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a b s t r a c t 

Silver nanoparticles biosynthesis has received increasing attention in the field of nanotechnology due to 

their antimicrobial and biomedical applications. Green synthesis of metal nanoparticles is anticipated as 

a cost effective and eco-friendly alternative in the current research scenario. With this aim, the aqueous 

extracts made from the aerial parts of Lippia nodiflora were used as the reducing agents to synthesize 

silver nanoparticles (AgNPs) and their antioxidant, antibacterial and cytotoxic properties have also been 

evaluated. The biosynthesized AgNPs were characterized by UV–Visible Spectroscopy, Fourier-Transform 

Infrared Spectroscopy (FTIR) and X-Ray Diffraction (XRD) analysis. The AgNPs were found to be stable at 

−25.2 mV through zeta potential study. The morphology and size of synthesized silver nanoparticles were 

confirmed by Scanning Electron Microscope with energy dispersive spectra (SEM-EDX) and Transmission 

Electron Microscopy (TEM) analysis with size range from 30 to 60 nm. Biosynthesized AgNPs exhibited 

strong antioxidant activity as well as showed potent antibacterial activity against human pathogenic bac- 

teria. The cytotoxicity study of AgNPs was also revealed against MCF-7 breast cancer cell lines in a dose- 

dependent manner. The recognized bioactivity confirmed by the synthesized AgNPs directs towards the 

clinical use as an antioxidant, antibacterial and cytotoxic agent. 

© 2017 Tomsk Polytechnic University. Published by Elsevier B.V. 

This is an open access article under the CC BY-NC-ND license. 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

1. Introduction 

Nanotechnology is one of the most interesting areas of research 

in this era, which is budding day by day, with an impact in diverse 

aspects of human life [1] . For the past few years, nanometallic par- 

ticles are gaining much attention owing to their applicability in the 

field of medicines, biology, material sciences and electronics at the 

nanoscale level [2] . Even though several routes are accessible, the 

synthesis of nanoparticles with a biological approach turns out to 

be crucial [3] . In the present scenario, the biosynthesis of nanopar- 

ticles using plant extracts are much simpler than the chemical syn- 

thesis method and may be employed for several therapeutic ap- 

plications [4,5] . Moreover, the synthesis of nanoparticles using the 

plant extract as a reducing and capping agent was more benefi- 

cial than microbial synthesis. The effects of diverse plants like Fi- 

cus carica [6] , Piper longum [7] , Rosmarinus officinalis [8] , Lantana 

camara [9] , Prunus yedoensis [10] , Zingiber officinale [11] Azadirachta 
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indica [12] , Erythrina indica [13] , beet root [14] , etc., were also re- 

ported for the synthesis of various metal nanoparticles. 

Antioxidants are very essential to protect cells and biological 

macromolecules from degenerative reactions produced by free rad- 

icals and reactive oxygen species [15] . The antioxidant property 

of various plant products, such as polyphenolic substances ( e.g. , 

flavonoids and tannins) derived from various plants and herbal ex- 

tracts have been reported [16–18] . In recent studies, the oxygen- 

based free radicals have been proved to be scavenged effectively 

by inorganic nanoparticles [19,20] . Moreover, silver has long been 

documented as a valuable antimicrobial agent that reveals low tox- 

icity in humans and comprises various in vitro and in vivo appli- 

cations among the other metals [21] . The highly reactive metal 

oxide nanoparticles are well known to demonstrate tremendous 

bactericidal activity against Gram-positive and Gram-negative bac- 

teria [22] . Recently, AgNPs exhibit lot of scope in the field of 

high sensitivity biomolecular detection, catalysis, biosensors and 

medicine along with the anti-fungal, anti-inflammatory and anti- 

angiogenesis activities [23,24] . In addition to antioxidant and an- 

timicrobial activity, the cytotoxicity studies also comprise promi- 
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nent significance and numerous studies are underway to elucidate 

these aspects. 

