 150μL of 3 M sodium acetate, pH 5.2, to the 

mixture. The tubes were maintained at -80°C for one 

hour and centrifuged at 20,000 x g for 20 minutes; 

carefully discarded the supernatants. Resolved the pellets 

in 400μL of extraction buffer to combine the DNA 

extracts (10 mM Tris and 5 mM EDTA). Included 2 μL 

of 10 mg/mL DNase-free RNase and left standing at 

37°C for 5 hours. Added 40 μL of buffer (100 mM Tris 

pH 8.0, 100 mM EDTA, and 250 mM NaCl) and 25 μL 

of proteinase K at 20 mg/mL. Incubated at 65°C 

overnight. Extracted DNA using phenol, chloroform, and 

isoamyl alcohol (25:24:1), ethanol was then used to 

precipitate.  Carefully discard the supernatant without 

disturbing the pellet. 

After the pellet had been air-dried, it was 

resuspended in 20μL of Tris-acetate EDTA buffer. An 

aliquot was added with 2μL of loading buffer and loaded 

onto the wells. The DNA samples were electrophoresed 

on a 2 % agarose gel with 1μg/mL ethidium bromide and 

analyzed using a UV transilluminator. 

 

RESULT AND DISCUSSION 

CHARACTERIZATION OF SILVER 

NANOPARTICLES 

Silver nitrate solution is colourless, and after adding 

Cleome gynandra plant extract, the colourless silver 

nitrate solution became reddish brown in colour. This 

confirmed that the silver nitrate was reduced and 

transformed into silver nanoparticles.  

Scanning Electron Microscope analysis 

High-magnification images of AgNPs were 

obtained using the SEM technique. This technique can 

determine morphological features (number, dimension, 

and shape) of small particles by scanning reflections of a 

focused beam of electrons over the particles’ surfaces. 

SEM images (Figure 1a,b) of the particles showed rod-

shaped particles having different average diameters D1 

(125.62nm), D2 (156.32nm), D3 (172.74nm), D4 

(141.38nm), D5 (134.34nm), D6 (113.19), D7 

(90.04nm), D8 (135.94nm), D9 (110.72nm), D10 
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(145.98nm) and D11 (125.62nm) with smooth surface 

morphology, and well scattered with a nearly compact 

arrangement. According to previous literature [26], the 

silver nanoparticle synthesized from Euphorbia 

prostrates was also rod-shaped. 

 

 
Figure 1a. SEM analysis of AgNPs   Figure 1b. SEM analysis of AgNPs 

(172.74nm to 90.04nm size of AgNPs)                        (Rod Shaped AgNPs) 

 

FTIR Spectroscopy analysis 

Figure 2 depicts the FTIR spectrum of the 

produced AgNPs. This spectrum indicates possible 

biomolecules in the leaf extract responsible for silver ion 

reduction and interaction with AgNPs. AgNPs have 

strong IR bands at 3403.26, 2921.61, 1598.58, 1384.37, 

1021.21, and 606.91 cm-1. The extensive band at 

3403.26 cm-1 corresponds to stretching vibration of (O-

H) of phenolic [27], 2921.61 cm-1 indicating the 

existence of the functional group (C-H) [28], 1598.58 

cm-1 indicates the existence of the functional group 

(C=O) [29], 1384.37 cm-1 indicates the existence of the 

functional group (N=O) [30], 1021.21 cm-1 indicates 

functional group (C-C) [31], and 606.19 cm-1 indicates 

functional group (C-Cl) [32]. Thus, based on the IR 

spectra, it may be assumed that these biomolecules play 

a role in bioreduction as well as biosynthetic stability of 

the silver nanoparticles. 

 

  
Figure 2. FTIR spectroscopy analysis of AgNPs 

 

UV-Visible absorption spectrum of AgNPs. 

The existence of NS-AgNPs was confirmed in 

the sample using UV-VIS spectra analysis. Usually, NS-

AgNPs in aqueous solution absorb radiation around 

430nm, appearing reddish brown, as reported in previous 

studies [33]. The UV -Vis spectrum was used to confirm 

the existence of NS-AgNPs by showing surface plasmon 

resonance (SPR) peaks around 400nm (figure 3). 
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Figure 3. UV-VIS absorption spectrum of AgNPs 

 

DLS Measurements 

The AgNPs measured 526 nm in size (figure 4). 

The size of the produced nanoparticles was greater than 

the expected range of 1-100nm. Due to the protein that 

was linked to the surface of the nanoparticles, size was 

greater than what was desired. The study reported by Roy 

and Bharadvaja, 2017 [34] specified that the silver 

nanoparticles made from Plumbago zeylanica were 500 

nm in size. 

 

 
Figure 4. Zeta size distribution 

 

(The peak revealed the size of AgNPs is 

526nm) 

The generated silver nanoparticles had a negative zeta 

potential. The zeta potential i=was discovered to be -

18.2mV (figure 5). The zeta potential plays an important 

role in influencing the stability of aqueous 

nanosuspensions. Zeta potential values of at least ±30 

mV are required for the indicator of stable 

nanosuspension [35]. As a result, this discovery revealed 

that the particles' electrostatic properties has kept them 

reasonably stable. 

