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Abstract The work deals with an environmentally benign process for the synthesis of silver

nanoparticle using Butea monosperma bark extract which is used both as a reducing as well as cap-

ping agent at room temperature. The reaction mixture turned brownish yellow after about 24 h and

an intense surface plasmon resonance (SPR) band at around 424 nm clearly indicates the formation

of silver nanoparticles. Fourier transform-Infrared (FT-IR) spectroscopy showed that the nanopar-

ticles were capped with compounds present in the plant extract. Formation of crystalline fcc silver

nanoparticles is analysed by XRD data and the SAED pattern obtained also confirms the crys-

talline behaviour of the Ag nanoparticles. The size and morphology of these nanoparticles were

studied using High Resolution Transmission Electron Microscopy (HRTEM) which showed that

the nanoparticles had an average dimension of �35 nm. A larger DLS data of �98 nm shows

the presence of the stabilizer on the nanoparticles surface. The bio-synthesized silver nanoparticles

revealed potent antibacterial activity against human bacteria of both Gram types. In addition these

biologically synthesized nanoparticles also proved to exhibit excellent cytotoxic effect on human

myeloid leukemia cell line, KG-1A with IC50 value of 11.47 lg/mL.
� 2015 King Saud University. Production and hosting 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

Nanomaterials especially the nano-scale noble metals attract a

lot of attention due to their remarkable difference in structural
medical
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and physical properties compared to those of atoms, molecules
and bulk materials of the same element [1]. In recent years,
development of this field gave rise to a new technology known

as ‘Nanotechnology’ that provides us with a technology and a
tool for investigation and its application to biological systems
at the nanoscale. Nanostructured materials exhibit various

aspects of interesting features viz, optical, catalytic etc. that
greatly depends on the size and shape of nanoparticles. Metal
nanoparticles have enormous utility in electrochemical,

electro-analytical and bio-electrochemical applications owing
to their extraordinary electro-catalytic activity [2]. Hence, nan-
otechnology is an emerging field in the area of interdisciplinary
research, having application in biology [3]. Conventional route

of nanoparticle synthesis by physical and chemical methods
are environmentally hazardous, technically laborious and
financially expensive. Many researchers have explored

different technological approaches for the synthesis of
nano-materials. Silver nanoparticles produced by chemical,
electrochemical, radiation, photochemical methods, Lang-

muir–Blodgett and biological techniques have also been
reported [4]. However, these reports on the synthesis of silver
nanoparticles use hazardous chemicals, have low material con-

versions, high energy requirements and consist of difficult and
elaborate purification steps. Researchers have since initiated
the synthesis of nanoparticles using green methods [5]. The
biological effectiveness of bio-nanoparticles synthesized using

green methods increases due to an increase in the surface area
and hence have greater catalytic activity [6]. The possibility of
using microbes and plant materials as nano-precursors has also

been studied [7]. Since then, various microorganisms and
plants have been utilised for the synthesis of nanomaterials.
Different types of nanomaterials like copper [8], zinc [8], tita-

nium [8], magnesium [9], gold [9], alginate [10] and silver
[11,12] etc. have been synthesized using the above. Silver exhi-
bits low toxicity in humans and has a range of diverse applica-

tions [13]. Currently, silver-based dressings are extensively
used to treat infections in open wounds and chronic ulcers
[14]. While various hypothesis persist regarding the mechanism
of antimicrobial or antibacterial activity of silver nanoparticles

in the cell membrane, the general perception is that the leakage
of intracellular substances due to rupture of the cell structure
eventually causes cell death [15]. Recently, Palza [16] have

reviewed the antimicrobial effect of metal nanoparticles on dif-
ferent polymers.

The surface plasmon resonance and large effective scatter-

ing cross section of individual silver nanoparticles make them
ideal candidates for molecular labeling where phenomena such
as surface enhanced Raman scattering (SERS) are exploited
[17]. In addition, silver nanoparticles play a significant role

in the field of biology and medicine due to its attractive physic-
ochemical properties. Silver nanoparticles are found to possess
anti-inflammatory, anti-viral, anti-angiogenesis and anti-

platelet activity and exhibits cytotoxicity against cancer cells
[18,19].

In vitro studies is an important tool to assess the mecha-

nisms of toxicity caused by nanomaterials. Researchers have
focused on the biogenic synthesis of silver nanoparticles using
Sesbania grandiflora (L.) and its use for the in vitro cytotoxic-

ity analysis of breast cancer cell lines (MCF-7) [20]. The effect
of colloidal silver on MCF7 human breast cancer cells has also
been observed [21]. The synthesis of Ag NPs using biological
system and evaluation of its potential toxicity and general
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mechanism of its action on MDA-MB-231 human breast can-
cer cells are reported [22]. Different cell types have been con-
sidered for cytotoxicity of Ag NPs, including NIH 3T3

fibroblast cells [23], HeLa cells [24] and human glioblastoma
cells [25]. It is also reported that Ag NPs, not only disrupts
normal cellular function but also affects the membrane integ-

rity, inducing various apoptotic signaling genes of the mam-
malian cells leading to programmed cell death [26]. The
mechanisms for Ag NPs induced toxicity is interrelated with

mitochondrial damage, oxidative stress, DNA damage and
induction of apoptosis [27]. Now a days’ leukemia has become
a life threatening hematological disorder characterized by
uncontrolled cell growth due to abnormal cellular metabolism.

