
INTRODUCTION

Nanoparticles exhibit new and improved properties based

on size, distribution and morphology than larger particles of

the bulk materials from which the nanoparticles are made1.

The surface to volume ratio of nanoparticles is inversely

proportional to their size. The biological effectiveness of

nanoparticles can increase proportionately with an increase in

the specific surface area due to the increase in their surface

energy and catalytic reactivity2. Studies have shown that the

size morphology stability and chemical-physical properties

of the metal nanoparticles are strongly influenced by the

experimental conditions, the kinetics of the interaction of metal

ions with reducing agents and the adsorption processes of

stabilizing agents with metal nanoparticles. Hence, the design

of the synthesis method in which the size morphology, stability

and properties are controlled has become a major field of

interest3-5. There are many established wet-chemical methods

for the synthesis of metal nanoparticles. Most of these methods

are quite easy to execute and offer facile means to control the

shape, sizes and surface characteristics of the produced

nanoparticles, enabling scientists to precisely tune the overall
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physico-chemical properties of nanoparticles However, inspite

of these advances, these techniques still have major drawbacks,

e.g., use of starting materials, stabilizers and solvents used

which are toxic and potentially hazardous. Moreover, adsorp-

tion of the toxic by-products on the surface of the synthesized

nanoparticles is another problem associated with wet chemical

methods6-9.

Metal nanoparticles are currently being used in biomedical

applications, such as novel biosensing devices and cancer

therapy. For these applications, synthesized nanoparticles need

to be biocompatible, water soluble and easily functionalized

for fine-tuning their surface chemistry. However, biocompati-

bility can be severely compromised if toxic by-products formed

during nanoparticle synthesis are adsorbed onto the particle

surface. Biological molecules have qualities by which they

can undergo highly controlled and hierarchical assembly,

which makes them suitable for the development of a reliable

and eco-friendly process for metal nanoparticles synthesis10,11.

Therefore, the biological approach for the synthesis of nano-

particles becomes essential. One of the promising alternative

synthetic routes for metal nanoparticles is biogenic synthesis,

which employs non-toxic reactants derived from the biological
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sources ranging from unicellular organisms to higher plants.

The key advantage of the use of plant extracts as the biogenic

agents for metal nanoparticles synthesis is their easy avail-

ability. Moreover, simple laboratory set-up is required for the

synthesis process and use of these biogenic materials poten-

tially eliminates the elaborate process of cell culture and cell

maintenance necessary for the biogenic synthesis of metal

nanoparticles using unicellular organisms. Moreover, this

synthetic protocol is applicable at room temperature and

pressure, thus saving huge amount of energy.

Silver nanoparticles have unique properties that find its

way in different applications viz.: (a)in assay as biological tags

and biosensors in diagnostic applications, (b) incorporating

AgNPs in apparel, footwear, wound dressings, paints,

cosmetics and plastics resulted in antibacterial properties and

(c) AgNPs are used in conductive inks and when incorporated

in composites enhanced thermal and electrical12,13. Appli-

cations of the significant features of silver have increased since

ancient times and due to the conveniently distributed sizes

and shapes as well as a large surface area, silver nanoparticles

are known as desirable and effective substances in many fields.

AgNPs have received attention due to the surface plasmon

resonance (strong absorption in the visible region), which can

be easily monitored by UV-visible spectrophotometer. The

applications of AgNPs in the field of medicine, optoelectronics,

optics, catalysis, sensors are well known14-17.

Bio-inspired approaches were explored in the synthesis

and applications of AgNPs using plant leaf extracts such as

Crossandra infundibuliformis18, Acalypha indica19, Rhizophora

mucronata20, Mentha piperita21, Azadirachta indica9, lemon-

grass plant extract22, Stevia rebaudiana23, Chenopodium

album24, Cassia fistula25, Banana peel extract26, Alternanthera

sessilis (Linn.)27 and Ocimum sanctum28. These AgNPs

produced show good antimicrobial activity against common

pathogens. Many reports have been published in the literature

on the biogenesis of AgNPs using several plant seed extracts,

particularly Papaver somniferum29, Jatropha curcas30 and

Medicago sativa31. In this context, we have designed a facile,

biosynthetic route for the production of silver nanoparticles

employing a  biodegradable aqueous extract of natural plant

seed as both the reducing and stabilizing agent. The present

study involved the synthesis, characterization, in vitro anti-

oxidant and antibacterial studies of silver nanoparticles. We

have also evaluated the antibacterial activity of the gold nano-

particles from same plant source and results were well

encouraged32. So far, till date there is no report for silver nano-

particles and their antioxidant studies from the aqueous extract

of Senna siamea plant seed. However prepared silver nano-

particles exhibited well toxicity against to gram-positive and

gram-negative bacteria than gold nanoparticles.