In Indian traditional medicine, herbal extracts have long been 

used for treating varied pathological processes including respira- 

tory, neurodegenerative and cardiovascular ailments [25,26] . Thus, 

nanoparticles synthesized by using such herbal extract may per- 

haps serve together as bactericidal and antioxidants. In the present 

study, we have explored the biosynthesis of AgNPs using the aque- 

ous extract of aerial parts of Lippia nodiflora. L. nodiflora (Verbe- 

naceae), a crawling recurrent herb, grow up in maritime areas near 

rivers and found throughout India. The plant exhibits anodyne, car- 

diotonic, antibacterial, diuretic, parasiticide and refrigerant proper- 

ties [27] . Several studies regarding pharmacological properties of 

aerial parts of L. nodiflora were reported. However, till date, there 

is no report that portrays its prospective in nanobiotechnology to 

synthesize nanoparticles and thereby assessing its biomedical effi- 

cacy. Hence the present study was carried out to synthesize and 

characterize silver nanoparticles and to examine their antioxidant 

and antibacterial activities. In addition, the cytotoxic effect of green 

synthesized AgNPs against MCF-7 breast cancer cell line was also 

determined. 

2. Materials and methods 

2.1. Reagents 

The reagents such as silver nitrate (AgNO 3 ) , 2-Deoxy-D- 

ribose, butylated hydroxyl toluene (BHT), 2, 2-diphenyl-1- 

picrylhydrazyl (DPPH), phenazine methosulphate (PMS), ni- 

troblue tetrazolium (NBT), MTT [3-(4, 5-dimethylthiazol- 2-yl)-2, 

5-diphenyltetrazolium bromide] were obtained from (Sigma 

Chemicals St. Louis, MO, USA). 2, 4,6- tripyridyl- S- triazine (TPTZ), 

thiobarbituric acid (TBA), trichloroacetic acid (TCA) ethylene di- 

aminetetraacetic acid (EDTA), ferric chloride (FeCl 3 ), hydrogen 

peroxide (H 2 O 2 ), and nicotinamide adenine dinucleotide-reduced 

(NADH), were obtained from M s -1 (Sisco Research laboratories, 

Mumbai, India). Nutrient agar and broth for antimicrobial activity 

were purchased from Hi-Media, Mumbai, India. All other chemicals 

and reagents used in this study were of analytical grade. 

2.2. Preparation of L. nodiflora aerial extract 

The fresh aerial parts of L. nodiflora were collected from 

Karaikudi, Sivagangai District, Tamilnadu and its identification was 

confirmed by a taxonomist, as reported earlier [28] . The freshly 

collected plant material was washed thoroughly with tap water, 

shade dried for 2 weeks at room temperature and then powdered 

with kitchen blender. The aerial parts of L. nodiflora exhibit highest 

polyphenolic content (98.31 ±0.004 mg GAE/g), determined using 

the standard curve of gallic acid. In the present study, 10 g of pow- 

der was taken and mixed with 100 ml of sterilized double distilled 

water and boiled in a water bath at 60 °C for 10 min. After cooling, 

the mixture was filtered with Whatman No.1 filter paper and the 

aqueous filtrate was used for further study. 

2.3. Biosynthesis of AgNPs 

For the biosynthesis of AgNPs, 10 ml of aqueous extract was 

added to 190 ml of 1 mM aqueous silver nitrate solution and the 

synthesis was carried out using the conical flask. The mixture was 

gradually boiled in a water bath at varying temperatures rang- 

ing from 30 to 95 °C for 10 min, in order to study the temper- 

ature effects on the synthesis rate of AgNPs. Reduction of silver 

nanoparticles was observed by change in their color of the reaction 

mixture during temperature treatment. A control setup was also 

maintained without L. nodiflora extract. The AgNPs solution were 

subsequently purified by repeated centrifugation at 10,0 0 0 rpm for 

20 min at 4 °C and the pellet obtained was suspended in sterilized 

double distilled water and freeze dried using lyophilizer. 

2.4. Characterization of AgNPs 

An aliquot of synthesized nanoparticles was initially charac- 

terized by UV–visible spectrophotometer in the wavelength range 

of 30 0–70 0 nm with Shimadzu spectrophotometer (Model UV- 

1800, Shimadzu, Kyoto, Japan) operating at 1 nm resolution. Fourier 

transform infrared spectroscopy (FTIR) analysis was carried out 

on Bruker Tensor 27 instrument (Germany) and the spectra were 

recorded in the range of wavelength between 40 0 0 cm −1 and 40 0 

cm −1 . For comparison, UV–visible and FTIR spectral analysis was 

also performed to the extract before addition of the silver ni- 

trate solution. For XRD studies, dried nanoparticles were coated 

on XRD grid and the spectra was recorded using Cu K α radia- 

tion ( λ= 1.54060 Å) with nickel monochromator in the range of 2 θ
from 10 ° to 80 °. The average crystalline size of the synthesized Ag- 