Worldwide ever increasing death rate of patients suffering
from different types of leukemia and severe failure of conven-
tional and traditional chemotherapy has attracted the atten-

tion of many researchers for alternative management to
combat this disease. To date, numerous methods have been
employed for the synthesis of Ag NPs ranging from chemical

[28], radiation [29], electrochemical [30] and photochemical
methods [31]. Recently, biological synthesis of nanoparticles
in a sustainable mode finds extensive use in biomedical appli-

cations [32]. In a recent study, the cytotoxic activity of Melia
azedarach was showed against human lung adenocarcinoma
cell lines [33].

Toxic impact of traditional chemotherapeutics and drug

resistance property creates an urgent need for development of
alternative treatment for cancer. Leukemia, a type of cancer
of the white blood cells or bone marrow and is manifested by

an abnormal increase of immature white blood cells called
‘‘blasts”. Acute myelogenous leukemia (AML) is a fast growing
fatal form of leukemia responsible for production of non-

functional immature white blood cells which initiates in bone
marrow cells and quickly spreads into the blood system [34].
Extensive studies have been carried out to develop new agents

for the treatment of AML, however the combination of AraC
and anthracyclines is still considered as the most effective for
AML therapy. Silver nanoparticles have subsequently been
considered as one of the potential agent in bio-medical applica-

tions with high commercial interests [35]. However, the toxicity
of the said nanoparticles towards normal cells should be
overcome for its effective application in anti-cancer research.

Ag NPs developed from bio-reduction methods show minimal
toxicological impacts towards normal cells [36].

Different microorganisms like bacteria [37], fungi [38] and

yeast [39] have been used for the biosynthesis of silver
nanoparticles. The possibility of using plant materials for the
synthesis of nano-scale metals was first reported by Gardea-
Torresdey et al. [40,41]. Further, synthesis of silver nanoparti-

cles using extracts of various plants like Aloe vera [42], Cinna-
mon zeylanicum [43], Carica papaya [44], Desmodium triflorum
[45], Ocimum sanctum [46] are also reported. Sun-dried Cinna-

mon camphora leaf for the synthesis of nano-sized noble metals
Ag and Au at ambient conditions has also been demonstrated
previously [47]. So, the potential of plants as biological precur-

sor for the synthesis of nanoparticle is currently under exten-
sive study [48].

Here, we have chosen another unique plant Butea mono-

sperma as our biological material for nanoparticle synthesis.
It is widely available in the state of West Bengal, mainly in
Purulia district. We have extracted the bark of this plant and
used it as a reducing as well as capping agent for the synthesis
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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of silver nanoparticles. The present investigation deals with
B. monosperma bark extract mediated synthesis and character-
ization of silver nanoparticles as well as their biomedical appli-

cations Characterization and biomedical applications.

2. Materials and methods

All the chemicals used in the present study were of highest pur-
ity and were used as received. Silver nitrate (AgNO3), GR was
purchased from Merck (Mumbai, India), KBr from Sigma,

Nutrient agar from Hi Media. Triple distilled water was used
throughout for the synthesis. Barks of B. monosperma plant
were collected from Purulia district of West Bengal, India.

2.1. Preparation of B. monosperma bark extract

The collected bark of B. monosperma plant was first rinsed

thoroughly under tap water and then with triple distilled water
to remove all impurities. This was then air dried and thor-
oughly grinded to form a uniform mixture, which was used
throughout the study. About 0.29 g of this mixture was soaked

in triple distilled water taken in a 100 mL beaker to obtain
�1.2% (w/v) concentrated extract. Filtration was done after
24 h with the help of Whatman filter paper no. 42 and a bright

orange coloured extract was finally obtained. This was stored
in a refrigerator for further use.

2.2. Synthesis of silver nanoparticles (Ag NPs)

For the biosynthesis of silver nanoparticles, 1 mL of bark
extract was mixed with 6 mL of 1 mM AgNO3 solution at

room temperature and was kept in dark for 24 h. After the
stipulated time, a brown–yellow colour solution was obtained.
The colour of the solution, due to the formation of Ag NPs
was confirmed by UV–Vis studies. The purification of Ag

NPs was done after centrifugation and repeated washings
and the concentrated slurry was collected after discarding the
supernatant. The collected silver nanoparticles were allowed

to air dry.