EXPERIMENTAL

Preparation of aqueous extract of plant seed: Fresh

50 g seeds of Senna siamea plants were collected and washed

with double distilled water. Cut into small pieces, transferred

to 500 mL beaker and boiled with 300 mL of distilled water

for 10 min up to 70 ºC using magnetic stirrer. The obtained

mixture was cooled and filtered through Whatman No. 1 filter

paper. The boiled extract was refrigerated and used for further

experimental procedures.

Biosynthesis of silver nanoparticles: 1 mM (1 × 10-3)

solution of silver nitrate (AgNO3) stock solution was prepared

by using sterile deionized triple distilled water. A series of

volume (2-10 mL) of plant seed extract was added to 5 mL of

1 × 10-3 M aqueous AgNO3 solution and water being added to

acquire a volume of 15 mL. After 2 h incubation period at

room temperature conditions, colour changed from transparent

light yellow to brown colour indicating the formation of silver

nanoparticles. The occurrence of colour was a primary indi-

cation of the formation of silver nanoparticles.

Ultraviolet-visible spectroscopy analysis: UV-Visible

spectroscopy measurement was carried out on JASCO V 550

spectrophotometer operated at a resolution of 1 nm.

FT-IR analysis: Identification of possible biomolecules

responsible for the reduction and stabilization of silver nano-

particles was recorded using ABB MB3000 FT-IR spectro-

photometer in the range of 4000-400 cm-1.

X-Ray diffraction studies: The phyto reduced silver

colloidal solution was drop-coated onto a glass substrate and

the XRD measurements were carried out using a Philips X’Pert

Pro X-ray diffractometer, with the following working condi-

tions: CuKα Ni-filtered radiation; 40 kV, 30 mA; divergence

slit 0.47º.

High resolution transmission electron microscopy

(HRTEM) analysis: The stable biogenic AgNPs were washed

and diluted by distilled water to attain the absorbance range

of 0.5. Further, one drop of diluted AgNPs sample was placed

on Cu grid with Ultrathin Cu on holey carbon disc and was

allowed to dry in vacuo. After drying, the nanoparticles were

visualized using JEOL JEM 2100 high resolution transmi-

ssion electron microscope operating in the range of 200 kV of

acceleration.

Dynamic light scattering (DLS) and zeta potential

measurements: Particle size measurement and zeta potential

experiments were carried out by means of laser diffractometry,

using zeta sizer nano-series (Malvern). Dynamic light scattering

(DLS) was used for measurement of average hydrodynamic

diameters and poly dispersity indexes (PDIs) (Malvern Zetasizer

Nano-ZS, Malvern Instruments, UK). Each sample was

analyzed in triplicate at 20 ºC at a scattering angle of 173º.

Pure water was used as a references dispersing medium. The

instrument was calibrated with Malvern-50V standard before

each analysis cycle.

2,2-Diphenyl-1-picrylhydrazyl (DPPH) free radical

scavenging assay: In vitro antioxidant activity was studied

by testing the scavenging capacities on 2,2-diphenyl-1-

picrylhydrazyl (DPPH) free radical. The nanoparticle solution

was lyophilized and makes it as a powder, the concentration

of the stock solution 1 mg/mL concentration. Various concen-

trations of the stock solutions (concentrations of 10-50 µL)

were mixed with 0.25 mM DPPH in ethanol, to produce a final

DPPH concentration of 0.1 mM. The mixture was vigorously

shaken and left to stand for 20 min in the dark and its absorbance

was measured at 517 nm. Quercetin was used as the standard.

