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INTRODUCTION 

Green nanotechnology offers tools for converting  

biological systems to environmentally friendly  

nanomaterial formulation methods by avoiding toxicity. 

Green approaches utilize biological sources due to the 

high number of harmful chemicals and severe settings 

used in the physicochemical creation of these nanopar-

ticles. Green nanotechnology may bring out safe and 

environmentally friendly metal nanoparticles without 

using harmful chemicals in their synthesis by combining 

the principles of green chemistry and nanobiotechnolo-

gy.Because of their small size can easily enter cells 

and migrate through cells, tissues, and organs 

(Foroozandeh and Aziz, 2018). Routes that can be 

used for diagnostic, imaging, and therapeutic purposes 

are available. These materials can be made from a 

variety of inorganic and organic materials, but because 

of their ease of modification, high drug loading capaci-

ty, and stability, inorganic sources are critical for simul-

taneous therapy and diagnosis. Nanoparticles can be 

utilized to deliver medications and to determine drug 

concentrations in pharmaceuticals. Due to its na-

noscale size and high surface area, it has been availa-

ble for further alteration with hydrophobic, hydrophilic, 

ionic or any neutral moieties compatible with the sur-
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rounding environment, so they have wide application in 

biological sciences. They have been analysed and re-

ported for various clinical applications, viz., drug carri-

ers, gene delivery to tumorscontrast agents in bioimag-

ing and biosensors (Krishnaraj et al., 2014). 

Metal nanoparticles, such as gold, silver, platinum, alu-

minium, zinc, carbon, titanium, palladium, iron, and cop-

per, have received massive attention in recent times 

because of their indispensable and technological im-

portance (Khandel., 2018). Among the metallic nano-

particles, silver nanoparticles are most attractive due to 

their feasibility and biological medicinal properties, such 

as antimicrobial, adjuvanticity and antitumor properties 

(Zhang et al., 2020). Enhanced physicochemical and 

biological properties based on the type of extra element 

employed in the manufacturing of silver nanoparticles 

become a plus. Gold nanoparticles are used in a variety 

of applications, including biocatalysis, biosensing, and 

cancer treatments, as well as for immunoassays, tar-

geted drug administration, bioimaging, and near-

infrared photothermal ablation of microbes and cancer 

cells (Ou et al., 2019)and nanotechnology building 

blocks. Silver nanoparticles are employed in antibacteri-

al coatings for medical devices, wound and burn dress-

ings, several cosmetic goods, and food packaging be-

cause of their antibacterial, antiangiogenic, and anti-

inflammatory qualities (Devi et al., 2019 and Aziz et al., 

2017). Molecular imaging, targeted medication delivery, 

gene therapy, cancer treatment, and radiation use gold 

nanoparticles. According to researchers, the increased 

demand for gold and silver nanoparticles in cancer di-

agnostics and therapy is due to their unique optical fea-

tures, simple surface chemistry, and optimal nanoscale 

dimension. Controlling the size and form of these nano-

particles, or conjugating them with certain ligands/

biomarkers, can help to speed tumour diagnosis and 

treatment (Jain et al., 2007). Because many prospec-

tive biomedical applications rely on direct contact be-

tween gold nanoparticles and the target biological struc-

ture, evaluating the potential health impacts of gold-

created nanoparticles is particularly critical (Jahangirian 

et al., 2019). 

Breast cancer is the most commonly diagnosed cancer 

in women and the leading cause of cancer-related 

deaths in women around the world. According to global 

reports in 2018, breast cancer caused 2.08 million new 

cancer cases (an 11.6 percent incidence rate) and 

626,679 deaths out of 9.55 million cancer-related 

deaths (6.6 percent of all cancer-related fatalities) 

(Malvia et al.,2017). According to current reports from 

the International Agency for Research on Cancer 

(IARC), 13.1 million people will die from cancer by 

2030. It is clearly recognized that the low survival rate is 

attributable to a lack of effective medication delivery 

systems rather than a lack of effective natural or syn-

thetic antitumoral drugs (Yingchoncharoen., 2016). As a 

result, there is a genuine need to develop new carriers 

and delivery systems that can deliver chemotherapeutic 

drugs only to the precise target site, increasing treat-

ment efficiency and reducing undesirable systemic side 

effects. Nanotechnology offers a novel cancer treat-

ment platform. It promises to lower systemic toxicity by 

improving functionalized particles for targeted treat-

ment. They also offer an alternative technique for deal-

ing with multidrug resistance because they can bypass 

the drug efflux mechanism linked to this trait (Awasthi 

et al., 2018). The cytotoxicity assay is a type of biologi-

cal test that measures the toxicity induced by chemo-

therapeutic agents acting on living cells. Cytotoxicity 

assays of biologically synthesized nanoparticles play a 

vital role in determining the proposed biomedical appli-

cation (Li., 2015) 

Metal nanoparticles that have been biologically  

produced also have antioxidant properties. Antioxidant 

agents primarily regulate the generation of free radicals 

through enzymatic and nonenzymatic compounds. 

