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ABSTRACT

Biogenic nanoparticles have received massive attention due to its increased application
for production of nano medicine which had proven to be of intense value in the field of biomedicine.
The present study was aimed to compare cytotoxicity of biosynthesized silver nanoparticles with
chemically synthesized silver nanoparticles.The cytotoxic properties of both AgNPs were
demonstrated in vitro by assessing the cell morphology, cell proliferation and DNA fragmentation
usinghuman leukemia K562 cell line. The results from performed assays showed that biosynthesized
AgNPs has significant concentration dependent cytotoxic effect with a varied degree of alteration
in morphology and cell proliferation on K562 cell line similar to chemically synthesized silver
nanoparticles.Also, induction of apoptosis was checked by cellular DNA fragmentation which
showed that the biogenic as well as chemically synthesized AgNPs treated cells exhibited extensive
double strand breakage with concentration dependent manner.In summary the present findings
clearly indicated that biogenic AgNPs showed decreased cell viability and inhibits cell proliferation
with effective cytotoxicity and antiproliferative activity.
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INTRODUCTION

An increasing application of
nanomaterials is for production of nanomedicine
had confirmed to be of deep importance in the field
of biomedicine. Silver has long been recognized
as one of the nanoparticles having importance in
medical and industrial processes. Silver
nanoparticles (AgNPs) are among the emerging
nanoproducts reported to have many uses in variant
fields of catalysis, photonics, biosensing and
diagnostics(1). AgNPs have also gained interest in
the field of nanonedicine due to their unique
properties such as antibacterial (2), antifungal (3), anti-
parasitic(4); antioxidant(5)and apparent therapeutic
potential in treating a variety of diseasessuch as
diabetes, AIDS, cancer etc. in the future(6-8). So far,
several methods have been developed for the

synthesis of AgNPs ranging from chemical (9),

electrochemical(10) and photochemical methods (11).
Very recently, biological synthesis of nanoparticles
is in application for its ecofriendly mode of synthesis
with promising biomedical applications.The
biological or green synthesis has received complete
attention in the area of nanotechnology research
because nanoparticle synthesis by using living
organism, cellular extracts and plant based
products, bacteria and fungi could be as simple,
viable and non-toxic forms compared to other
methods of synthesis(12). Biological techniques are
less toxic and cost effective in the synthesis of
nanoparticles where plant extracts are used as
reducing and capping agent. Earlier synthesis of
silver nanoparticles using different medicinal plants
for pharmaceutical and biological applications have
been reported (13-14).
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The use of nanoparticles for biomedical
applications, such as drug delivery, biosensors, and
diagnostic tools, has been extensively studied
throughout the past decade. However, little is known
about the health risks and toxicity of these
nanomaterials. Due to the unintended adverse
effect of chemically synthesized biogenic
nanoparticles is an emerging and growing concern
both academically and socially. With this evidence,
here we investigated the comparison of cytotoxicity
effects of both biosynthesized and chemically
synthesizedf AgNPs. We studied effect of both the
AgNPs effect oncytotoxicityon human leukemia cell
line, K562 in vitro. The plant extract derived
nanoparticles exhibited strong cytotoxic effects
against selected leukemia cells along with
chemically synthesized nanoparticles, which
suggest that biologically synthesized silver
nanoparticles could be the most promising
candidates as biomedicines for treatment of
diseases.

MATERIALS AND METHODS

Preparation of aqueous extract for synthesis of
silver nanoparticles

To prepare aqueous extract, 10 gms
powder of  medicinal plant Nathophodytes foetida
leaves was mixed with 100 mL of double distilled
water in a 250 mL capacity Erlenmeyer flask. The
mixture was boiled at 800C for 30 minutes. After
cooling, the aqueous extract was filtered through a
series of Whatman filters and finally passed through
a 0.22µm filter and stored at 40C for further
experiments.