2.3. Characterization of silver nanoparticles (Ag NPs)

The formation of silver nanoparticles was confirmed by the
presence of typical SPR band in the UV–Vis spectrum. To
examine the stability of the biosynthesized silver nanoparticles,

the brown–yellow solution was kept in the refrigerator and the
spectra recorded after different time intervals. The spectra were
recorded on double beam spectrophotometer (Perkin Elmer
Lambda 25) in the range 200–800 nm at a resolution of 1 nm.

The morphology of Ag NPs was examined with the help of
HR Transmission Electron Microscopy (HRTEM) equipped
with X-ray energy dispersive spectrometer (EDX). A small

drop of dispersed Ag NP solution was cast over a 300 mesh
carbon coated copper grid and then left for air drying.
HRTEM and Selected Area Electron Diffraction (SAED)

images were taken on JEOL JEM 2100 operated at an acceler-
ating voltage of 200 kV.

Dynamic Light Scattering (DLS)measurements were carried
out to measure the size of a nanoparticle including their sur-

roundings. The average hydrodynamic diameter was measured
by a Zetasizer Nano-ZS90 analyser System (Malvern Inc.).
Please cite this article in press as: S. Pattanayak et al. Butea monosperma bark extract m
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The purified, dried, solid silver nanoparticles powder was
subjected to Fourier transform-Infrared (FT-IR) spectroscopic
measurement. These measurements were carried out on a

Perkin Elmer spectrum one instrument in the diffuse
reflectance mode at a resolution of 4 cm�1 using KBr pellets.
The finely powdered dried bark sample was mixed with KBr

to obtain it in the pelletized form. The pellets were subjected
to FT-IR spectroscopic measurement.

The crystallinity pattern of the synthesized Ag NPs was

confirmed by X-Ray Diffraction (XRD) measurements. It
was carried out on a PANalytical: XPERT-PRO equipment
using step scan technique and was scanned in the range
30–120 (2h) degrees.

2.4. Antibacterial activity of Ag NPs

It has been reported that freshly synthesized silver nanoparti-

cles have better antimicrobial properties [49]. The antibacterial
activity of freshly synthesized bark extract mediated Ag NPs
was assessed against both Gram positive (Bacillus subtilis)

and Gram negative (Escherichia coli) bacteria by agar diffusion
method as illustrated earlier [50]. The bacterial cultures were
grown in Nutrient agar (NA) medium that contained peptone

(1%), beef extract (1%) and NaCl (1%) with pH 6.8. Sterile
Nutrient agar petri plates were prepared and 0.1 mL of the
overnight grown bacterial culture was spread on the solidified
agar plates evenly with the help of a glass spreader. After

allowing sufficient time for adsorption of the bacterial cells,
wells were made on the solidified agar using a cork borer of
suitable diameter so that three wells can be made on a plate.

Centrifuged and thoroughly washed silver nanoparticles were
added into the wells. 50 ll of each compound of concentration
100 lg/mL was poured into each well using a micropipette.

Both triple distilled water and the extract (same concentration
as used in synthesis) were used here as control. The plates were
incubated at 37 �C for 24 h. On the next day the diameter of

zones of inhibition were measured and recorded. For each
zone at least three readings were taken.

2.5. Anti cancerous activity of silver nanoparticles

2.5.1. Culture media and chemicals

3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bro-

mide (MTT reagent), Ethidium bromide, Acridine Orange,
40,6-diamidino-2-phenylindole dihydrochloride (DAPI) were
procured from Sigma (St. Louis, MO, USA). Minimum Essen-

tial Medium (MEM), RPMI 1640, fetal bovine serum (FBS),
penicillin, streptomycin, sodium chloride (NaCl), sodium car-
bonate (Na2CO3), sucrose, Hanks balanced salt solution, and

ethylene diamine tetra acetate (EDTA), dimethyl sulfoxide
(DMSO) were purchased from Himedia, India. Tris-HCl, Tris
buffer, KH2PO4, K2HPO4, HCl, alcohol and other chemicals
were procured from Merck Ltd., Mumbai, India. All other

chemicals of the highest purity grade were purchased from
Merck Ltd., SRL Pvt. Ltd., Mumbai.

2.5.2. Cell lines culture and maintenance

KG-1A cell line was cultivated for in vitro experiments. This
cell line was obtained from the National Centre for Cell
Sciences, Pune, India. It was cultured in RPMI 1640 medium

supplemented with 10% fetal calf serum, 100 units/mL
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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penicillin and 100 lg/mL streptomycin, 4 mM L-glutamine
under 5% CO2, and 95% humidified atmosphere at 37 �C.
Cells were cultured and maintained in logarithmic growth

phase until the number of cells reached 1.0 � 106 cells/mL.

2.5.3. Preparation of drug

Several doses of Ag NPs (1, 5, 10, 25, 50 and 100 lg/mL) were

prepared using sterile phosphate-buffered saline (pH 7.4).
After dispersion it was scanned in UV–Vis spectrophotometer
(Fig. S1) and a High Resolution Transmission Electron Micro-

scopic (HRTEM) image (Fig. S2) was taken. From these
results, it was proved that the Ag NPs were stable at pH 7.4.
A 10 mg/mL stock of Ag NPs was prepared by dissolving

10 mg of Ag NPs in PBS and sonicated for 15 min. It was then
serially diluted with RPMI media to prepare working concen-
trations. In this study, all these doses were charged against

cancer cell lines for evaluation of in vitro anticancer activity.

