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Background: Plant mediated green synthesis of nanoparticles is an eco-friendly and effica-

cious approach which finds immense application in the field of medicine. This study aimed

to  evaluate the cytotoxicity of platinum nanoparticles (ptNPs) synthesized through green

technology against normal and different cancer cell lines.

Methods: Platinum nanoparticles were synthesized by green technology and characterized

earlier. In this study we examined the cytotoxic effect of platinum nanoparticles (ptNPs)

on  human lung adenocarcinoma (A549), ovarian teratocarcinoma (PA-1), pancreatic cancer

(Mia-Pa-Ca-2) cells and normal peripheral blood mononucleocyte (PBMC) cells and evalu-

ate anticancer potential through induction of apoptosis on PA-1 cells if any. Cytotoxicity

was evaluated using MTT assay, trypan blue dye exclusion assay and anticancer potential

assessed through clonogenic assay, apoptosis assay, cell cycle analysis.

Results: We  found that ptNPs exerted cytotoxic effect on cancer cell lines, whereas no cyto-

toxic effect was observed at highest dose on normal cells. The results showed that ptNPs

had  potent anticancer activities against PA-1 cell line via induction of apoptosis and cell

cycle arrest.

Conclusion: Overall, these findings have proved that biosynthesized ptNPs could be potent
anti-ovarian cancer drugs. Further studies are required to elucidate the molecular mecha-

nism  of ptNPs induced anti-tumor effect in vivo.
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1.  Introduction

In recent years, the interest in the synthesis and properties
of metal nanoparticles has been increasing because of their
unique properties and promising applications as catalysts, fer-
rofluids, and semiconductors.1,2 Nanotechnology is the most
promising field for generating new applications in medicine.
However, only few nano-products are currently in use for med-
ical purposes.3

For many  years, platinum-based molecules have received
considerable attention because of their electro-catalytic
properties.4,5 For instance, platinum-based therapeutic drugs,
notably cisplatin and carboplatin, have been exploited in
chemotherapy to kill cancer cells.5 However, these drugs
are not selective for cancer cells, because normal cells are
also affected, leading to substantial dose-limiting acute and
chronic toxicities. Since toxic side effects (particularly nephro-
toxicity and gastrointestinal) and frequent development of
drug resistance represent the major challenges in the clini-
cal outcome of these patients, it was conceivable to search for
cisplatin analogs or other metal complexes able to offer a more
acceptable level of toxicity and improved antitumor activity.6,7

Nanoparticles are making significant contributions to the
development of new approaches of drug delivery in cancer and
can provide a platform for combined therapeutics with subse-
quent monitoring of response.8 Increasing evidence suggests
that the special physicochemical properties of nanomateri-
als pose potential risks to human health.9 Therefore it is
necessary to understand how cells respond to nanomateri-
als and through what mechanisms. Green nanotechnology
is generating attention of researchers toward eco-friendly
biosynthesis of nanoparticles. With a view toward develop-
ing nano-therapeutics, we have performed experiments using
eco-friendly platinum nanoparticles. Platinum nanoparticles
were synthesized by green technology, characterized its zeta
potential and size by dynamic light scattering (DLS) as well as
scanning electron microscopy (SEM) earlier.10

The present study is the continuation of the earlier work
and is carried out to assess the cytotoxicity of ptNPs on nor-
mal  and three different types of cancer cells. Based on highest
cytotoxicity results, anticancer activities of platinum nanopar-
ticles against ovarian terotocarcinoma cells were evaluated.

2.  Methods

Cell culture medium reagents were purchased from Hime-
dia laboratories. Fetal bovine serum (FBS) was purchased
from Invitrogen (US). An Annexin V-FITC apoptosis detec-
tion kit was purchased from BD-Bioscience (Catalogue no.
556547). Cisplatin, used as a positive control was purchased
from Cipla (India). Platinum nanoparticles were synthesized
through green technology and characterized by particle size,
zeta potential and surface morphology.10 The recovered ptNP
sample was used for cytotoxicity and anticancer studies.
2.1.  Cell  culture  and  exposure  of  drug

A human cancer cells, A549, PA-1, Mia-Pa-Ca-2 were obtained
from National Center for Cell Science (NCCS), sub-cultured
Integr Med Res ( 2 0 1 7 ) 141–148

and then used to determine cell cytotoxicity after exposure
to the drug. The cells were cultured in minimum essential
medium (MEM), Dulbecco’s Modified Eagle’s medium (DMEM)
supplemented with 10% FBS at 5% CO2 and 37 ◦C. At 85%
confluence, the cells were harvested using 0.25% trypsin and
seeded in 25 cm2 flasks, 96 well plates, 6-well plates, according
to the experiment being performed. The cells were allowed to
70% attach to the surface prior to treatment. A stock solution of
ptNPs 10 mg/ml  was made in vehicle and diluted to appropri-
ate concentrations for treatment. Suspensions were vortexes
and aspirated 10 times before treatment. Cells treated with
vehicle control were taken as control.