NPs was calculated using Scherrer’s formula (D = 0.9 λ/ βcos θ ). A 

small portion of AgNPs suspension was placed on glass slide to 

make thin film, dried over hot air oven and then the thin film was 

used for the SEM analysis equipped with EDX (SEM FEI QUANTA 

250). The particle size distribution of AgNPs was evaluated using 

dynamic light scattering (DLS) measurements and zeta potential 

analysis was conducted with a Malvern Zetasizer Nanoseries com- 

pact scattering spectrometer (Malvern Instruments Ltd., Malvern, 

UK). The AgNPs were dissolved in physiological saline (0.9% w/v of 

NaCl) for zeta potential analysis. Data obtained were analyzed us- 

ing Zetasizer software. The shape and size of the particles were 

measured with transmission electron microscopy (TEM) using Tec- 

nai 10 instrument at 120 kV. 

2.5. Determination of antioxidant activities 

2.5.1. DPPH radical scavenging assay 

The DPPH radical scavenging activity of silver nanoparticles was 

determined, as previously described [29] . Different concentrations 

(25–500 μg/ml) of AgNPs were prepared in de-ionized water and 

0.1 ml of AgNPs solution was added to 1 ml of 0.1 mM of freshly 

prepared DPPH solution in ethanol. The reaction mixtures were 

shaken vigorously and absorbance at 517 nm was determined after 

20 min at room temperature. Control sample was prepared without 

silver nanoparticles. BHT was used as positive control in all the as- 

says. The radical scavenging activity was measured as a decrease 

in the absorbance of DPPH • and calculated as follows: 

Scavenging effect ( % ) = [ ( A c − A s ) / A c ] × 100 

where, A c is the absorbance of the control, and A s is the ab- 

sorbance of the sample or standard. 

2.5.2. Superoxide anion radical-scavenging assay 

The superoxide anion radical-scavenging effect was deter- 

mined by the method of Nishikimi et al. [30] . The purple for- 

mazan formed by nitroblue tetrazolium (NBT) by reacting with 

the superoxide radicals produced from phenazine methosulfate–

nicotinamide adenine dinucleotide (PMS/NADH) non-enzymatic 

system was measured spectrophotometrically. In this assay, the re- 

action mixture consists of NBT (1 mM) in phosphate buffer (0.1 M, 

pH 7.4), NADH (1 mM), PMS (0.1 mM) and different concentrations 

(25–500 μg/ml) of AgNPs was incubated at room temperature for 

5 min and the absorbance was recorded at 560 nm. The inhibition 

percentage was calculated against a control without the sample. 

The scavenging ability was calculated using the equation as de- 

scribed for DPPH assay. 
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2.5.3. Measurement of reducing power 

The reducing power was determined by the method of Yen and 

Chen, [31] . In brief, various concentrations of AgNPs solution (25–

500 μg/ml) were prepared and 0.1 ml of the sample solutions was 

mixed with sodium phosphate buffer (0.2 M, pH 6.6) and 1% potas- 

sium ferricyanide (1 g/100 ml water). The reaction mixture was in- 

cubated at 50 °C for 20 min and then cooled rapidly. After in- 

cubation, 10% trichloroacetic acid (w/v) was added to terminate 

the reaction followed by centrifugation at 30 0 0 rpm for 10 min. 

The supernatant was mixed with 0.1% ferric chloride, and the ab- 

sorbance was measured spectrophotometrically at 700 nm. The ob- 

tained results were compared with BHT which was used as a posi- 

tive control. Higher absorbances of the resultant solution designate 

a higher reducing activity. 

2.5.4. Measurement of hydrogen peroxide scavenging activity 

The ability of AgNPs to scavenge hydrogen peroxide (H 2 O 2 ) 

was determined according to the method of Ruch et al. [32] with 

slight modifications. Briefly, different concentrations of AgNPs (25–

500 μg/ml) and BHT was mixed with 2.4 ml of phosphate buffer 

(0.1 M, pH 7.4) and 0.6 ml of H 2 O 2 solution (40 mM), vortexed and 

incubated at room temperature for 10 min. At the end of incuba- 

tion, the concentration of hydrogen peroxide was determined by 

absorption at 230 nm against a blank solution containing phos- 

phate buffer without hydrogen peroxide. The H 2 O 2 scavenging 

ability was calculated using the formula as described for DPPH as- 

say. 