2.5.4. Experimental design

KG-1A cells were treated with different concentration of Ag

NPs (1, 5, 10, 25, 50 and 100 lg/mL) for 24 h. The KG-1A cells
were divided into 6 groups. Each group contained 6 pet-
ridishes. In every set of treatment, cell numbers were main-

tained to 2 � 106 cells/petridish. The following groups were
considered for the experiment and cultured for 24 h:

Group I: control i.e., cells + culture media, Group II:
cells + 1 lg/mL Ag NPs in culture media, Group III:

cells + 5 lg/mL Ag NPs in culture media, Group IV: cells
+ 10 lg/mL Ag NPs in culture media, Group V: cells + 25
lg/mL Ag NPs in culture media, Group VI: cells + 50 lg/mL

Ag NPs in culture media. Group VI: cells + 100 lg/mL Ag
NPs in culture media.

After 24 h of treatment the cells were collected from the pet-

ridishes separately and centrifuged at 2200 RPM for 10 min at
4 �C to separate the cells and the supernatant medium [51].
The cells were then washed twice with 1� PBS (50 mM), pH
7.4. Intact cells were used for determination of cell viability,

ROS and different microscopic observations.

2.5.5. In vitro cytotoxicity assay

The cytotoxicity of silver nanoparticles was quantitatively
measured by a non-radioactive, colorimetric assay systems
using tetrazolium salt, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphe
nil-tetrazolium bromide (MTT) [51]. Briefly, 5 mg/mL MTT

solution was prepared by dissolving MTT in phosphate-
buffered saline and filtered to remove the small amount of
insoluble residue present in some batches. Then MTT solution

was added directly to all microtitre plate wells (10 lL per
100 lL medium) containing cells (1 � 105/well) and complete
growth medium, with or without the nano particle. It was then

incubated for 4 h at 37 �C to metabolize the MTT to formazan.
Subsequently, the supernatant was aspirated and 100 lL of
HCl-isopropanolic solution (1:1) was added to each culture

plate and mixed thoroughly to dissolve the dark blue formazan
crystals. The optical density (OD) of the samples was mea-
sured on ELISA reader (BIO-RAD, Model 550, Tokyo,
Japan) using test and reference wavelengths of 570 and

630 nm, respectively. The percentage of proliferation was cal-
culated by using the following equation:

% Proliferation ¼ ½ODsample �ODcontrol� � 100=ODcontrol
Please cite this article in press as: S. Pattanayak et al. Butea monosperma bark extract m
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2.5.6. Calculation of IC50 value

The concentration required for 50% inhibition of viability

(IC50) was determined graphically. Multiple linear regressions
were used to compare data using Statistica version 5.0
(Statsoft, India) software package.

2.5.7. Intracellular ROS measurement

ROS measurement was performed using H2DCFDA accord-
ing to the standard method [52]. In brief, KG-1A cell lines

were treated with Ag NPs at 11.47 lg/mL for 24 h. After treat-
ment schedule cells were washed with culture media followed
by incubation with 1 lg/mL H2DCFDA for 30 min at 37 �C.
Then the cells were washed three times with fresh culture
media. DCF fluorescence was determined at 485 nm excitation
and 520 nm emission using a Hitachi F-7000 Fluorescence

Spectrophotometer and was also observed by fluorescence
microscopy (NIKON ECLIPSE LV100POL). All measure-
ments were done in triplicate.

2.5.8. Pre-treatment with N-acetyl-L-cysteine

To determine the role of ROS in NP-induced cell death, KG-
1A cells were seeded in a 96-well plate at 0.2 mL per well at a

concentration of 2 � 106 cells/mL. A stock solution of
N-acetyl-L-cysteine (NAC;Sigma–Aldrich) was made with ster-
ile water and added to cells at 5 and 10 mM for 4 h [52]. After
NAC pretreatment, cells were cultured with Ag NPs for 24 h.

Viability was determined by the MTT method.

2.5.9. Cellular morphology analysis by Acridine orange (AO)–

ethidium bromide (EtBr) double staining

To confirm the probable pathway of cell death we analyzed the
cells by AO – EtBr double staining method. A number of
2 � 104 KG-1A cells were seeded into each well of a 6-well

plate and incubated for 24 h at 37 �C in a humidified, 5%
CO2 atmosphere. Ag NPs at 11.47 lg/mL dose was then added
into the well and left for 24 h. After incubation, the cells were

washed once with phosphate buffer saline (PBS). Ten microli-
tres of the cells were then put on a glass slide and mixed with
10 ll of acridine orange (50 lg/mL) and ethidium bromide

(50 lg/mL). The cells were viewed under a fluorescence
microscope (NIKON ECLIPSE LV100POL) with 400�
magnification [53].