Biosynthesis and purification of silver
nanoparticles

Aqueous solutions of 1 milli molar (mM)
silver nitrate (AgNO3) prepared and used for the
synthesis of silver nanoparticles. The preparation
of silver nanoparticles was carried out by adding
10 ml of plant extract to 90 ml of 1mM AgNO3
solution for reduction of Ag ions. The preparation
was incubated at room temperature in dark. The
reaction for synthesis of plant Ag-NPs was observed
to 24 hours (h). Preliminary characterization of
biosynthesized AgNPs was carried out using UV-
Visible spectroscopy. The reduction of pure Ag ions
was monitored by measuring UV visible spectrum

of the reaction mixture at a wavelength of 300–700
nm for AgNPs by sampling the aliquots withdrawn
from reaction mixture at different time intervals. The
AgNPs were further purified by frequent
centrifugation at 10,000 rpm for 30 minutes, washed
with double-distilled water followed by redispersion
of the pellet in deionized water for further
experiments. Chemically synthesized silver
nanoparticles (<100 nm particle size)were
purchased from Sigma Aldrich.

Cell Line &Cell Culture
To investigate the in vitro inhibitory effects

of the Ag-NPs & NFAgNPs, human leukemia cell
line  i.e., K562 cell lines were obtained from National
Centre for Cell Sciences, Pune, India. The cells were
maintained in T-25 flasks containing RPMI1640
liquid medium supplemented with 10% heat
inactivated Fetal Bovine Serum (FBS), Penicillin-
Streptomycin at 100 U/mL / 100ìg/mL respectively
and maineained under an atmosphere of 5 % CO2,
95% humidity and 370C.

Effect on cell morphology
In a six-well culture plate, K562 cells were

seeded at 1x105 cells/ well and incubated for 24hrs
at 370C in 5 % CO2. Later, the cells were treated
with different concentrations (1, 2.5, 5, 7.5, 10, 15,
20, 25, 30 µg/mL) of AgNPs,NFAgNPs in RPMI1640
medium without FBS and further incubated for 48
h. The cytomorphology of the cells then examined
in an inverted phase-contrast microscope
(Primovert Carl Zeiss microscope).

In vitro assay for cytotoxicity activity (MTT assay)
In vitro inhibitory effects of the

biosynthesized and chemically synthesized AgNPs
on human leukemia cell line was determined by
the MTT colorimetric assay and vital dye exclusion/
Trypan blue assay. The cells were maintained in
RPMI16 40 medium supplemented with 10µg FBS,
Penicillin-Streptomycin at 100 U/mL / 100µg/mL in
a humidified atmosphere of 5% CO2 at 37°C. Ten
thousand cells in 200 µl of RPMI1640 medium per
well were seeded in a 96 well plate and incubated
at 37°C, 5% CO2. After 24 hrs incubation the
confluent cells were exposed to respective
treatment of nanoprticles at different concentrations
((1, 2.5, 5, 7.5, 10, 15, 20, 25, 30 µg/mL) in
RPMI1640 medium without FBS and incubated for
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Table 1: Cytotoxic activity of (A) biogenic (NFAgNPs) and (B) chemically synthesized AgNPs
against K562 cell line proliferation, determined by MTT assay. All the data were expressed in

Mean ± SEM of three independent experiments

(A) Absorbance Percentage (B) Absorbance Percentage
Concentration  @ 560nm (%) Inhibition Concentration  @ 560nm (%)  Inhibition
of NFAgNPs Mean ± SEM Mean ± SEM  of AgNPs Mean ±SEM Mean ± SEM
(µg/ml) (µg/ml)

Control 1.94 ± 0.31 0.00 ± 0.00 Control 1.160 ± 0.038 0.00 ± 0.00
1.0 1.676  ± 0.25 13.57 ± 0.71 1.0 1.05 ± 0.0382 9.87 ± 0.31
2.5 1.58 ± 0.25 18.55 ± 0.70 2.5 0.90 ± 0.017 22.74 ± 1.00
5.0 1.353 ± 0.22 30.24 ± 0.87 5.0 0.77 ± 0.035 33.90 ± 0.84
7.5 1.11 ± 0.18 42.78 ± 1.45 7.5 0.67 ± 0.014 42.48 ± 0.61
10.0 0.845 ± 0.14 56.44 ± 1.33 10.0 0.53 ± 0.026 54.07 ± 0.75
15.0 0.656 ± 0.06 66.15 ± 1.10 15.0 0.39 ± 0.001 66.52 ± 1.08
20.0 0.345 ± 0.04 82.18 ± 0.80 20.0 0.245 ± 0.002 78.96 ± 0.92
25.0 0.053 ± 0.007 97.25 ± 1.03 25.0 0.139 ± 0.003 88.02 ± 0.44
30.0 0.0007 ± 0.00 99.96 ± 0.013 30.0 0.029 ±0.009 97.51 ±  0.96