2.5.5. Hydroxyl radical scavenging assay 

The capacity of AgNPs to reduce hydroxyl radical-mediated per- 

oxidation was carried out by the method of Hinneburg et al. [33] . 

Briefly, 0.5 ml of 5.6 mM 2-deoxy-D-ribose in KH 2 PO 4 –NaOH buffer 

(50 mM, pH 7.4), 0.2 ml of 100 μM FeCl 3 and 104 mM EDTA (1:1 

v/v) solution were added to 0.1 ml of different concentrations of 

AgNPs solution (25–500 μg/ml), followed by addition of 100 μl of 

1.0 mM H 2 O 2 and 0.1 ml of 1.0 mM aqueous BHT. The reaction mix- 

tures were shaken vigorously and incubated at 50 °C for 30 min. 

Subsequently, 1 ml of 2.8% TCA and 1 ml of 1% TBA were added 

to each tube containing reaction mixture and samples were mixed 

well again and boiled in a water bath at 50 °C for 30 min. The re- 

action mixture without sample was used as the control. The ab- 

sorbance of solution was read at 532 nm. The hydroxyl radical 

scavenging ability was calculated using the formula as described 

for DPPH assay. 

2.6. Antibacterial activity of biosynthesized nanoparticles 

The antibacterial activity of synthesized AgNPs and L. nodiflora 

aqueous extract were determined by disc diffusion method against 

human pathogens such as Staphylococcus aureus (MTCC96), Strep- 

tococcus mutans (MTCC896), Streptococcus pneumonia (MTCC1936), 

Escherichia coli (MTCC40) and Klebsiella pneumonia (MTCC7407). 

These strains were obtained from Dr. N. M. Prabhu, Department 

of Animal Health and Management, Alagappa University, Karaikudi, 

Tamilnadu. The bacterial cultures were maintained at −80 °C in 

glycerol stock and were sub-cultured in nutrient broth for 24 h at 

30 °C. Then each strain was spread uniformly into the individual 

nutrient agar plates. Sterile Whatman filter paper discs of 5 mm di- 

ameter were impregnated with AgNPs/plant extract (50 μg/ml) us- 

ing sterile micropipette, and it was allowed to dry. The nanopar- 

ticles loaded discs along with control disc (without nanoparticles) 

were placed on the nutrient agar plates. After 24 h incubation at 

37 °C, the zone of inhibition was measured and the assays were 

performed in triplicate. 

2.7. Cell culture 

MCF-7 cell line was purchased from National Center for Cell Sci- 

ences (NCCS), Pune, India. The cell line was cultured in the Dul- 

becco’s Modified Eagles medium (DMEM) supplemented with 10% 

fetal bovine serum (FBS), 20 0 mM L-gulutamine, 10 0 U/ml peni- 

cillin, and 10 mg/ml streptomycin in a humidified atmosphere con- 

sisting of 5% CO 2 at 37 °C. 

2.7.1. Evaluation of cytotoxicity 

The cytotoxic effect of biosynthesized AgNPs against MCF-7 

cells was evaluated by MTT [3-(4, 5- dimethylthiazol-2-yl)-2, 5- 

diphenyl tetrazolium bromide] assay. Briefly, MCF-7 cells were 

seeded (5 ×10 4 cells/well) in a 96-well plate and kept in CO 2 in- 

cubator for 24 h for attachment and growth. Then, the cells were 

treated with different concentration of biosynthesized AgNPs (5–

100 µg/ml) and incubated for 24 h After incubation, the culture 

medium was removed and 15 µl of the MTT solution (5 mg/ml in 

PBS) was added to each well. Following 4 h incubation in dark, MTT 

was discarded and the resulting formazan crystals were solubilized 

in DMSO (100 µl/well). The absorbance was measured colorimet- 

rically at 570 nm with an ELISA microplate reader. The percentage 

of cell viability was calculated using the following formula and ex- 

pressed as IC 50 . 

= 
OD value of treated cells 

OD value of untreated cells ( control ) 
×100 

2.8. Statistical analysis 

All statistical analyses were performed using GraphPad Prism 

5.0 software (GraphPad Software, San Diego, CA, USA). Data signify 

the means plus or minus the standard deviation (mean ± SD) and 

are representative of three independent experiments. 