The radical-scavenging activities of samples, expressed as percen-

tage inhibition of DPPH, were calculated according to the formula:
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Inhibition percentage =

        100
control of Absorbance

sample of Absorbancecontrol of Absorbance
×

−
=

Antibacterial activity: Antibacterial activity of the

AgNPs was screened against two gram positive (Staphyloccus

aureus and Bacillus subtilis) and three gram negative

(Escherishea coli, Pseudomonas aeruginosa and Klebsiella

pneumonia) human pathogenic bacteria using the agar well

diffusion assay method. Gentamycin used as a standard for

this antibacterial assay. About 18-20 mL of molten and cooled

nutrient agar media was poured into sterilized petri dishes.

The plates were left overnight at room temperature to allow

any contamination to appear. The bacterial test organisms were

grown in nutrient broth for 24 h. A 100 mL nutrient broth

culture of each bacterial organism was used to prepare bacterial

lawns. Agar wells with diameters of 5 mM were prepared with

the help of a sterilised stainless steel cork borer. The plates

containing the bacterial and AgNPs were incubated at 37 ºC

and then examined for evidence of zones of inhibition, which

appear as a clear area around the wells. The diameter of such

zones of inhibition was measured for each organism was

recorded and expressed in millimetres.

RESULTS AND DISCUSSION

The formation of nanoparticles was easily detected and

characterized by UV-visible spectroscopy owing to the surface

plasmon resonance (SPR), i.e., the interaction of electromag-

netic radiation and the electrons in the conduction band around

the nanoparticles33. Under the UV region, AgNPs give a charac-

teristic absorbance band due to the excitation mode of their

surface plasmons which is dependent on the nanoparticle size.

The spectrum can exhibit a shift towards the red end or the

blue end depending upon the particle size shape, state of

aggregation and the surrounding dielectric medium34-36. Accor-

ding to Henglein, the surface plasmon resonance band shifted

to the blue when electrons are donated to the particles and the

surface plasmon resonance band shifted to the red when holes

are injected to the clusters37. The present study demonstrates

the mechanism involved in the reduction of AgNO3 to AgNPs

by the phytochemical constituents of aqueous extract of Senna

siamea plant seed. In the present work, the AgNPs are rapidly

formed after 2 h incubation period by the addition of aqueous

extract of Senna siamea seed, evident from the appearance of

brownish yellow colour and the λmax appeared at 440 nm is

depicted in Fig. 1. Earlier reports stated that maximum absor-

bance occurred at 435 nm due to presence of silver particle38.

FTIR measurement of the nanoparticles was carried out

to study the interaction with the biomolecules present in the

extracts responsible for stabilization of the nanoparticles.

The peak at 3232, 2920-2849, 1736, 1649-1545, 1457-1117

and 980-767 cm-1 corresponds to polyphenols, aromatic C-H

stretching, N-H bending, C=N stretching of aliphatic amines,

aromatic C-H bending of seed extracts Fig. 2(a) FT-IR spec-

trum suggests that the protein present in extract may be acts

as capping agent and reducing agent. FT-IR spectrum of

synthesized AgNPs were shown in Fig. 2(b). The absorption

bands that appear AgNPs stabilized action with N-H and C=N
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Fig. 1. UV-visible spectral (surface plasmon resonance band) analysis of

bio synthesized silver nanoparticles

Fig. 2. (a) FT-IR spectrum of Senna saimea plant seed aqueous extract (b)

FT-IR spectrum of synthesized silver nanoparticles

stretching of amines which is confirmed by FT-IR spectrum.

IR spectrum peaks (1649, 1402 and 1117 cm-1) of the seed

aqueous extract could also be seen in the IR spectra of

phytocapped AgNPs. Furthermore the result shows that the

phytochemical constituents, particularly protein and amines

groups protect the AgNPs from aggregation and thereby

retain the long term stability of nanoparticles38.