Fig. 1: Dose dependent cytotoxicity of biogenic as well as chemically synthesized AgNPs on
human leukemia (K562) cells. Graph showing concentration dependent response of K562 cells to
show cytotoxic effects of AgNPs with increased concentration (X axis) inhibits cell viability up to

100 %(Y axis). All the data were expressed in Mean ± SEM of three independent experiments.
Bars represent the standard error of mean

further 48h at 37°C & 5% CO2. The solvent DMSO
treated cells served as treatment control. After
completion of treatment of 48h, medium was
removed and cells were washed with Hanks
Balanced Salt Solution. Thereafter, 20µl/well of 5mg/
ml concentration of MTT(3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide), was added
to the cells and further incubated for another 4 h at

37°C, and 5% CO2 atmosphere. After 4h
incubation, 200 µl of dimethyl sulphoxide (DMSO)
was added to each well to dissolve the formazan
crystals. The Absorbane of purpule colour
developed was measured at 560nm wavelength
using UV-Vis 1800 spectrophotometer (Shimadzu)
to determine percentage inhibition of growth of
treated as well as untreated cells. All experiments



340 DATKHILE et al., Biomed. & Pharmacol. J.,  Vol. 10(1), 337-344 (2017)

were performed in triplicates. The effect of the AgNPs
& NFAgNPs on the cell proliferation was expressed
as the % growth inhibition, using the following
formula: Percentage (%)inhibition = 100- (A560nm
of treated cells / A560nm of control cells) × 100%.

Cell viability assay
K562 cells at a seeding density of 1 X 105

cells/ml were cultured in six well plates containing
RPMI1640 medium with 10% FBS and Penicillin-
Streptomycin at 100 U/mL / 100µg/mL. Cells were
allowed to grow for 24 h for recovery. Such cells
were then treated with AgNPs and NF AgNPs at
different concentrations as mentioned earlier.
Thereafter, viable cells in control and treated groups
were counted by trypan blue staining using
hemocytometer after 48 h of treatment. Percentage
cell viability was determined by counting the cells
using the following formula: Percentage cell viability
= (Total number of viable cells/Total number of cells)
× 100.

DNA fragmentation assay
In order to check apoptosis, DNA

fragmentation assay was performed according to
the procedure described by (Herrmann et al., 1994).
In brief, 1x 106 cells in 6 well plates were treated
with different concentrations of NFAgNPs and AgNP
along with untreated controls and incubated at 370C
in 5% CO2, for 48 hours. After 48 h of treatment,
cells were harvested by centrifugation and washed
once with HBSS. Such cells were lysed in 0.3 ml of
cell lysis buffer containing (10mM Tris-HCl, pH 7.5,
1 mM EDTA, 0.2% triton-X 100, 0.5% sodium
dodecyl sulphate (SDS). The cell lysate was
incubated with 0.5 miligrams proteinase K(mg)/ml
RNase Aat 37°C for 2 h,thereafter, 0.2mg/mlat 55°C
for 1h.DNA in Aqueous phase was precipitated by
adding 1/10th volume of 5M sodium chloride and
equal volume of isopropanol at -200C. After
overnight precipitation, the suspension was
centrifuged at 12000 x g for 30 minutes at 40C
followed by DNA pellet wash by 70% ice cold
ethanol and air-dried DNA pellet for 10 minutes at

Fig. 2: In vitro cytotoxicity of AgNPs

Cytomorphological changes and growth inhibition of AgNPs treated K562 cells: Cells were treated with or without

biogenic as well as chemically synthesized AgNPs for 48 h at different concentrations and microscopic photographswere

taken using inverted phase contrast microscope microscope at 20×magnification. A.(a) Non treated K562 cells; (b)