 
Figure 5. Zeta potential distribution 

(i= of AgNPs is -18.2mV) 

 

Photoluminescence analysis 

Photoluminescence spectra of synthesized 

silver nanoparticles were carried out to evaluate their 

optical property. Figure 6 displayed the excitation peak 

at 397.07nm, while the emission peak was observed at 

579.85nm. The excitation peak at 397.07nm very well 

correlates with absorption maxima recorded with the 

UV-VIS spectrophotometer (400nm). Similar studies in 

the past [36] have detected an excitation peak at 414 nm 

whereas an emission peak was observed at 576nm. 

 
Figure 6. Photoluminescence analysis of AgNPs.   

(Excitation and emission peak at 397.07nm and 

579.85nm) 

 

ANTIOXIDANT EFFICIENCY OF SILVER 

NANOPARTICLES 

 DPPH Radical Scavenging Assay 

In-vitro antioxidant activity was measured using a DPPH 

test. It is a stable organic radical type frequently used to 

gauge how well natural antioxidants scavenge free 

radicals [37]. The IC50 value is used to represent the 

outcomes (amount of antioxidants necessary to decrease 

initial DPPH concentration by 50%). In the present study, 

the percentage of inhibition was found to increase with 
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the increase in AgNP concentration. At 250 μg/ml, the 

maximum inhibition of 82.5 percent was observed, and 

ascorbic exhibited 88.33 % inhibition (Figure 7). The 

IC50 value for the AgNPs was determined to be 165.26 

μg/ml. As a result, it could be safely concluded that the 

silver nanoparticles produced from the extract of Cleome 

gynandra leaves have very good free radical scavenging 

action. 

 

Figure 7. DPPH free radical scavenging activity of the 

AgNPs. 

IC50 of AgNPs is = 165.26µg/mL. 

 

Hydrogen peroxide radical scavenging activity 

In-vitro antioxidant activity of AgNPs was 

determined by hydrogen peroxide (H2O2) radical 

scavenging assay.  Maximum scavenging activity at 

75.21% and 84.18% at 250 ug/ml was observed for 

AgNPs and standard ascorbic, respectively (Figure 8). 

Therefore, the results of this study also indicate that the 

silver nanoparticles synthesized from the extract of 

Cleome gynandra leaves had excellent free radical 

scavenging capacity. Previous studies [38] have 

determined the hydrogen peroxide scavenging activity of 

Catharanthus roseus extract, CrAgNPs, and Vitamin C. 

The results showed that C. roseus extract, CrAgNPs, and 

Vitamin C had 55.45%, 72.34%, and 66.25% of 

antioxidant activity, respectively. 

 

 
Figure 8: Hydrogen peroxide assay of the AgNPs. 

IC50 of AgNPs was observed at 161.47 µg/mL 

Ferric ion Reducing power assay 

The AgNPs antioxidant activity was measured 

by the reducing power assay. The percentage of 

inhibition increased with the concentration of silver 

nanoparticles. At 250 μg, there was a 75.86% inhibition, 

ascorbic acid exhibited 75.38 % inhibition (Figure 9), 

and the IC50 value of AgNPs was found to be 145.70 

μg/mL. Based on the results obtained, it could be 

concluded that the silver nanoparticles synthesized from 

the extract of Cleome gynandra leaves have the potential 

to neutralize free radicals. Researchers in the past [39] 

have observed that strong antioxidant activity was 

determined by reducing power assay on synthesized 

silver nanoparticles using Lippia nodiflora aerial extract, 

and the reducing activity of AgNPs was found to increase 

with increasing concentrations. Another article [40] 

suggested that the scavenging capacity test was the best 

choice for the measurement of antioxidant activity 

because of its ability (in a radical form), simplicity, and 

fast assay. Our results are in line with the previous 

findings [41]. 

 

 
Figure 9: Reducing power assay of the AgNPs. 

IC50 of AgNPs was observed at 145.70 µg/mL 

 

IN VITRO ANTICANCER ACTIVITIES 

MTT assay 

The cytotoxic potency of produced AgNPs on 

MCF-7 cells was determined by MTT assay. After 

incubation of cells, the maximal cytotoxic effect was 

detected as cell death by apoptosis with nuclear 

segmentation.  This assay was used to identify the 

percentage of viability after treatment with AgNPs at 

various concentrations (15.625, 31.25, 62.5, 125, 

250ug/mL) on the MCF 7 cell line. Figures 10 & 11 show 

that the treatment with nanoparticles drastically reduced 

the percent of cell viability in a concentration-dependent 
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manner. On MCF-7 cells, the IC50 value of AgNPs was 

158.25ug/ml. The findings of this study are in accordance 

with previous studies that proved the anti-cancer activity 

of AgNPs derived from Cleome gynandra leaf extract on 

the breast cancer cell line. The mechanism of silver 

nanoparticles' anticancer effect consists of either AgNPs 

entering the cell, which causes damage by forming a 

stable S-Ag bond with an enzyme's thiol group and 

deactivating it, or the breaking of hydrogen bonds 

between nitrogen bases in DNA, which denaturizes it 

[42, 43, 44]. In general, it was discovered that green 

AgNPs exhibit low or no toxicity to normal cells and 

broad activity against cancer cells in a concentration-

dependent manner. 