These free radicals have been discovered to play a key 

role in developing cellular damage, such as cancer, 

atherosclerosis, and brain damage. Antioxidants pro-

tect the body from the damaging effects of free radi-

cals. Gold nanoparticles have a noteworthy effect as 

antioxidant agents, terminating the synthesis of reactive 

oxygen species (ROS) and scavenging free radicals

(Barathmanikanth et al.,2010). Gold nanoparticles have 

risen to prominence among existing nanomaterials be-

cause gold is an inert, oxidation-resistant substance 

with applications in nanoscale technologies. The size of 

gold nanoparticles reveals a wide range of uses, such 

as hollow particles in CT imaging cancer therapy 

(Wang et al., 2021). Nanoflowers have been employed 

as biosensors for disease detection and the removal of 

dyes and heavy metals (Shende et al., 2018 and Elahi 

et al., 2018)]. The antioxidant efficiency of silver nano-

particles has been observed to be higher than that of 

other widely available synthetic compounds, such as 

ascorbic acid. Antioxidant scavenging action is im-

portant in the treatment of various chronic diseases, 

including cancer, autoimmune disorders,  ageing, cata-

racts, rheumatoid arthritis, and cardiovascular and neu-

rodegenerative diseases (Pham –Hui., 2008). The ef-

fective transport of medications and tissue engineering 

capabilities of nanotechnology have made significant 

contributions to translational research on pharmaceuti-

cal goods and applications (Zhang et al. , 2016). 

 A previous study revealed the production and charac-

terization of silver and gold nanoparticles from Prawn 

Head Extract (PHE), and their biological uses, such as 

antibacterial, antifungal, and antidiabetic activities, 

were also evaluated (Latha et al., 2022). To determine 

its role in extensive biological applications, the present 

work is framed (i) to screen antioxidant capabilities, (ii) 

to analyse cytotoxicity in Vero cells, and (iii) to investi-
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gate anticancer activity in human breast cancer cells 

(MCF-7). 

MATERIALS AND METHODS  

Cell culture 

Vero cells and human breast cancer cells (MCF-7) 

were procured from the National Center for Cell Sci-

ence, Pune, India. The cell lines were grown as a mon-

olayer in minimum essential medium (MEM) supple-

mented with 10% fetal bovine serum (FBS), penicillin/

streptomycin(250 U/ml), gentamycin (100 mg/ml) and 

amphotericin B (1 mg/ml) and incubated at 37°C in a 

humidified atmosphere of 5%CO2.Cells were grown to 

confluence for 24 h before use. 

Synthesis and Characterization of nanoparticles 

PHE was used to synthesize silver and gold nanoparti-

cles, and characterization was performed using various 

techniques.UV–visible spectroscopy, Fourier transform 

infrared spectroscopy (FTIR), X-ray diffraction( XRD), 

scanning electron microscopy (SEM) and energy dis-

persive X-ray(EDAX) techniques were used (Latha et 

al., 2022). 

Agarose gel electrophoresis 

DNA visualized by 1.5% agarose gel electrophoresis 

was stained with ethidium bromide according to size 

DNA Markers. 

Antioxidant activity of nanoparticles  

The antioxidant activity of the synthesized silver and 

gold was assessed using the DPPH assay (Tailor and 

Goyal, 2014)). The use of the DPPH assay provides 

an easy and rapid way to evaluate antioxidants by 

spectrophotometry. The DPPH (2,2-diphenyl-1-picryl-

hydrazyl-hydrate) free radical scavenging method is 

an antioxidant assay based on the transfer of elec-

trons that produces a violet solution in ethanol. The 

stability of free radicals at room temperature is re-

duced in the presence of an antioxidant molecule and 

reduces the violet ethanol to colorless. Various con-

centrations of samples ranging from 100 to 500 µg 

were prepared and mixed with 0.1 % DPPH. The mix-

ture was allowed to react well and maintained at room 

temperature for approximately 30 minutes. The anti-

oxidants react with DPPH, and a reduction reaction 

occurs, and the intensity of the color decreases. Ab-

sorbance was recorded at 517 nm, and butylated hy-

droxytoluene (BHT) was used as a standard. The ex-

periment was performed in triplicate, and the scav-

enging activity was calculated as the percent inhibi-

tion according to the following formula: 

% Antioxidant activity = {(absorbance of blank˗ 

(absorbance of sample) / (absorbance of blank)} X 100  

             …Eq. 1  

In vitro cytotoxicity of nanoparticles in Vero cell 

lines 

The cytotoxicity of silver and gold nanoparticles synthe-

sized from PHE against the Vero cell line was deter-

mined by MTT-reduction assay(Mosmann, 2016).Cells 

(1 × 105/well) were plated in 0.2 ml of medium well in 

96-well plates and incubated ina 5% CO2 incubator for 

72 hours. Then,the cells were added to various con-

centrations of the samples ranging from 31.2 to 1000 

μg and incubated for 48 hours. After removal of the 

sample solution, 20 μL of MTT reagent was added to 

each well, and 90 μL of serum-free medium was add-

ed. This mixture was incubated at 37°C for 4 hours. 

Next, the medium with MTT was aspirated and mixed 

with DMSO for solubilization for approximately 30 

minutes. Then, viable cells were determined by the 

absorbance at 540 nm. Doxil was used as a standard. 