K562 cells treated with 2.5µg/ml biogenicAgNPs; (c) K562 cells treated with 5µg/ml biogenic AgNPs (d) K562 cells

treated with 10µg/ml biogenicAgNPs; (e) K562 cells treated with 15µg/ml biogenicAgNPs. (f) K562 cells treated with

20µg/ml biogenic AgNPs. B. (a) Non treated K562 cells; (b) K562 cells treated with 2.5µg/ml chemically synthesized

AgNPs; (c) K562 cells treated with 5µg/ml chemically synthesized AgNPs (d) K562 cells treated with 10µg/ml chemically

synthesized AgNPs; (e) K562 cells treated with 15µg/ml chemically synthesized AgNPs. (f) K562 cells treated with

20µg/ml chemically synthesized AgNPs.
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room temperature to remove traces of ethanol. The
DNA was resuspended in appropriate volume of
T10E1 buffer (pH8.0). DNA dissolved in loading buffer
were loaded on a 1.5% (w/v) low EEO agarose
(GeNei) gel containing 1 µg/mL ethidium bromide
and subjected to electrophoresis at 80 V for 1-2 h in
Tris-Acetate-EDTA (TAE) buffer along with DNA
molecular weight marker. The DNA fragments were
visualized by exposing the gels to UV
transilluminator followed by photography in gel
documentation system (BioRad Laboratories).

Statistical analysis
The Percentage inhibition of cell growth

and percent cell viability are reported as Mean±
SEM of three independent experiments. SPSS for
windows version 11.0 software was used for
statistical analysis.

RESULTS

Biogenic AgNPs causes decreased cell viability
and inhibition of cell proliferation

In order to determine the effect of biogenic
and chemically synthesized AgNPs on cell viability
and cell proliferation, trypan blue vital dye exclusion
and MTT assay experiments were carried out. The

cytotoxic activity of the biologically and chemically
synthesized silver nanoparticles were evaluated
in vitro against K562 cell lines after 48 h exposure
and the cell viability measured over a range of
concentrations between 1 and 30µg/mL . The results
obtained from the revealed that biogenic silver
nanoparticle exhibited a range of significant
cytotoxic activities in a dose dependent manner
varying from 1 µg/mL to 30 µg/. Their activity data is
presented in the graphical representation also
(Fig. 1).  MTT assay done after AgNPs treatment
revealed that both biogenic as well as chemically
synthesized silver nanoparticles were inhibiting
K562 cell proliferation in a concentration dependent
manner (Table 1).It also has been reported that the
cytotoxicity on K562 cell lines were increased with
an increase in concentration of AgNPs. Complete
mortality was observed in 30 µg/ml and higher
concentrations of AgNPs. These results thus
suggested that the stress caused by both AgNPs is
affecting cell viability and inhibiting cell proliferation.

AgNPs causes cytomorphological alterations
Microscopic observations of both

biologically and chemically synthesized AgNPs
treated K562 cells were monitored using Carl Zeiss
phase contrast inverted microscope where in
treated cells showed distinct cellular morphological
alteration indicating unhealthy cells, whereasthe
control cells appeared normal confluent aggregates
with rounded cells (Figure 2A). Biosynthesized
AgNPs treated cells showed the morphological
variations such as loss of membrane integrity
therefore appeared shrunken, inhibition of cell
growth and cytoplasmic condensation when
comparedto control. Similar results were observed
by other groups in cells treated with chemically
synthesized AgNPs (Figure 2B). These results
indicate that the AgNPs treated cells at higher
concentrations undergone cell death where as
untreated cells were live.