Researchers in the past [45] have studied that 

the biosynthesis AgNPs using the Lonicera hypoglauca 

flower extract caused the cytotoxicity of human breast 

cancer cells. Furthermore, AgNPs derived from the 

plants Chaenomeles sinensis and Cibotium barometz 

demonstrated anti-cancer action against breast cancer 

(MCF-7) [46]. According to a related study, exposure of 

cells to AgNPs may result in a variety of morphological 

alterations and a decrease in cell viability. In general, 

cellular morphological alterations in the cell may be 

caused by the cell's composition being disturbed by the 

interaction of AgNPs with the cell surface. When silver 

nanoparticles enter a cell, they cause damage by forming 

a stable S-Ag bond with an enzyme's thiol group, which 

renders the enzyme inactive. They can also denaturize 

DNA by rupturing the hydrogen bonds between its 

nitrogen bases [44]. 

 

 
Figure 10: MTT assay of silver nanoparticle 

from Cleome gynandra against MCF-7 cell line. IC50 

of the AgNPs - 158.25µg/mL 

 

 
Figure 11. Cytotoxic activity of different concentrations of AgNPs against MCF-7 cells 

a) Control, b) AgNPs treated (15.62µg/mL), c) AgNPs treated (31.25 µg/mL), 

d) AgNPs treated (62.5 µg/mL), e) AgNPs treated (125 µg/mL) and f) AgNPs treated (250 µg/mL) 
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DNA fragmentation analysis 

DNA fragmentation is generally regarded as an 

indicator of apoptosis. Although the precise mechanism 

for this contact is not yet established, nanoparticles can 

easily pass the nuclear membrane and interact with DNA 

either directly or indirectly [25]. The DNA fragmentation 

test was used to examine how AgNPs made from Cleome 

gynandra leaf extract affected the induction of apoptosis 

in human breast cancer cells. The human breast cancer 

cells were exposed for 24 hours to effective 

concentrations of samples 500μg ml-1 and 1000μg ml-1 

to investigate the effect of AgNPs on DNA damage. On 

an agarose gel, DNA was then electrophoresed after 

being extracted from treated and control cells (1.5 

percent). The findings demonstrated that AgNPs caused 

apoptosis in human breast cancer cells by cleaving the 

nuclear DNA in a ladder pattern (Figure 12). Untreated 

control cells did not display any DNA fragmentation. 

AgNPs-treated cells experienced apoptosis along with a 

drop in the proportion of G0/G1 cells and a rise in the 

proportion of G2/M cells, indicating G2/M cell cycle 

arrest [47]. ROS are signal molecules that accelerate cell 

cycle progression and have the potential to damage DNA 

oxidatively [48]. Two signs that indicate apoptosis 

include DNA fragmentation and an uneven decline in cell 

size, resulting in shrunken and reduced cells. In the 

current study, DNA extraction from MCF-7 cells treated 

with varied quantities of AgNPs and detection of it in an 

agarose gel were used to confirm DNA fragmentation. 

Fig.12 unequivocally demonstrates that the DNA 

"laddering" pattern is one of the factors contributing to 

cell death in MCF-7 cells treated with AgNPs. According 

to a similar study [49, 50], reactive oxidative species and 

nanoparticles both damage DNA and activate the p53 and 

other DNA repair proteins, imitating the effects of 

radiation on the development of cancer. 

 
Figure 12: DNA “Laddering” pattern in AgNPs 

treated MCF-7 cells 

A-Cells treated with 500 µg/mL-1; B – Control; 

µg/mL-1  

C-Cells treated with 1000 µg/mL-1 

 

Conclusion 

 The biosynthesized silver nanoparticles in the 

field of nano-biotechnology have increased the 

significance of developing environmentally acceptable, 

economically viable, stable nanoparticles, and their 

applications in electronics, agriculture, and medicine are 

expanding. In the present study, the green synthesis 

method was employed to synthesize silver nanoparticles, 

and this was confirmed by color change, 

characterization, and absorption spectra examined with 

UV-VIS spectrophotometry, zeta particle size 

distribution, zeta potential distribution, FTIR, SEM, and 

photoluminescence. The compounds that caused silver 

nitrate to be reduced to silver ions were examined using 

FTIR spectroscopy. The synthesized silver nanoparticles 

were assessed for their free radical scavenging activity 

and found to have significant antioxidant activity.  

Interestingly, the AgNPs were found to decrease MCF -

7 cell viability in a concentration-dependent manner for 

24 hrs, and it is further supported by DNA fragmentation 

in the MCF-7 cell line. The results of this study confirm 

the antioxidant and anticancer activities of synthesized 

AgNPs.  
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