The50% inhibition of cell viability (IC50) value was de-

termined. The cytotoxic effect of nanoparticles on Vero 

cells was calculated as the percent cell viability using 

the following formula: 

% Cell viability = A540 of treated cells/A540 of control 

cells × 100%                          … Eq. 2  

In vitro anticancer activity in human breast cancer 

cells (MCF-7) 

The in vitro anticancer activity of silver and gold nano-

particles synthesized from PHE against a human 

breast cancer cell line was determined by an MTT-

reduction assay (Mosmann,2016). Cell lines were 

maintained in MEM supplemented with 10% FBS. Cells 

were kept in monolayer culture at 37°C, which was 

maintained in a humidified incubator with 5% CO2for 72 

hours. Cells were subcultured by trypsinization with 

TPVG solution and maintained in a tissue culture unit. 

Cells (1×105/well) were plated in 0.2 ml of medium-well 

in 96-well plates and incubated in a 5% CO2 incubator 

for 72 hours. Before the assay, the cells from the well 

were washed twice with serum-free medium and kept 

in a CO2 incubator for 1 hr. Then, the cells were added 

to various concentrations of the samples ranging from 

31.2 to 1000 μg and incubated for24 hours. Then, 

0.1% DMSO was added, and the plates were agitated 

for 30 minutes in a plate shaker. After removal of the 

sample solution,20 µl/well MTT reagent was added. 

Viable cells were monitored by absorbance at 540 nm. 

Doxil cancer drug was used as a standard. The 50% 

inhibition of cell viability (IC50) value was determined. 

The effect of the samples on the proliferation of MCF7 

cells was calculated as the percent cell viability using 

the following formula: 

% Cell viability = A540 of treated cells/A540 of control 

cells × 100%          …Eq. 3  

DNA fragmentation assay 

A DNA fragmentation assay was performed to investi-
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gate the internucleosomal DNA fragmentation caused 

by synthesized silver and gold nanoparticles.This assay 

involves extraction of DNA from a lysed cell homoge-

nate followed by agarose gel electrophoresis.MCF7 

cells were plated in 1 ml of medium/well in 12-well 

plates and incubatedina 5% CO2 incubator for 72 

hours. One milliliter of sample was added to the wells 

and incubated for 24 hours ina 5% CO2 incubator. The 

sample solution was removed and trypsinized. After 3-5 

minutes, 1 ml of 1X PBS solution was added and thor-

oughly mixed to collect the sample for DNA fragmenta-

tion. Furthermore, the DNA was isolated using a com-

mercially available kit (Genei, Bangalore, India), follow-

ing the manufacturer’s instructions. DNA was resolved 

on a 1.2% agarose gel at 90 V for 1.5 hours, and the 

bands were visualized using a UV transilluminator. 

RESULTS AND DISCUSSION 

 Antioxidant activity  

The DPPH assay was used to determine the antioxi-

dant activity of silver and gold nanoparticles, and the 

resulting percentage of antioxidant activity is shown in 

Fig. 1. The antioxidant activity of the nanoparticles was 

dose-dependent, meaning that as the nanoparticle con-

centration increased, so did the percent inhibition. The 

antioxidant property IC50 values of silver and gold nano-

particles are tabulated. (Table 1). Patra and Baek 

(2016) found that silver nanoparticle-mediated aqueous 

extract of silky hairs of maize has equally strong antiox-

idant activity in terms of DPPH radical scavenging with 

an IC50 value of 385.87 g/mL (Patra and Baek, 2016). 

The findings significantly support using AgNPs as natu-

ral antioxidants for health preservation against various 

forms of oxidative stress linked to degenerative illness-

es. Earlier research employing mango seed extract 

(Mangifera indica) revealed antioxidant activity in bio-

logically produced gold nanoparticles, with an IC50 val-

ue for DPPH activity of 256 g/ml (Dong et al., 2020). 

Gold nanoparticles in size range of 1 to 100 nanome-

ters, manufactured using green technology, have anti-

bacterial, anticancer, anti-inflammatory, and antioxidant 

activities (Usman et al.,2018).  

Antioxidants are organic or inorganic substances that 

can prevent or delay oxidant-induced cell damage (free 

radicals, ROS, and other unstable molecules). An anti-

oxidant is a substance that prevents, slows, or reverses 

oxidative damage to a target molecule. A substance 

must be active at low concentrations (phenolic antioxi-

dants lose activity at high concentrations and act as 

prooxidants), have a sufficient amount to deactivate the 

target molecule, react with oxygen or nitrogen free radi-

cals, and produce a less toxic product than the re-

moved radical to be classified as an antioxidant. The 

activity can be measured using the IC50 values, which 

are the concentrations of samples capable of scaveng-

ing 50% of the free radicals present in the reaction mix-

ture. When the IC50 is large, antioxidant activity suffers 

(Halliwell, 2006). Because of their role in inducing xeno-

biotic detoxification pathways, stimulating signal trans-

duction pathways, and stimulating phagocytosis, free 

radicals might be considered biologically vital. Athero-

sclerosis, ageing, ischaemia and reperfusion injury of 

many tissues, central nervous system injury, gastritis, 

cancer, and other disorders have been linked to the 

same radicals (Costa et al., 2009). Because they are 

able to operate as scavengers of singlet oxygen and 

free radicals in biological systems, several phenolic 

compounds including flavonoids, have antioxidant prop-

erties (Rice-Evans, 1997). At higher concentrations, the 

extract appears to be more effective in scavenging the 

artificial free radical (DPPH). The FTIR results revealed 

the presence of phenolic compounds in the PHE, which 

is the added supporting reasoning of possessing antiox-

idant properties. (Latha et al., 2022). Silver and gold 

nanoparticles derived from different biological re-

sources have antioxidant effects comparable to those of 

phytosource nanoparticles (Vijayan et al., 2018). Alt-

Fig. 1. DPPH radical scavenging activity of silver and gold 

nanoparticles 

Fig. 2. Percentage of cell viability against the in vitro 

cytotoxicity of silver and gold nanoparticles against the 

Vero cell line 
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Assay 
 IC50 value μg/mL 