2.5.10. Assessment of nuclear morphological changes by DAPI
staining

The DAPI staining was performed according to the laboratory

standard method [54]. For DAPI staining, all the test cells were
seeded into six well plates. A number of 2 � 105 cells/mL were
treated with or without Ag NPs (0 and 11.47 lg/mL) for 24 h
and were then isolated for DAPI staining. After treatment, the

cells were fixed with 2.5% glutaraldehyde for 15 min, perme-
abilized with 0.1% Triton X-100 and stained with 1 mg/mL
DAPI for 5 min at 37 �C. The cells were then washed with

PBS and examined by fluorescence microscopy (NIKON
ECLIPSE LV100POL).

2.5.11. Statistical analysis

All the parameters were repeated at least three times. The data
were expressed as mean ± SEM, n = 06. Comparisons
between the means of control and treated group were made
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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by one-way ANOVA test (using a statistical package, Origin
6.1, Northampton, MA 01060 USA) with multiple comparison
t tests, p < 0.05 as a limit of significance.

3. Results and discussions

3.1. Ultraviolet–Visible (UV–Vis) spectroscopic analysis

Brownish yellow coloured solution of silver nanoparticles was

obtained from colourless AgNO3 solution and the NP forma-
tion was established through UV–Visible spectrophotometry.
The appearance of the colour was due to the excitation of

the surface plasmon vibrations, typical of Ag NPs having kmax

values which are reported in the visible range of 400–450 nm
[55]. The UV–Vis spectrum of the samples are shown in

Fig. 1 where the spectra of the stabilized Ag NPs and the
extract are denoted by ‘a’ and ‘b’ respectively. The colour of
the two solutions could be easily distinguished from the inset
picture. The peak at 279 nm in both the spectra in Fig. 1 con-

firmed the presence of amino acid residues [56,57]. The amino
acid residues present in the extract presumably play a vital role
for reduction as well as stabilization of nanoparticles [58].

Spectrum ‘a’ in Fig. 1 clearly exhibits the SPR band of silver
nanoparticles at 424 nm and the peak at 279 nm is also present,
indicating the presence of the amino acid residues in the syn-

thesized Ag NPs.

3.2. Analysis of stability of nanoparticles

The stability of synthesized nanoparticles is strictly dependent
on the degree of aggregation, which can be monitored by the
change in the SPR band. Silver nanoparticles prepared in this
way were quite stable without any reasonable aggregation.

Fig. S3 depicts this observation quite satisfactorily. In this fig-
ure, the spectra ‘a’ and ‘b’ indicated the SPR band of extract
mediated silver nanoparticles solution just after synthesis and
Figure 1 UV–Vis spectra of (a) Butea monosperma bark extract

reduced silver nanoparticles (b) Butea monosperma bark extract

solution. The figure in the inset shows the color of (a) synthesized

silver nanoparticles (b) Butea monosperma bark extract solution.
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after 60 days. The solution containing the nanoparticles was
quite stable even after two months though the SPR absorbance
peak position has been slightly red shifted (Fig. S3b). This

slight decrease in intensity as well as shift in wavelength
amongst spectra ‘a’ and ‘b’ was probably due to some aggrega-
tion of nanoparticles [59,60]. Analysing these spectroscopic

results we can suggest that the Ag NPs are quite stable at room
temperature and does not exhibit any considerable
aggregation.

3.3. High Resolution Transmission Electron Microscopy

(HRTEM) study

The size and shape of the nanoparticles formed using the bio-
molecules available in the extract of B. monosperma bark was
studied using the High Resolution Transmission Electron
Microscopy (HRTEM) technique. Fig. 2a depicts the HRTEM

image of biosynthesized silver nanoparticles showing the lat-
tice fringes quite clearly. The nearly spherical shaped particles
with smooth edges are also quite distinct from this image.

From Fig. 2b and c, it is shown that most of the particles
are nearly spherical in shape and the size of the particles range
between 18 nm and 50 nm with an average size of �35 nm.

There are a few traces of Ag NPs clusters which may con-
tribute for the variation in particle size. On close observation,
we can clearly see that the clusters have been formed when the
individual particles have clustered together. The calculation of

the size of these nanoparticles was done based on the size
obtained from the HRTEM images. The SAED pattern of
the synthesized particles is also given in the inset of Fig. 2c,

which clearly depicts that the Ag NPs are crystalline in nature.
The energy dispersive X-ray analysis (EDX) shown in

Fig. 2d revealed a strong signal of silver and again confirmed

the formation of Ag NPs. Metallic silver nanocrystals gener-
ally show typical optical absorption peak at �3 keV which is
typical for the absorption of metallic silver [61]. Peaks of car-

bon and copper were also obtained due to the carbon coated
copper grid.