The crystalline nature of silver nanoparticles was con-

firmed from X-ray diffraction analysis. The typical powder

XRD patterns of the prepared nanoparticles, originating from

biosynthesis of different plant extracts, showed diffraction

peaks at 2θ = 38.2, 44.4, 64.6, 77.5 and 81.7º, which could be

indexed to (1 1 1), (2 0 0), (2 2 0), (3 1 1) and (222) planes of

pure silver (PDF No. 04-0783). This is confirmed that the main

composition of the nanoparticles were of silver with fcc (face

central cubic) lattice structure. The XRD pattern of the dried

silver nanoparticles synthesized using Senna siamea plant seed

aqueous extract is shown in Fig. 3. The three broad diffraction

peaks were observed and indexed to the (111), (200) and (220)

reflection planes of face centered cubic (fcc) structure of

metallic silver nanopowers. All these peaks were well matched
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Fig. 3. XRD pattern of biosynthesized AgNPs exhibiting the facets of

crystalline silver

with the standard JCPDS file No. 04-0783. The recorded XRD

pattern also showed some other additional unassigned peaks

which might be due to the formation of the crystalline bioorganic

compounds/ metalloproteins that could be present in the plant

seed extracts and were corresponding to the standard JCPDS

file No. 22-1560 and 22-1532. These sharp Bragg peaks might

have resulted due to the reducing agent stabilizing the

nanoparticles. These peaks are much weaker than those of silver,

which indicates that the silver is the main material in the

composite compared with those of the bulk counterpart. Crysta-

lline nature of the nanoparticles is further evidenced by the

selected-area electron diffraction (SAED) patterns with bright

circular spots corresponding to (111), (200) and (220) Bragg

reflection planes shown in Fig. 4(b). XRD pattern shows that

as metal ion concentration decreases the peaks become broad-

ened. Generally, the broadening of peaks in the XRD patterns

of solids is attributed to particle size effects39. Broader peaks

signify smaller particle size and reflect the effects due to experi-

mental conditions on the nucleation and growth of the crystal

nuclei40.

Fig. 4. (a) TEM image of silver nanoparticle (b) SAED pattern of silver

nanoparticles

The application of transmission electron microscopy in

nanosciences is significant to view the particles in nanoscale.

The high resolution transmission electron microscopy

(HRTEM) images of synthesized AgNPs and SAED pattern

obtained from HRTEM studies are depicted in Fig. 4(a-b),

which give clear indications regarding size, shape and size

distribution of nanoparticles. From the images, it can be seen

that the AgNPs are capped with phytoconstituents of Senna

siamea seeds and TEM image is the evident that the morphology

of silver nanoparticles is nearly spherical shape. The SAED

pattern of AgNPs reveals its crystalline nature (white dots in

Fig. 4). The size of the synthesized spherical shaped AgNPs

were approximately 70 nm in size.

From the dynamic light scattering results, the calculated

average particle size distribution of AgNPs is 70 nm and the

corresponding average zeta potential value is -22.9 mV (Fig.

5(a-b)). A well dispersed AgNPs were found with respect to

intensity. The results suggesting higher stability of AgNPs with

out any changes in absorbance spectrum. The large negative

potential value could be due to the capping of protein bio mass

constituents present in the extract41.
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Fig. 5. (a) Size distribution by intensity of silver nanoparticles (b) Effective

zeta potential of silver nanoparticles

For obtained protein capped silver nanoparticles, we

evaluated in vitro antioxidant activity against to 2,2-diphenyl-

1-picrylhydrazyl (DPPH) free radical. The hydrogen atom or

electron donation ability of the silver nanoparticles and the

pure Senna siamea extract were measured from the bleaching

of a purple-coloured ethanol solution of DPPH. Because DPPH

and peroxyl radicals have similar electronic structures (the

unpaired electron is delocalized over both N atoms of hydrazyl

and both O atoms of peroxyl), the reaction rate of DPPH and

antioxidants gives a good approximation for scavenging

activities with lipid peroxyl radicals. This spectrophotometric

assay uses the stable radical 2,2-diphenyl-1-picrylhydrazyl

(DPPH) as a reagent. Antioxidant property was evaluated

using DPPH which showed increase in free radical scavenging

activity of the silver nanoparticles, which increased with the

increase in concentration of the nanoparticles. Free radical

scavenging activity of the silver nanoparticles was assessed

9252  Reddy et al. Asian J. Chem.



by DPPH assay. The freshly prepared DPPH solution exhibited

a deep purple colour with a maximum absorbance at 517 nm.