Silver Nanoparticles  Gold Nanoparticles 

DPPH 1020 649 

MTT- Vero cell 118.75 93.75 

MTT- Human Breast Cancer 93.75 46.8 

Table 1. IC50 values of antioxidant, cytotoxic and anticancer assays. 

Fig. 3. In vitro cytotoxicity of silver nanoparticles against Vero cells at various concentrations ranging from a-1000 μg; 

b- 500 μg; c-250 μg; d-125 μg;e-62.5 μg; f- 31.2 μg;g-DMSO;h -controlcells.Black Arrow- Dead cells: White Arrow –

Live cells  
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hough the IC50 value is higher than that of various bio-

logical samples, such as phytosources and microorgan-

isms, silver and gold nanoparticles generated from an 

animal source also have significant antioxidant effects, 

according to the present findings. 

In vitro cytotoxicity of nanoparticles in Vero cell 

lines 

The cytotoxic effect of the produced nanoparticles was 

investigated using an in vitro MTT test on Vero cells. 

The percentages of cell viability against various con-

centrations of silver and gold nanoparticles are plotted 

in Fig. 2. Figs. 3 and 4 show the microscopic analysis 

of the cytotoxic effect of silver and gold nanoparticles at 

various concentrations ranging from 31.2 to 1000 μg/

mL. This revealed the loss of the epithelial cell distinc-

tive monolayer, which is indicated by the black arrow

(dead cells) and white arrow (live cells) in silver 

(Fig.3c,dande) and gold (Fig.4d, e, and f) nanoparti-

cles. The IC50 values for silver and gold nanoparticles 

were found to be 118.75 and 93.75 μg/mL, respectively 

Fig. 4. In vitro cytotoxicity of gold nanoparticles against Vero cells at various concentrations ranging from a-1000 μg;  

b- 500 μg; c-250 μg; d-125 μg;e-62.5 μg;f-31.2 μg;g-DMSO; h- Control cells (vero)Black Arrow- Dead cells: White  

Arrow –Live cells 
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(Table 1). The cytotoxicity of silver and gold nanoparti-

cles was dose-dependent, according to our under-

standing. Cytotoxicity is influenced by nanoparticle size 

and dose concentration (Liao et al., 2019). The size of 

the particles may have an impact on cytotoxicity in the-

ory. For the same mass, smaller nanoparticles have a 

more accessible surface area to interact with biological 

components such as nucleic acids, proteins, fatty acids, 

and carbohydrates than larger nanoparticles. It has a 

higher chance of entering a cell and causing damage 

due to its tiny size (Huang et al., 2017). 

In vitro anticancer activity in human breast cancer 

cells (MCF-7) 

The in vitro anticancer activity of silver and gold nano-

particles on the human breast cancer cell line MCF-

7showed antiproliferative activity against the cancer cell 

Fig. 5. Percentage of cell viability against concentration 

in an in vitro anticancer study of silver and gold nanopar-

ticles against the human breast cancer cell lineMCF-7. 

Fig. 6. In vitro anticancer activity of silver nanoparticles against human breast cells (MCF-7) at various concentrations 

ranging from a-1000 μg; b- 500 μg; c-250 μg; d-125 μg;e-62.5 μg;f-31.2 μg.g-DMSO; h-Control cells. Black Arrow- 

Dead cells: White Arrow –Live cells 
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line, which was visualized under a microscope (Figs. 6 

and 7). Under a microscopic view, the control cells ex-

hibited a greater number of well-adhered live cells than 

the cells treated with the synthesized nanoparticles. 

Considerable changes in the morphology and size are 

noted due to cell death and the scattering pattern. Cell 

mortality appeared more with the increase in the  

concentration, which is indicated by white and black  

arrows.The percentage of cell viability at various con-

centrations of silver and gold nanoparticles is shown in 

Fig. 5. The results proved to be efficient at the various 

concentrations tested. The IC50 values for silver and 

gold nanoparticles were found to be significant. 