3.4. Dynamic Light Scattering (DLS) study

The average diameter of bark extract mediated Ag NPs was
measured using DLS. Fig. S4 showed the average particles size
distribution of Ag NPs having a mean particle size of

�98.28 nm. The difference between the diameter values
obtained from HRTEM and DLS measurement was mainly
due to the process involved in the sample preparation. The

particle size determined by HRTEM represents the actual
diameter of the nanoparticles as it was measured at the dry
state of the sample, whereas by the laser light scattering

(DLS) method the hydrodynamic diameter (hydrated state)
of nanoparticles were obtained; therefore, the nanoparticles
will have a larger hydrodynamic volume due to solvent effects
in the hydrated state [62].

3.5. Fourier transform-Infrared (FT-IR) spectroscopic analysis

To characterize and identify the biomolecules that were bound

specifically on the synthesized Ag NPs, FT-IR spectroscopic
analysis was utilized. The spectrum obtained for B. mono-
sperma bark extract (Fig. 3a) displayed a number of peaks
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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Figure 2 (a) HRTEM image of a single silver nanoparticle with lattice fringes, (b) HRTEM micrograph images of spherical silver

nanoparticles at different grid location, (c) HRTEM micrograph images of spherical silver nanoparticles at different grid location along

with SAED pattern in inset (d) EDX spectrum of Ag NP from HRTEM.
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reflecting its complex nature. The peak at 3456 cm�1 resulted

from stretching vibrations of the ANH bond of the peptide
linkages. The peaks at 2947 and 2896 cm�1 is assigned to the
stretching vibrations of the ACH2 and ACH3 functional

groups. The peak at 1758 cm�1 indicates the presence of car-
bonyl (C‚O) originating from carboxylic acid group. The
interesting thing was that the 1758 cm�1 peak was absent in

the spectra recorded for the extract stabilized Ag NPs (Fig 3a).
So, we presume that the absence of the peak is attributed to the
fact that the carboxylic acid group is absent in the nanoparticle
and hence, plays a role in the reduction of Ag+ to Ag0. The

band found at 1642 cm�1 for the extract is assigned to the
amide I group of proteins present in the amino acid residues
in the plant extract. However, after capping of the silver

nanoparticles the band appears at 1608 cm�1 which gives evi-
dence of the fact that the protein residues present in the extract
play a part in the stabilization of Ag NPs. In the case of extract

stabilized nanoparticles, the peak at 3456 is shifted to
3420 cm�1, bands from 1467 to 1442 cm�1 and 1398–
1380 cm�1 implying the binding of silver metal with hydroxyl

and carboxylate groups of the protein residues. The spectra
also illustrated a prominent shift in the wavenumbers corre-
sponding to amide I group of proteins, (from 1642 to
1608 cm�1) signifying that the groups actively participate in

the stabilization process of the nanoparticles. The results
obtained above are similar to previous reports [63,64]. Shifting
of alkyl CAH bands from 2947 to 2930 cm�1 and from 2896 to
Please cite this article in press as: S. Pattanayak et al. Butea monosperma bark extract m
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2843 cm�1 also confirmed the plausible interaction between

plant extract bio compounds and Ag NPs. The peaks at
1336 and 1083 cm�1 in the extract confirmed the presence of
tryptophan indole ring [65]. Shifting of these peaks and

decreasing band intensity revealed the fact that tryptophan
residues of the protein also play a role in the reduction and
stabilization of Ag NPs. The reasonable shifts in the peak posi-

tions indicate that the different phytochemicals present in the
B. monosperma bark extract are present in the extract stabi-
lized nanoparticles.
3.6. X-ray diffraction (XRD) study

X-ray diffraction was carried out to confirm the crystalline
nature of the silver nanoparticles formed. Fig. 3b shows the

XRD pattern of the Ag NPs which had a number of Bragg
reflections that may be indexed on the basis of face-centred
cubic structure of silver. A comparison of the XRD spectrum

with the standard data confirmed that the silver metal formed
in our experiments were in the form of fcc crystalline lattice as
evidenced by the peaks at 2h values of 38.44�, 44.57�, 64.78�,
77.64�, 81.80�, 110.87� and 115.07� representing the (1 1 1),
(2 0 0), (2 2 0), (3 1 1), (2 2 2), (3 3 1) and (4 2 0) Bragg’s
reflections of the face-centred cubic structure of silver
and these planes correspond to the standard JCPDS file

no. 04-0783.
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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Figure 3 (a) FTIR spectra of Butea monosperma bark extract and extract stabilized Ag NP, (b) XRD pattern of silver nanoparticles

synthesized from barks of B. monosperma.
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3.7. Antibacterial activity of synthesized silver nanoparticles