3. Results and discussion 

3.1. Characterization of AgNPs 

The aerial parts of L. nodiflora were materialized to be a po- 

tential source of phytoconstituents to treat various diseases. It has 

been reported that the aerial parts contains various organic com- 

pounds such as alkaloids, flavonoids, steroids, phenols, glycosides 

and terpenoids [34,35] . The soluble components present in aque- 

ous extract of L. nodiflora might found to be accountable for re- 

duction of metal ions and stabilization of nanoparticles. The syn- 

thesis of AgNPs at varying temperatures denotes the color of the 

extract changes gradually from yellow to reddish-brown (inset), 

but the intensity of reddish-brown color developed was elevated 

at 95 °C, compared to other temperatures such as 30 °C, 60 °C and 

90 °C ( Fig. 1 ). From the obtained results, it was determined that 

AgNPs prepared were not aggregate, and were stable for one week 

at room temperature. Some research findings showed longer sta- 

bility than one week for syntheses of AgNPs, which supported our 

research [36,37] . In the current study, the spectral peak of corre- 

sponding temperatures confirmed the maximum synthesis of Ag- 

NPs at 95 °C, by supporting a prominent color change. A fairy sharp 

and proportioned surface plasmon resonance (SPR) band width 

was observed at 442 nm for AgNPs prepared at 95 °C. Moreover, the 

comparison of UV-visible spectra shows that, the SPR band shifts 

from ≈475 nm at 30 °C to lower wavelengths (442 nm) at 95 °C, as 

the temperature increases. The obtained result may be ascribed to 

the size of particles range of 2 nm to 100 nm with spherical shape 

[38–40] . But, the UV-visible spectrum indicated no absorption in 

the range of 260–800 nm, before thermal reduction. The precise 

SPR arrangement of nanoparticle and absorbance depends on a 
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Fig. 1. UV–visible spectra of AgNPs synthesized using L. nodiflora extract at differ- 

ent temperatures. 

number of sources such as the dielectric constant, pH, and tem- 

perature of the medium and particle size [41] . Therefore, the sin- 

gle SPR band as visualized by UV-visible analysis corresponds to 

the absorption spectra of spherical nanoparticles. 

FTIR measurements were carried out to identify the promis- 

ing biomolecules in the L. nodiflora aqueous extract accountable 

for the reduction of the silver ions and also the capping agent li- 

able for the stability of the bioreduced AgNPs. The representative 

FTIR spectra of aqueous extract of L. nodiflora and obtained Ag- 

NPs of various temperatures were recorded and the major peaks 

are manifested in Fig. 2 . The FTIR spectrum of the aerial ex- 

tract showed sharp peaks at 3449, 1637, 1389, 1122, and 614 cm −1 

( Fig. 2 a) and also showed minor peaks at 2086, 1195, 1047 and 

528 cm −1 . Whereas the biosynthesized AgNPs at different temper- 

atures showed peaks in the 340 0–350 0, 20 0 0–210 0, 160 0–170 0, 

110 0–120 0, and 60 0–70 0 cm −1 regions ( Fig. 2 b-e). There is no 

significant variation was observed among the spectral positions 

of peaks of biosynthesized AgNPs at different temperatures. The 

prominent band attributed at 3437–3452 cm −1 corresponds with 

the OH stretching of phenolic groups [42] , the narrow band at 

1636–1637 cm −1 can be attributed to C = O stretching probably due 

to the presence of amide group, which is accountable for the re- 

duction of Ag + ions to AgNPs. The band at 2071–2086 cm −1 cor- 

responds with the C–N stretching of any R–N = C = S and the band 

at 1086–1122 cm −1 were assigned to strong C–N stretching vibra- 

tions of aliphatic amines. The spectra illustrate the disappearance 

of bands at 1047, 1195, 1389 cm −1 and appearance of band at 636–

688 cm −1 in the presence of AgNPs. The disappearance of band can 

be predictable to the vibrational stretching modes C–O–C of phe- 

nolic compounds at 1047 cm −1 [43] and C–O stretching (alcohols) 

at 1389 cm −1 . The appearance of peak may perhaps be due to the 

O –H bends correlated to phenolic elements of the plant [38] . The 

FT-IR analysis suggested that the reasonable mechanism of AgNPs 

formation may be due to the reduction of Ag + ions that takes place 

together with oxidation of phenolic components of polyols [44] . 

The nanoparticles prepared at 95 °C were used for further analy- 

sis based on intensity of color change and UV-vis predictions. 

Fig. 3 shows the typical XRD pattern of biosynthesized AgNPs. 