(Table1). Based on these results, AuNPs were found to 

be most active against human breast cancer cells and 

showed strong cell growth inhibition at lower concentra-

tions Hence, the results of these experiments showed 

that the inhibition rate is related to the dose, type of 

particle, concentration and type of cell line.  The inhibi-

tion of cell growth by increasing the concentration of 

nanoparticles could be attributed to the apoptotic effect 

of nanoparticles (Zein et al., 2020).Earlier studies sug-

gested that cell death was selectively induced by gold 

and silver nanoparticles depending on the type of cell 

line of breast cancer MCF-7 cells and colon cancer 

HT29 cells (He et al.,2016). Cell death was caused by 

apoptosis with no effect on normal cells. Silver and gold 

nanoparticles can cause cancer cell death by producing 

reactive oxygen species (ROS), DNA damage, and 

apoptosis. Similar in vi t ro  anti-prol i ferat ion ac-

tivities of silver and gold nanoparticles were studied on 

many cancerous cells (Yen et al., 2009). The inhibition 

of cell growth was reported to be due to the upregulat-

ed cytokine expression by silver and gold nanopar-

ticles in cell lines. Silver nanoparticles can inhibit 

TNF-I, while gold nanoparticles can concentration-

dependently inhibit IL-2 and IL-6 in leukemia cells, 

leading to anti-cell proliferation (Parnsamut and 

Brimson, 2015). This study revealed that the antiprolif-

erative activity of gold nanoparticles is more effective 

Fig.7. In vitro anticancer activity of gold nanoparticles against human breast cells (MCF-7)at various concentrations 

ranging from a-1000 μg; b- 500 μg; c-250 μg; d-125 μg;e-62.5 μg;andf-31.2 μg. Black Arrow- Dead cells: White Arrow –

Live cells 
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than that of silver nanoparticles. The reason supported 

the result that both nanoparticles can enter the cells, 

but only gold nanoparticles can upregulate the expres-

sion of proinflammatory genes. Positively charged, neg-

atively charged, and neutral gold NPs (diameter 2–3 

nm) produced DNA damage in human lung adenocarci-

noma A549 cells following a 24-hour treatment (comet 

assay), with the positively charged gold NPs having the 

strongest genotoxic effect (May et al., 2018). In another 

study, 10-nm, 30-nm, and 60-nm gold NPs caused 

DNA damage in HepG2 cells, with the smallest NPs 

having the most effect (Lopez-chaves et al., 2018). 

DNA fragmentation assay  

Apoptosis is the late stage of morphological and bio-

chemical events of programmed cell death, which is 

characterized by specific changes in the cell surface. A 

DNA fragmentation assay was conducted to study 

whether nanoparticles synthesized from PHE induced 

anti-proliferation/cell mortality through apoptosis. DNA 

laddering was performed by agarose gel electrophore-

sis,as shown in Fig.8. DNA fragmentation analysis re-

vealed the apoptotic mode of cell death caused by syn-

thesized silver and gold nanoparticles. Similar studies 

showed that the apoptosis mode of cell death in human 

breast and larynx cancer cell lines treated with Cassia 

auriculata leaf extract (Rajagopalan Prasanna et al., 

2011) and Couroupitaguianensis flower extract-

mediated gold nanoparticles induced apoptosis and 

enhanced DNA fragmentation in HL-60 cells (Geetha et 

al., 2013). Additionally, DNA fragmentation in an inter-

nucleosomal pattern is noticeable in mass cultures of 

apoptotic cells.The ability of AuNPs to induce apoptosis 

is also supported by measuring DNA damage in cells 

(Tao wu et al., 2019). The anticancer activity of green-

synthesized gold nanoparticles through DNA damage 

and ROS-mediated apoptosis in HT-29 cells was con-

firmed (Mata et al., 2016). 

Conclusion 

Metallic nanoparticles such as silver and gold synthe-

sized from animal sources (PHE) have been proven to 

possess significant antioxidant, cytotoxic and anti-

cancer properties through various studies, such as 

DPPH radical scavenging effects, in vitro MTT assays 

in Vero cellsand human breast cancer cell lines and 

DNA fragmentation tests. The outcome of the study 

revealed thatgold nanoparticles have profound anti-

cancer effects on the human breast cancer cell line 

MCF-7 compared to silver nanoparticles. Although the 

long-term toxicity of nanoparticles is a source of de-

bate, the usage of gold and silver nanoparticles has a 

number of advantages over other available options 

(such as cytostatics). This work demonstrated that bio-

active agents found in PHE can be discovered and 

used directly as medications or to separate bioactive 

compounds that can be employed as important ingredi-

ents in semisynthetic therapeutic formulations. Many 

innovative anticancer medications have been generat-

ed in the past from natural ingredients, and new ones 

are being developed all the time. Traditional chemo-

therapeutic drugs may improve the efficacy or lessen 

the toxicity of these naturally occurring anticancer 

chemicals, allowing them to be employed to treat cer-

tain tumours. 

Conflicts of interest 

The authors declare that they have no conflicts of  

interest. 

ACKNOWLEDGEMENTS 

The authors are grateful to the management and Princi-

pal of Ayya Nadar Janaki Ammal College 

(Autonomous), Sivakasi for providing the essential facil-

ities for this research, as well as N.M.S.S.Vellaichamy 

Nadar College (Autonomous), Nagamalai, Madurai for 

their support and provision.  

REFERENCES 

1. Awasthi, R., Roseblade, A., Hansbro, P.M., Rathbone, 

M.J., Dua, K. & Bebawy, M. (2018). Nanoparticles in can-

cer treatment: opportunities and obstacles. Curr Drug 

Targets,19(14),1696-1709. Doi: 10.2174/138945011966 

6180326122831. 