The antibacterial activity of Ag NPs, AgNO3, B. monosperma

bark extract and triple distilled water as control were assessed
and the results have been represented in Table S1. Ag NPs
(50 lL at a concentration of 100 lg/mL) had shown zone of

inhibition of diameter of about 17 mm for E. coli and 16 mm
zone diameter for B. subtilis as shown in Table S1 and in
Figs. S5 andS6. B. monosperma bark extract and triple distilled

water used as control in this experiment and did not show any
zone of inhibition. The zone diameters observed with AgNO3

solution, used for the nanoparticles synthesis, was more when
compared to Ag NP. From this comparative study it can be

concluded that silver nanoparticles synthesized from the
extract had good antibacterial activity. The smaller concentra-
tion (nanorange) of Ag NPs is much safer on cells compared to

conventional AgNO3 solution and is hence more applicable for
usable purposes [5]. In this context, it is to be mentioned that
though AgNO3 gives larger zones of inhibition a high concen-

tration of Ag is harmful for both the consumer and the
microbes. Thus, we can say that the Ag NPs prepared have
good antibacterial activity and can be used as potent therapeu-
tic agents at much smaller concentrations compared to conven-

tional AgNO3 solution. It has also been reported that the
changes observed in the membrane structure of bacterial cell
wall due to the action of Ag NPs is caused by the interaction

of embedded silver nanoparticles resulting in increased mem-
brane permeability and consequently, death of the bacteria
[66]. In conclusion, B. monosperma bark extract is capable

for the green and eco-friendly synthesis of Ag nanoparticles
which can be used as a potential entrant species having
antibacterial applications.

3.8. In vitro cell viability assay

The anticancer activity of the Ag NPs was measured towards
KG-1A cell lines in vitro side by side toxic effects of the particles

was tested on human PBMCs. KG-1A cells and PBMCs were
Please cite this article in press as: S. Pattanayak et al. Butea monosperma bark extract m
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exposed to different concentrations (0, 1, 5, 10, 25, 50 and
100 lg/mL) of Ag NPs for 24 h and the cell viability was mea-
sured using MTT assay (Fig. 4a). The results show that, the

Ag NPs decreased the viability of KG-1A by 12.69%, 38.59%,
61.59%, 84.07%, 89.45% and 97.53% at 1, 5, 10, 25, 50 and
100 lg/mL doses respectively. In the same line of treatment it
decreases the viability of PBMCs by 2.66%, 21.53%, 53.55%,

54.60%, 62.39% and 70.053% respectively. The IC50 value of
AgNPs againstKG-1A andPBMCswere determined using Sta-
tistica version 5.0 (Statsoft, India) software package. From this

statistical calculation it was found that in KG-1A cells the IC50

value of Ag NPs was 11.47 lg/mL and 43.18 lg/mL in case of
human PBMCs. As the significantly lower IC50 value was noted

for leukemic cells, hence the further experiments were carried
out using this dose only.

3.9. Cellular ROS level

The potentiality of Ag NPs to induce oxidative stress was
assessed by measuring the intracellular ROS level. KG-1A cells
exposed to Ag NPs for 24 h showed increased ROS formation

as evidenced by increased DCF fluorescence intensity. Fig. 4b
shows that the Ag NPs significantly (p< 0.05) induced the
intracellular ROS production in KG-1A cells. It was found

from our study that ROS generation level was increased by
4.203 fold in KG-1A cells at the effective dose (IC50). From
fluorescence microscopic images the higher green colouration

in KG-1A cells treated with Ag NPs provides the visual evi-
dence of higher ROS generation (Fig. 4d) compared to
untreated cells (Fig. 4c).

Earlier reports showed that Ag NPs elevates the formation

of intracellular ROS and reduction in ATP content. ROS are
considered as molecules or ions containing unpaired electrons
and being a free radical it is highly active and shows important

role in cell signalling, leading to oxidative cell damage [25]. In
normal cell, cellular glutathione effectively scavenges ROS,
produces in minimal amounts during metabolic process and

thereby maintain cellular normal behaviour. In the present
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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Figure 4 (a) In vitro cell proliferation assay of Ag NPs treated KG-1A cells. Values are expressed as mean ± SEM of three experiments;
* indicates significant difference (p< 0.05) compared to the control group. (b) Measurement of ROS level in Ag NPs treated KG-1A cells.

DCF fluorescence intensity was expressed in term of ROS production. Values are expressed fold change as compare with untreated cells; *

indicates significant difference (p< 0.05) compared to the control group. Intensity of control cells were set to 1. Qualitative

characterization of reactive oxygen species formation by DCFH2-DA staining using fluorescence microscopy. (c) Untreated KG-1A cells.

(d) KG-1A cells treated with 11.47 lg/mL Ag NPs.
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study, elevated levels of ROS due to Ag NPs exposure, may
lead to the failure of cellular anti oxidant defence system in

KG-1A cells and thereby severe oxidative attack. Not only
that, involvement of ROS can be considered as effective contri-
bution of apoptosis underlying the etiology of cell death [20].