The presence of characteristic of four diffraction peaks were ob- 

served at 38.04 ° (111), 44.23 ° (200), 64.37 ° (220), and 77.34 ° (311) 

representing the face centered cubic structure of silver (JCPDS file 

no. 89-3722). In comparison to the other three facets, the strong 

reflection at 111, may perhaps signify the growth path of the 

nanocrystals [45] . The average crystalline size of the AgNPs formed 

in the bioreduction was determined using the Scherrer equation 

and is estimated as 78 nm. The intense XRD pattern thus undoubt- 

edly shows that AgNPs formed by the reduction of Ag + ions using 

L. nodiflora aqueous extract are crystalline in nature. Similar results 

were reported for AgNPs in the literature [46–48] . 

The morphology of synthesized AgNPs was confirmed by SEM 

analysis. They were approximately spherical in shape with smooth 

surface ( Fig. 4 a). Due to its spherical nature, the synthesized parti- 

cles were found to be highly scattered and the shape of the parti- 

cles has correlated with SPR band at 442 nm for AgNPs. EDX is also 

very helpful as it provides elemental analysis or chemical char- 

acterization of a sample. By measuring the energy and intensity 

of X-rays, qualitative and quantitative elemental analysis can be 

estimated. The chemical composition of nanoparticles synthesized 

from aerial extract of L. nodiflora was examined using EDX in SEM. 

The presence of nanocrystalline elemental silver was confirmed by 

the optical absorption peak, which is observed approximately at 

3 keV. The EDX spectrum indicates strong silver signal followed by 

Cl peak almost at 2.5 keV. The Cl signal observed in EDX spectra 

may be originated from the plant extract ( Fig. 4 b). 

The zeta potential of the particles robustly depends on the 

pH and the electrolyte concentration of the dispersion [49] . Even 

though, the zeta potential is higher than 30 mV or lesser than 

−30 mV, the dispersion is found to be stable in practice. In our 

study, AgNPs dispersed in physiological saline was extremely sta- 

ble with a zeta potential value of −25.2 mV ( Fig. 5 a). Moreover, the 

negative charge of particles has a propensity to afford more sta- 

ble particles by preventing them from agglomeration process [50] . 

Thus, our result supports the above information. The average parti- 

cle size measured by DLS was 143.7 nm as shown in Fig. 5 (b). This 

may be due to the detection of minor amounts of large sized par- 

ticles produced by agglomeration or contamination, which caused 

uncertainties in particle sizes. The size measured by DLS analy- 

sis was higher than that measured by TEM analysis. The signifi- 

cant differences in both analysis probably reveals that TEM purely 

measures a number based size distribution of the physical size 

and does not consist of any capping agent, whereas DLS measures 

the hydrodynamic diameter (diameter of the particle) along with 

ions or molecules that are attached to the surface and moves with 

the AgNPs in solution [51] . Hence, these ions or other associated 

molecules create the particle to show larger to the instrument in 

comparison to TEM. 

The structural morphology and size of synthesized AgNPs were 

further characterized by TEM micrograph images ( Fig. 6 ). Fig. 6 (a) 

and (b) clearly shows the spherical structure of AgNPs, which is 

in agreement with the shape of SPR band recognized from the UV- 

visible spectrum. The TEM readings displayed that the particles are 

well dispersed in nature with a size range of 30–60 nm and found 

to be highly crystalline as shown by clear lattice fringes and se- 

lected area electron diffraction (SAED) pattern ( Fig. 6 c). 

3.2. Evaluation of antioxidant properties of AgNPs 

The DPPH scavenging activities are recognized to be due to the 

hydrogen donating abilities of antioxidants. The result of differ- 

ent concentrations of AgNPs on DPPH radical scavenging activity 

is shown in Fig. 7 (a). Both AgNPs and BHT established a significant 

inhibitory activity against the DPPH radical and thereby signify a 

source for antioxidants. The free radical scavenging activity of Ag- 

NPs tends to increase with increasing its concentration. Notably, 

AgNPs exhibit stronger antioxidant activity of 67% at 500 μg/ml. 

However, the standard BHT demonstrated 83% inhibition in the 

same concentration. The probable DPPH scavenging activity of Ag- 

NPs reported previously has supported the results of our present 

study [52–54] . 
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Fig. 2. FTIR spectra of AgNPs synthesized using L. nodiflora extract. ( a ) FTIR peak of aqueous plant extract, ( b ) intense of FTIR band shift at 30 °C, ( c ) intense of FTIR band 

shift at 60 °C, ( d ) intense of FTIR band shift at 90 °C, ( e ) intense of FTIR band shift at 95 °C. 
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Fig. 3. XRD pattern of prepared AgNPs exhibiting the facets of crystalline silver. 