The disappearance of purple colour on adding synthesized

silver nanoparticles might be due to presence of antioxidant

in the medium. Free radical scavenging activity of the AgNPs

on DPPH radical was found to increase with increase in concen-

tration, showing a maximum of 62 % at 500 µg/mL. The

standard quercetin, however, at this concentration exhibited

80 % inhibition (Fig. 6).
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Fig. 6. DPPH free radical scavenging assay of protein capped silver

nanoparticles

Biologically synthesized protein capped nanoparticles

showed better antimicrobial activity against the growth of

pathogen (Fig. 6). Aqueous extract of seed and silver nano-

particles were applied in 50, 100 and 150 µL concentrations

in agar well diffusion method. The pathogens, Staphylococcus

aureus (20 mm) and Pseudomonas aeruginosa (18 mm) found

to be sensitive against the compound. And followed Bacillus

subtilis (16 mm) Escherichia coli (15  mm), Klebsiella pneumoniae

(13 mm) and shown in Fig. 7. For these silver nanoparticles

Klebsiella pneumoniae shows noted resistance wich may be

due to its strong cell wall chemistry. It Thus silver nanoparticles

exhibit a broad size distribution and morphologies with highly

reactive facets.
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Fig. 7. Antibacterial activity of protein capped silver nanoparticle

It is well known that Ag+ ions and Ag-based compounds

have strong antimicrobial effects and many investigators are

interested in using other inorganic nanoparticles as antibac-

terial agents. These inorganic nanoparticles have a distinct

advantage over conventional chemical antimicrobial agents.

The most important problem caused by the chemical antimi-

crobial agents is multidrug resistance. Generally, the antimi-

crobial mechanism of chemical agents depends on the specific

binding with the surface and the metabolism of agents into

the microorganism. To date, antimicrobial agents based on

chemicals have been effective for therapy. However, they have

been limited to use in medical devices and prophylaxis in

antimicrobial facilities. Therefore, an alternative way to over-

come the drug resistance of various microorganisms is needed.

Ag+ ions and Ag salts have been used for decades as antimi-

crobial agents in various fields because of their growth-

inhibitory capacity against microorganisms. Many other

researchers have tried to measure the activity of metal ions

against microorganisms. Some studies have reported that the

positive charge on the Ag+ ion is crucial for its antimicrobial

activity through the electrostatic attractions between the

negatively charged cell membrane of microorganisms and the

positively charged nanoparticles. In contrast, that the antimi-

crobial activity of AgNPs on Gram-negative bacteria was

dependent on the concentration of the Ag nanoparticles used

and was closely associated with the formation of pits in the

cell wall of bacteria. Following this, Ag nanoparticles accu-

mulate in the bacterial membrane and cause permeability,

resulting in cell death. And smaller particles having the larger

surface area available for interaction will give more bactericidal

effect than the larger particles43-45.

Conclusion

This study summarizes the impact of Senna saimea plant

seeds aqueous extract as a biological reducing and capping

agent for synthesis of silver nanoparticles. The reduction of

silver ion peak was measured at 440 nm by UV-visible analysis.

Biomolecules that capped on silver nanoparticles was identi-

fied as protein content of seed aqueous extract through FTIR

studies. Crystalline nature of the 70 nm spherical shaped

nanoparticles is evident from bright spots in the SAED pattern,

clear lattice fringes in the high-resolution TEM images and

peaks in the XRD pattern. Effective antioxidant studies against

to DPPH free radical was opened new vistas in this green

chemistry quest which will directly help to manufacture a novel

protein capped silver nanoantioxidant. Zeta potential studies

will give strong evidence that these silver nanoparticles have

high stability. Present investigation also suggests that the

biosynthesized silver nanoparticles are exerting in vitro toxic

effect on human bacterial pathogens. Looking into all these

aspects, it is reasonable to infer that the biosynthesis of sphe-

rical shaped silver nanoparticles hopefully might reach this

aim because they display novel properties. The biological

methods of synthesizing nanoparticles have proved to be one

of the best methods so far. This is due to its environment-

friendly nature and slower kinetics which offer better manipu-

lation and control over crystal growth and stabilization.
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