3.10. Role of NAC in Ag NPs mediated cytotoxicity

This experiment was performed to determine the potential role
of ROS in cancer cell death induced by Ag NPs. Fig. S7 shows

that pre treatment with 10 mM NAC significantly prevented
the NP induced cytotoxicity and the cell viability was restored
>90%. Studies showed that elevated levels of ROS stimulate

the release of different pro-inflammatory markers, especially
TNF-a [67]. This TNF-a intern activates NF-jB and c-Jun
N-terminal kinase (c-Jun NH2-terminal kinase, JNK), which

ultimately manifest cell death by activating apoptotic and
necrotic pathways [68,33]. The result obtained from the
Please cite this article in press as: S. Pattanayak et al. Butea monosperma bark extract m
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experiment clearly suggested that ROS generation played a
crucial role in Ag NP-induced cytotoxicity in KG-1A cells

(Fig. 4b).

3.11. Cellular morphology analysis by Acridine orange
(AO)–ethidium bromide (EtBr) double staining

Acridine orange (AO)–ethidium bromide (EtBr) double stain-
ing is one of the useful technique for measurement of the cel-
lular morphology during cell death by apoptosis or necrosis.

Fig. 5(a) and (b) show the results obtained from AO – EtBr
double staining of KG-1A cells after Ag NPs treatment. This
staining helps to visualize several distinct characteristics of

viable, early apoptotic, late apoptotic and necrotic or dead
cells. The viable cells which have intact DNA and nuclei have
a round and green nucleus while early apoptotic cells have

fragmented DNA, which appears as several green-colored
nuclei. In late apoptotic and necrotic cell, the DNA is
ediated green synthesis of silver nanoparticles:Characterization and biomedical
.jscs.2015.11.004
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Figure 5 Morphology study of KG-1A cells treated with Ag NPs. After the treatment with nanoparticles, cells were stained with AO–

EtBr and visualized under fluorescence microscope. Here, (a) untreated KG-1A cells, (b) KG-1A cells treated with Ag NPs. Qualitative

characterization nuclear morphology by DAPI staining using fluorescence microscopy. After the treatment schedule with Ag NPs KG-1A

cells were incubated with DAPI. At the end of DAPI exposure, cells were washed with PBS and they were visualized by fluorescence

microscopy at excitation 330–380 nm and emission 430–460 nm. Here, (c) KG-1A control, (d) KG-1A cells treated with AG NPs.
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fragmented and stained orange and red respectively [33]. From
the fluorescence images, it is clear that Ag NPs showed signif-
icant apoptotic effects against KG-1A cells. Most of the cells
showed typical characteristics of apoptosis, like plasma mem-

brane blebbing and formation of apoptotic bodies. Maximum
population of KG-1A cells were in late apoptotic phase after
Ag NPs exposure. A minimum number of cells are stained

red. These results indicate that most of the cells are not
undergoing necrosis and cell death occurs primarily through
apoptosis [35].

3.12. Detection of chromosome condensation by DAPI staining

Typical characteristics of chromatin condensation as bench-

mark event of apoptosis were also examined by DAPI staining
(Fig. 5c and d). When KG-1A cells were treated with selected
dose of Ag NPs for 24 h, chromatin condensation and
fragmentation was observed in the treated group. Chromatin

condensation/fragmentation in KG-1A cells suggest that Ag
NPs causes cell death by induction of apoptotic process and
the particles deserved potential genotoxic effects.

4. Conclusions

The present study established the bio-reductive synthesis

of nano-sized Ag particles using simple water extract of
Please cite this article in press as: S. Pattanayak et al. Butea monosperma bark extract m
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B. monosperma bark. This easily available natural ingredient
formed spherical Ag nanoparticles. Water-soluble organics
present in the plant material were primarily liable for the
reduction as well as stabilization of Ag ions to nano-sized

metallic Ag particles, as confirmed by FTIR spectroscopic
study. Size and shape of nano-level particles was studied using
HRTEM and DLS measurements. XRD pattern confirmed the

face-centred cubic lattice structure of the silver nanocrystals.
The synthesized nanoparticles showed very efficient bacterici-
dal effect against both type of Gram-stained bacteria. The sil-

ver nanoparticles prepared in this way also showed reasonable
anticancerous activity. All these results demonstrate that the
bio-ingredients present in the plant extract was effective for

the synthesis of Ag nanoparticles with antibacterial and anti-
cancerous activity. The results revealed the potent anticancer
activity of Ag NPs against the KG-1A cell line. Elevation of
ROS in Ag NP-exposed KG-1A cells suggests the possible

contribution of apoptosis in the etiology of cell death. The
AO – EtBr double staining also confirms the involvement of
apoptosis rather than necrosis. These Ag NPs have great

promise as anticancer agents. However, in vivo study is
necessary to enlighten the effect of Ag NPs in system level.
The application of Ag NPs based on these findings may lead

to valuable discoveries in anticancer drug. Thus, these extract
stabilized nanoparticles can be a potential candidate having
various biomedical applications.
ediated green synthesis of silver nanoparticles:Characterization and biomedical
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