AgNPs induced stress causes apoptosis in K562
cells

Evaluation of induction of apoptosis
following treatment with increasing concentrations
of biologically and chemically synthesized AgNPs
was determined by DNA fragmentation pattern. The
AgNPs treated cells exhibited extensive double
strand breaks thereby yielding a ladder appearance

Fig. 3: Detection of apoptosis in AgNPs treated
K562 cells by DNA fragmentation

Representative agarose gel images showing DNA

fragmentation of K562 cells treated with biogenic silver

nanoparticles (AgNPs), and chemically synthesized

AgNPs at different concentrations. Lane1;100 base pair

DNA marker, lane 2; DNA from untreated control K562

cells, lane 3; DNA from cells treated with 2.5 microgram

AgNPs, lane 4; lanes 4-8; DNA from cells treated with 5,

10, 15, 20, 25 µg/ml of AgNPs respectively, lane 9 ;1Kb

DNA marker.
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shown in (Lane 4-8, Figure 3 A & B), while the DNA
of control as well as minimum concentration of both
the AgNPs treated cells exhibited minimum DNA
breakage (Lane 2 &3, ) (Fig. 3 A & B). There was
dose dependent increase in DNA fragmentation in
both biogenic as well as chemically synthesized
treated K562 cells.

DISCUSSION

The toxicity of AgNPs to prokaryotic,
eukaryotic cells and multicellular organisms has
been investigated in a number of studies. But many
studies failed to describe the behavior of
nanoparticles in the particular biological media.
Therefore the purpose of our study was to
investigate the toxicity AgNPs with a specific focus
on nature of synthesis and concentration
dependent effects and to explore the possible
differences in toxicity.In the present study we used
exposure of concentrations in the range of 1–30
µg/ml, primarily based on previous studies of Ag
nanoparticles and eukaryotic cells. We found
biologically synthesized silver nanoparticles were
more toxic toward K562 cells similar tochemically
synthesized AgNPs in a concentration dependent
manner. When cytoxicity is considered it is known
that the cytotoxic effects of silver are the result of
active physico chemical interaction of silver atoms
with the functional groups of intracellular proteins,
as well as with the nitrogen bases and phosphate
groups in DNA but the actual mechanism linked to
silver nanoparticle cytotoxicity is not completely
understood. The cell viability assay is important
method for toxicology analysis which explain the
cellular response to a toxic materials, and it can
provide information on cell death, survival, and
metabolic activities (6). Earlier it has been reported
that the cytotoxicity on HeLa cell lines increased
with an increase in concentration of AgNPs(15). Also,
enhanced cytotoxic activity of AgNPs on MCF7 cells
observed due to the increased cytotoxicity,
decreased viability and proliferation which result
in apoptosis through induced programmed cell
death (16). Piao et al.2011(17) reported that AgNPs
and AgNO3 showed cytotoxicity in a dose-
dependent manner in human Chang liver cells;
among these materials AgNPs showed higher
cytotoxicity compared toAgNO3.Molina et al.
2010(18)reported that colloidal silver induced dose-

dependent cytotoxic effect on breast cancer
cells.To support these studies, wehereby confirmed
that AgNPs induced morphological changes in
K562 cells where AgNPs treated K562 cells showed
apparent morphological variations such as
alteration in cell shape compared to control cells.
Biosynthesized AgNPs treated cells appeared to
shrink when compared to control. It is clearly
evidenced that synthesized AgNPs induces cell
damage through the loss of cell membrane integrity
and apoptosis. Several factors influence toxicity of
AgNPs such as dose, time and size of the particles.
DNA fragmentation is broadly considered as a
characteristic feature of apoptosis. Nanoparticles
easily cross the nuclear membrane and they can
therefore interact with DNA directly or indirectly
although the exact mechanism for this interaction
is not yet known(18). In order to explore the cytotoxicity
of AgNPs in human leukemia cells we used the
agarose gel electrophoresis for DNA fragmentation
analysis. In contrast to the concentration dependent
effect on cell viability, we found that all tested AgNPs
induced DNA damage after 48 h reported by the
DNA fragmentation. The relation of effect on cell
viability and the DNA damage may potentially be
explained by reactive oxygen species (ROS)
generation(19). However, we could not provide any
evidence of intracellular ROS production preceding
toxicity, thus contradicting many other published in
vitro studies(20).Several studies have demonstrated
that AgNPs significantly induce either apoptosis or
necrosis in different celltypes(15, 21-23). Our results
supported previous findings where AgNPs
treatment significantly increased DNA
fragmentation in K562 cells. Therefore these results
suggest that the stress induced by AgNPs is
responsible for inhibition of cell proliferation
followed by induction of apoptosis in K562 cells.
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