2. Aziz, S.G.G., Aziz, S. & Akbarzadeh, G.A. (2017).  

Advances in silver nanotechnology: An update on biomed-

ical applications and future perspectives.Drug Res, 67

(4):198-203. doi: 10.1055/s-0042-112810.(67),198–203. 

Fig. 8. Effect of nanoparticles on the DNA fragmentation 

assay to study cell death (apoptosis).Lane 1- silver  

nanoparticles; Lane 2- gold nanoparticles; Lane  

3- standard; Lane 4 – control cells. 



 

92 

Latha, R. et al. / J. Appl. & Nat. Sci. 14(1), 83 - 93 (2022) 

3. Barathmanikanth.S., Kalishwaralal, K., Sriram, M., Pandi-

an, S.R., Youn, H.S., Eom, S., & Gurunathan, S.(2010) 

Antioxidant effect of gold nanoparticles restrains hypergly-

cemic conditions in diabetic mice. J. Nanobiotechnology, 

14(8),16. doi: 10.1186/1477-3155-8-1 

4. Costa, R., Magalhaes, A., Pereira, J., Andrade, P., 

Valentão, P., Carvalho, M. & Silva, B. (2009). Evaluation 

of free radical-scavenging and antihemolytic activities of 

quince (Cydonia oblonga) leaf: A comparative study with 

green tea (Camellia sinensis) Food and Chem. Tox,47, 

860–865.[PubMed] [Google Scholar] 

5.  Devi, G.H., Suruthi, P., Veerakumar, R., Vinoth, S., Sub-

baiya, R. & Chozhavendahn, S.A.(2019).Review of metal-

lic gold and silver nanoparticles. J. Pharm. Tech, (12), 935

-  943. 

6. Donga, S., Bhadu, G.R. & Chanda,S.(2020). Antimicrobi-

al, antioxidant and anticancer activities of gold nanoparti-

cles green synthesized using Mangifera indica seed aque-

ous extract. Artif Cells Nanomed Biotechnol, 48(1), 1315-

1325. doi: 10.1080/21691401.2020.184347. 

7. Elahi, N., Kamali, M.,Baghersad, M.H. (2018). Recent 

biomedical applications of gold nanoparticles: A review. 

Talanta,184, 537–556.https://doi.org/10.1016/j.talanta.20 

18.02.088 

8. Foroozandeh. P. &   Aziz, A.A. (2018). Insight into Cellular 

Uptake and Intracellular Trafficking of Nanoparti-

cles. Nanoscale Res. Lett. 25, 13(1),339.doi: 10.1186/

s11671-018-2728-6. 

9. Geetha, R., Ashokkumar, T., Tamilselvan, S., Go-

vindaraju, K., Sadiq, M., & Singaravelu, G. (2013). Green 

synthesis of gold nanoparticles and their anticancer activi-

ty. Cancer Nanotechnol., 4(4-5), 91–98. https://

doi.org/10.1007/s12645-013-0040-9. 

10. Halliwell B. (2006). Reactive species and antioxidants. 

Redox biology is a fundamental theme of aerobic 

life. Plant Physiology, 141(2), 312–322. https://

doi.org/10.1104/pp.106.077073 

11. He, Y., Du, Z., Ma, S., Liu, Y., Li, D., Huang, H., Jiang, S., 

Cheng, S., Wu, W., Zhang, K., & Zheng, X. (2016). Effects 

of green-synthesized silver nanoparticles on lung cancer 

cells in vitro and grown as xenograft tumors in vi-

vo. Int. J. Nanomedicine,11, 1879–1887. https://

doi.org/10.2147/IJN.S103695 

12. Huang, Y. W., Cambre, M., & Lee, H. J. (2017). The Tox-

icity of Nanoparticles Depends on Multiple Molecular and 

Physicochemical Mechanisms. Int. J. Mol. Sci., 18(12), 

2702. https://doi.org/10.3390/ijms18122702 

13. Jahangirian, H., Kalantari, K., Izadiyan, Z., Rafiee-

Moghaddam, R., Shameli, K., & Webster, T. J. (2019). A 

review of small molecules and drug delivery applications 

using gold and iron nano-

partcles. Int. J. Nanomedicine, 14, 1633–1657. https://

doi.org/10.2147/IJN.S184723 

14. Jain, P.K.,El-Sayed,I.H. & El-Sayed, M.A.(2007). Au nano-

particles target cancer. Nano Today, 2007; 2: 18-

29.https://doi.org/10.1016/S1748-0132(07)70016-6. 

15. Khandel, P., Yadaw, R.K., Soni, D.K. et al. 

(2018). Biogenesis of metal nanoparticles and their phar-

macological applications: present status and application 

prospects. J Nanostruct. Chem., 8, 217–254. https://

doi.org/10.1007/s40097-018-0267-4 

16. Krishnaraj, C., Muthukumaran, P., Ramachandran, R., 

Balakumaran, M.D.  & Kalaichelvan, P.T. (2014) Acalypha 

indica Linn: Biogenic Synthesis of Silver and Gold Nano-

particles and Their CytotoxicEffects against MDA-MB-231, 

Human Breast Cancer Cells. Biotechnol. Rep, 4, 42-49. 