The superoxide anion radical is recognized to be very injuri- 

ous to cellular components as a herald of more reactive oxygen 

species, contributing to tissue damage and various diseases [55] . 

In this study, the superoxide radical scavenging activity of AgNPs 

and BHT is shown in Fig. 7 (b). The inhibition percentage of su- 

peroxide radical was increased correspondingly with increasing the 

quantity of sample. The maximum inhibition of superoxide radi- 

cal scavenging activity was about 70% by AgNPs as compared to 

the activity of BHT (84%) at the concentration of 500 μg/ml. There- 

fore, superoxide radical-scavenging activity by AgNPs as antioxi- 

dants has many physiological implications. Similar interpretations 

with potential superoxide scavenging activity by gold and AgNPs 

have been reported earlier [20] . 

The hydroxyl radical ( • OH) radical is one of the principal com- 

ponent in the progression of carcinogenesis, mutagenesis, and cy- 

totoxicity, by means of causing DNA damages [56] . The AgNPs scav- 

enged • OH radical in a concentration-dependent manner, as shown 

in Fig. 8 (a). The scavenging ability of AgNPs was significant at all 

tested concentrations with maximal inhibition of 69% at 500 μg/ml 

whereas, BHT as a positive control was highly effective on hydro- 

gen radical scavenging with 75% activity at 500 μg/ml. The experi- 

mental result of AgNPs, to scavenge or inhibit the • OH radical sig- 

nifies that the AgNPs could significantly inhibit lipid peroxidation 

because • OH radicals are well concerned in peroxidation process. 

The reducing ability of a substance may serve as a principal 

marker of its prospective antioxidant activity. Fig. 8 (b) shows the 

reductive power of AgNPs relative to BHT, a well known antioxi- 

dant. The AgNPs revealed comparatively enhanced reducing power 

than BHT and the reducing activity of AgNPs was found to increase 

with increasing concentrations. At the concentration of 500 μg/ml, 

the reducing power of AgNPs and BHT was 0.115 and 0.095, respec- 

tively. It is also noteworthy that AgNPs shows consistently higher 

reducing power than those acquired for DPPH scavenging activ- 

ity. Our interpretation was found to be similar to the observations 

made by Dipankar and Murugan [57] for AgNPs synthesized from 

Iresine herbstii leaves. 

H 2 O 2 is measured as one of major inducers of cellular aging 

and could attack numerous cellular energy-producing systems [58] . 

The AgNPs and BHT exerted concentration-dependent H 2 O 2 scav- 

enging activities, as depicted in Fig. 8 (c). At the concentration of 

500 μg/ml, the H 2 O 2 scavenging activity for AgNPs and BHT was 

71.1% and 68.2%, respectively. However, AgNPs exhibited higher 

H 2 O 2 scavenging activity than BHT. The results herein suggest that 

AgNPs was an excellent platform to scavenge the ROS and there is 

an immense potential for the biologically synthesized AgNPs as a 

natural basis of antioxidants. 

3.3. Antibacterial activity of biosynthesized nanoparticles 

In this study, the antibacterial activity of AgNPs synthesized 

from L. nodiflora and its extract was evaluated by disc diffu- 

sion assay against five different bacterial species. AgNPs exhibited 

strong antibacterial activity against all tested bacterial pathogens 

at 50 μg/ml concentration (Fig. S1) and the growth inhibition zone 

values were calculated in millimeter (mm) ( Table 1 ). As shown in 

Table 1 , AgNPs has exposed highest zone of inhibition of about 

24.1 mm for S. pneumonia followed by E. coli (22 mm). Both S. au- 

reus and K. pneumonia showed similar antibacterial activity. The 

L. nodiflora aerial extract did not show any zone of inhibition at 

Fig. 4. ( a ) SEM micrograph of AgNPs and ( b ) EDX spectra of AgNPs synthesized by aerial extract established silver as main composition of the nanoparticles. 
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Fig. 5. ( a ) Stable AgNPs at −25.2 mV in zeta potential analysis and ( b ) Size distribution of AgNPs with maximum intensity at 143.7 nm. 

Fig. 6. ( a, b ) TEM images of AgNPs observed at 20 nm scale and ( c ) selected area electron diffraction (SAED) pattern of AgNPs. 