https://doi.org/10.1016/j.btre.2014.08.002 

17. Latha, R., Sevarkodiyone,SP. & Pandiarajan J(2022). 

Multi-Faceted Role of Silver and Gold Nanoparticles Syn-

thesized from Biowaste and its in vitro Antibacterial, Anti-

fungal and Antidiabetic Activities. Lett.Appl. Nanobiosci-

ence,11 (1), 3076 – 3092 https://doi.org/10.33263/LIAN 

BS111.30763092 

18. Li, W., Zhou, J., & Xu, Y. (2015). Study of the in 

vitro cytotoxicity testing of medical devices. Biomed rep, 3

(5), 617–620. https://doi.org/10.3892/br.2015.481 

19. Liao, C., Li, Y. & Tjong,S.C.(2019). Bactericidal and Cyto-

toxic Properties of Silver Nanoparticles. Int J Mol Sci, Jan 

21;20(2):449. doi: 10.3390/ijms20020449. 

20. Lopez-Chaves, C., Soto-Alvaredo, J., Montes-Bayon, M., 

Bettmer, J., Llopis, J., & Sanchez-Gonzalez, C. (2018). 

Gold nanoparticles: Distribution, bioaccumulation and 

toxicity. In vitro and in vivo studies. Nanomed.: Nanotech-

nol. Biol. Med. 14(1), 1–12. https://doi.org/10.1016/j.nan 

o.2017.08.011. 

21. Malvia,S.,  Bagadi, S.A.,  Dubey, U.S.&  Saxene,S. 

(2017). Epidemiology of breast cancer in Indian wom-

en .Asia Pac J Clin Oncol, Aug;13(4), 289-295. doi: 

10.1111/ajco.12661.  

22. Mata, R., Nakkala, J. R., & Sadras, S. R. (2016). Polyphe-

nol stabilized colloidal gold nanoparticles from Abutilon 

indicum leaf extract induce apoptosis in HT-29 colon can-

cer cells. Colloids surf. B,143: 499–510. https://

doi.org/10.1016/j.colsurfb.2016.03.069 

23. May, S., Hirsch, C.,Rippl, A.,Bohmer, N.,Kaiser, J.P., 

Diener,L.,A. Wichser, A.,Bürkle,A., &Wick. P.

(2018)  Transient DNA Damage Following Exposure to 

Gold Nanoparticles. Nanoscale., 10, 15723–15735. 

https://doi.org/10.1039/C8NR03612H 

24. Mosmann T. (1983). Rapid colorimetric assay for cellular 

growth and survival: application to proliferation and cyto-

toxicity assays. J. Immunol. methods, 65(1-2), 55–63. 

https://doi.org/10.1016/0022-1759(83)90303-4 

25. Ou, J., Zhou, Z., Chen, Z. & Tan, H. (2019). Optical diag-

nostic based on functionalized gold nanoparticles. Int. J. 

Mol. Sci, 20(18), 4346.  https://doi.org/10.3390/

ijms20184346. 

26. Parnsamut, C. & Brimson. S. (2015). Effects of silver na-

noparticles and gold nanoparticles on IL-2, IL-6, and TNF-

α production via MAPK pathway in leukemic cell 

lines. Genet.Mol.Res. 14(2), 3650–3668. https://

doi.org/10.4238/2015.April.17.15 

27. Patra, J. K. & Baek, K. H. (2016). Biosynthesis of silver 

nanoparticles using aqueous extract of silky hairs of corn 

and investigation of its antibacterial and anticandidal syn-

ergistic activity and antioxidant potential. IET nanobiotech-

nology, 10(5), 326–333. https://doi.org/10.1049/iet-

nbt.2015.0102 

28. Pham-Huy, L. A., He, H. & Pham-Huy, C. (2008). Free 

radicals, antioxidants in disease and health. Int J Biomed 

sci, 4(2), 89–96. 

29. Prasanna, R., Harish, C. C., Pichai, R., Sakthisekaran, D., 

& Gunasekaran, P. (2009). Anticancer effect of Cassia 

auriculata leaf extract in vitro through cell cycle arrest and 

https://www.ncbi.nlm.nih.gov/pubmed/19271320
https://scholar.google.com/scholar_lookup?journal=Food+and+Chem.+Tox&title=Evaluation+of+free+radical-scavenging+and+antihemolytic+activities+of+quince+(Cydonia+oblonga)+leaf:+A+comparative+study+with+green+tea+(Camellia+sinensis)&author=R+Costa&author=A+Maga
https://doi.org/10.1016/j.talanta.2018.02.088
https://doi.org/10.1016/j.talanta.2018.02.088
https://doi.org/10.1007/s12645-013-0040-9
https://doi.org/10.1007/s12645-013-0040-9
https://doi.org/10.1104/pp.106.077073
https://doi.org/10.1104/pp.106.077073
https://doi.org/10.2147/IJN.S103695
https://doi.org/10.2147/IJN.S103695
https://doi.org/10.3390/ijms18122702
https://doi.org/10.2147/IJN.S184723
https://doi.org/10.2147/IJN.S184723
https://doi.org/10.1007/s40097-018-0267-4
https://doi.org/10.1007/s40097-018-0267-4
file:///C:/Users/latha/Desktop/JANS/%20https:/doi.org/10.33263/LIANBS111.30763092
file:///C:/Users/latha/Desktop/JANS/%20https:/doi.org/10.33263/LIANBS111.30763092
https://doi.org/10.1016/j.colsurfb.2016.03.069
https://doi.org/10.1016/j.colsurfb.2016.03.069
https://doi.org/10.1039/C8NR03612H
https://doi.org/10.4238/2015.April.17.15
https://doi.org/10.4238/2015.April.17.15


 

93 

Latha, R. et al. / J. Appl. & Nat. Sci. 14(1), 83 - 93 (2022) 

induction of apoptosis in human breast and larynx cancer 

cell lines. Cell biology international, 33(2), 127–134. 

https://doi.org/10.1016/j.cellbi.2008.10.006 

30. Rice-Evans. C.A., Miller, N.J. &  Paganga.G.(1997) Anti-

oxidant properties of phenolic compounds. Trends Plant 

Sci,2(4),152–159.https://doi.org/10.1016/S1360-1385(97)

01018-2. 

31. Shende, P., Kasture, P.& Gaud. R.S.(2018). Nanoflowers: 

the future trend of nanotechnology for multiapplications. 

Artif Cells Nanomed Biotechnol ,46(1), 413- 422, https://

doi.org/10.1080/21691401.2018.1428812 

32. Tailor. C.S & Goyal. A. (2014). Antioxidant Activity by 

DPPH Radical Scavenging Method of Ageratum co-

nyzoides Linn. Leaves. American Journal of Ethnomedi-

cine, 2014; 1: 244-249. 

33. Tao Wu, Xi Duan, Chunyan Hu, Changqiang Wu, Xiaobin 

Chen, Jing Huang, Junbo Liu & Shu Cui (2019) Synthesis 

and characterization of gold nanoparticles from Abies 

spectabilis extract and its anticancer activity on bladder 

cancer T24 cells. Artif Cells Nanomed Biotech-

nol , 47:1, 512-523, DOI: 10.1080/21691401.20 

18.1560305. 

34. Usman, A. I., Abdul Aziz, A., & Abu Noqta. O. (2018). 

Application of green synthesis of gold nanoparticles: A 

Review, Jurnal Teknologi, 81(1). https://doi.org/10.11113/

jt.v81.11409 

35. Vijayan, R.,  Joseph, S. & Mathew. B.(2018). Eco-friendly 

synthesis of silver and gold nanoparticles with enhanced 

antimicrobial, antioxidant, and catalytic activities. IET 

Nanobiotechnol, Sep;12(6):850-856.https://doi.org/10.104 

9/iet-nbt.2017.0311. 

36. Wang, R., Deng, J.,He, D.,Yang, E.,Yang, W.,Shi, D., 

Jiang, Y., Qiu, Z., Webster, T.J. & Shen. Y. (2021). 

PEGylated hollow gold nanoparticles for combined X-ray 

radiation and photothermal therapy in vitro and enhanced 

CT imaging in vivo. Nanomed. Nanotechnol. Biol. 

Med.Jul;35:102313. http://doi: 10.1016/j.nano.20 20.10 

2313. 

37. Yen, H. J., Hsu, S. H., & Tsai, C. L. (2009). Cytotoxicity 

and immunological response of gold and silver nanoparti-

cles of different sizes. Small (Weinheim a der Bergstras-

se, Germany), 5(13): 1553–1561. https://doi.org/10.1002/

smll.200900126 

38. Yingchoncharoen, P., Kalinowski, D. S., & Richardson. D. 

R. (2016). Lipid-based drug delivery systems in cancer 

therapy: What is available and what is however, to 

come. Pharmacol Rev., 68(3), 701–787. https://

doi.org/10.1124/pr.115.012070. 

39. Zein, R., Alghoraibi, I., Soukkarieh, C., Salman, A. & Alah-

mad. A. (2020). Invitro anticancer activity against Caco-2 

cell line of colloidal nano silver synthesized using aqueous 

extract of Eucalyptus Camaldulensis leaves. Heliyon, 6(8), 

e04594. https://doi.org/10.1016/j.heliyon.2020.e04594 

40. Zhang, X.F., Liu ZG, Shen W, GurunathanS(2016) Silver 

nanoparticles: synthesis, characterization, properties, 

applications, and therapeutic approaches. IJMS,13;17

(9):1534.doi: 10.3390/ijms17091534. 

41. Zhang. D., Ma. X.,Gu, Y., Huang, H., Zhang. G.W, 

(2020).Green synthesis of Metallic Nanoparticles and 

Their Potential Applications to Treat Cancer. Front 

Chem,8:799.https://doi.org/10.3389/fchem.2020.00799 

https://doi.org/10.1016/j.cellbi.2008.10.006
https://doi.org/10.1080/21691401.2018.1428812
https://doi.org/10.1080/21691401.2018.1560305
https://doi.org/10.11113/jt.v81.11409
https://doi.org/10.11113/jt.v81.11409
https://doi.org/10.1049/iet-nbt.2017.0311
https://doi.org/10.1049/iet-nbt.2017.0311
https://doi.org/10.1002/smll.200900126
https://doi.org/10.1002/smll.200900126
https://doi.org/10.1124/pr.115.012070
https://doi.org/10.1124/pr.115.012070
https://doi.org/10.3389/fchem.2020.00799