Fig. 7. Antioxidant efficacy of AgNPs using DPPH radical ( a ) and Superoxide radical ( b ) scavenging assays. 

Table 1 

Antibacterial activity of aerial extract and silver nanoparticles of L. nodiflora . 

Test sample Concentration (μg/ml) Inhibition zone diameter (mm) 

S. aureus S. mutans S. pneumonia E. coli K. pneumonia 

Plant extract 50 – – – – –

AgNPs 50 20 .3 ±0.32 18 .2 ±1.2 24 .1 ±0.9 22 .0 ±1.5 20 .4 ±0.76 
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Fig. 8. Antioxidant activity of AgNPs using hydroxyl radical ( a ), reducing power ( b ), and hydrogen peroxide ( c ) assays. 

the tested concentration. On the other hand, after formation of 

nanoparticles, the suspension has exposed significant antibacte- 

rial activity against bacterial pathogens. From the results, it can 

be noted that, S. pneumonia was more sensitive towards AgNPs 

than other pathogens. Previous studies signified that AgNPs are 

extremely known for its antibacterial activity against many gram 

positive and gram negative bacteria [57,59] . Recently, But, the se- 

lectivity for diverse bacterial strains changes owing to the presence 

of capping agents and stabilizers used in the preparation of AgNPs. 

The higher activity of AgNPs may conceivably due to the conforma- 

tional changes persuaded in the membrane structure of bacterial 

cell wall by the action of AgNPs resulting in increased membrane 

permeability, and as a result leads to bacterial cell death [60] . 

3.4. In vitro cytotoxicity and morphological observation 

The cytotoxic effects of synthesized AgNPs against cancer cell 

lines were highlighted in several literatures. In the present inves- 

tigation, the anticancer efficacy of biosynthesized AgNPs was stud- 

ied against MCF-7 cell line and the percentage of cell viability of 

AgNPs are illustrated in Fig. 9 (a). The cytotoxicity effect was found 

to be increased with increase in concentration of AgNPs. The Ag- 

NPs inhibited the cell growth by 3.9, 11.8, 23.5, 56.9 and 72.8% at 

doses of 5, 10, 25, 50 and 100 μg/ml, respectively. Hence, the cyto- 

toxicity induced by biosynthesized AgNPs in the treated cells, cor- 

respondingly resulted in the inhibitory concentration (IC 50 ) value 

of 40 μg/ml after 24 h treatment. The morphological changes were 

examined in both untreated and treated MCF-7 cells, under phase 

contrast microscope. It was found that the untreated MCF-7 (con- 

trol) cells exhibited a high confluence of monolayer cells and a 

smooth, flattened morphology with intact cell membrane ( Fig. 9 b). 

Whereas, the AgNPs treated cells exhibited retraction, rounding, 

detachment from the surface and suspended cells were appar- 

ently accumulated. These results suggest that AgNPs can induce 

cell death in MCF-7 cells and our finding is reliable with the earlier 

reports [61] . 

4. Conclusion 

In this present study, we conclude that, AgNPs were success- 

fully synthesized from the aqueous extract of the aerial parts of 

L. nodiflora as a reducing and capping agents. The structural, mor- 

phological and elemental studies of biologically synthesized Ag- 

NPs were fully characterized by UV-visible spectroscopy, FTIR, XRD, 

SEM, EDX and TEM respectively. The synthesized AgNPs are crys- 

talline in nature and exhibit a sharp SPR band width at 442 nm. 

TEM showed the formation of AgNPs with an average size of 30–

60 nm. The biomedical efficacy of the characterized nanoparticles 

was efficiently determined using antioxidant, antimicrobial and an- 

ticancer properties. The biosynthesized AgNPs exhibited strong an- 

tioxidant activity of about 71% in scavenging H 2 O 2 . Hence, the syn- 

thesized nanoparticles may provide potential applications as free 
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Fig. 9. ( a ) Cell viability of AgNPs on MCF-7 cells analyzed by MTT method ( b ) 

Morphological alterations of untreated (control) and treated MCF-7 cells (10 μg/ml; 

100 μg/ml). 

radical scavengers in treatment of various diseases. Moreover, Ag- 

NPs might be useful for the progress of newer and more effective 

antimicrobial and anticancer agents. From these studies, it can be 

inferred that nanoparticles biosynthesis may possibly be a gateway 

to our various health concerns. 
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