2.2.  MTT  cell  proliferation  assay

The MTT  (3-(4,5-dimethylthiazolyl-2)-2,5-
diphenyltetrazolium bromide) assay measures the cell
proliferation rate and conversely, the reduction in cell viabil-
ity when metabolic events lead to apoptosis or necrosis. The
yellow compound MTT is reduced by mitochondrial dehy-
drogenases to the water insoluble blue formazan compound,
depending on the viability of the cells.11

A549, PA-1, Mia-Pa-Ca-2 cells (2 × 104 cells/ml) were seeded
in 96-well plates and exposed to different concentrations (50,
100 and 200 �g/ml) of ptNPs and 10 �g/ml of cisplatin for a
period of 48 hours. After the treatment period, the cells were
allowed to react with MTT  for a period of 3–4 hours in dark
at 37 ◦C. At the end of the incubation period, dark purple
formazan crystals were formed. These crystals were solubi-
lized with an organic solvent (e.g. isopropanol) and absorbance
at 595 nm was measured spectrophotometrically. The experi-
ment was repeated at least three times. Cisplatin was used as
positive control for this experiment. To determine the cell via-
bility, we  calculated percent viability as % viability = [(Optical
density {OD} of treated cell − OD of blank)/(OD of vehicle con-
trol − OD of blank) × 100].

2.3.  Preparation  of  PBMC  and  assessment  of
cytotoxicity  using  trypan  blue  assay

Peripheral blood mononuclear cells (PBMC) were isolated from
healthy human volunteer by Ficoll-Paque (Histopaque 1077,
Himedia laboratories) density gradient centrifugation as per
standard procedure.12 PBMC (2 × 105 cells/well) were cultured
in complete RPMI-1640 media as usual and incubated with
ptNPs (200 �g/ml), cisplatin (10 �g/ml) to evaluate cytotoxicity
for 48 hours using trypan blue exclusion assay. This methods
yields approximately more  than 95% viable PBMC.

2.4.  Clonogenic  survival  assay

Clonogenic assay or colony formation assay is an in vitro cell
survival assay based on the ability of a single cell to grow into a
colony. The colony is defined to consist of at least 50 cells. The
assay essentially tests every cell in the population for its abil-
ity to undergo “unlimited” division.13 Clonogenic assay is the

method of choice to determine cell reproductive death after
treatment with ptNPs. After harvesting with 0.05% trypsin, 200
(depending on the treatment) cells were plated 24 hours before
treatment in MEM at 37 ◦C. Cultured cells were treated with

dx.doi.org/10.1016/j.imr.2017.01.006
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Fig 1 – Effect of ptNPs on viability of lung adenocarcinoma
(A549), ovarian teratocarcinoma (PA-1), pancreatic cancer
(Mia-Pa-Ca-2) cells. A. Cells were  treated with vehicle,
different concentrations of ptNPs and positive control
(10 �g/ml cisplatin) for 48 hours. Cell viability was analyzed
using the MTT  assay. Data represented as mean ± SE of
three independent experiments made in three replicates.
*P < 0.05, **P < 0.01, ***P < 0.001 versus vehicle control (VC)
. Bendale et al/Anticancer activity of platinum nanoparticles 

oses 50 to 200 �g/ml of ptNPs and cisplatin (10 �g/ml). After
he treatment, cells were incubated in 5% CO2 atmosphere at
7 ◦C for 14 days to allow colony formation. Colonies were fixed
ith methanol and stained with 1% crystal violet. Colonies of
ore  than 50 cells counted and the plating efficiency (PE) was

alculated.

.5.  Observation  of  morphological  changes  with
cridine  orange/Ethidium  bromide  (AO/EB)  staining

ells were seeded at a concentration of 2 × 105 cell/ml in 6-well
issue culture plates. Following incubation, the medium was
emoved and replaced with phosphate-buffer saline (PBS) and
upplemented with ptNPs (100 and 200 �g/ml). After the treat-
ent period, monolayer cells were stained with AO/EB stain

1 mg/ml).14 After staining, the cells were visualized immedi-
tely under the fluorescence microscope (Axiovert, Carl Zeiss)
t 20× magnification.

.6.  Annexin  V  and  propidium  iodide  (PI)  staining  for
poptosis  assay

poptosis was assessed via flow cytometric analysis of control
nd ptNPs treated cells that were stained with FITC-Annexin

 and PI using the Annexin V-FITC apoptosis detection kit
ccording to the manufacturer’s protocol (BD Bioscience).
A-1 cells were seeded onto 6 well plates and allowed to
dhere. After cells become 70% of confluent, cell were treated
ith 200 �g/ml of ptNPs for 48 hours at 37◦ C and 5% CO2.
ubsequently, the cells were collected, washed in PBS and
esuspended in 500 �l of 1X Annexin-binding buffer. Cells were
hen incubated at room temperature with Annexin V-FITC and
I stain in the absence of light. Following the 10 minute incuba-
ion, samples were immediately analyzed via flow cytometry.
nnexin V staining was detected as green fluorescence and PI
s red fluorescence.

.7.  Cell-cycle  analysis

ell cycle perturbations were assessed using flow cytometry to
easure the proportion of cells in different phases. Cell cycle

erturbations induced by ptNPs were analyzed using propid-
um iodide DNA staining.14 Approximately 2 × 105 cells per
ell were plated in six-well plates and allowed to attach. After

ells becomes 70% confluent, treated with 100 and 200 �g/ml
tNPs for 48 hours and then collected and fixed in ice-cold 70%
thanol for 4 hours and stored at 4 ◦C until PI staining. Ethanol-
uspended cells were then centrifuged at 1000 rpm for 5 min
nd washed twice in PBS to remove residual ethanol. Pellets
ere suspended in 1 ml  of PI/RNase A reagent and incubated
t 37 ◦C for 30 min. Cell cycle profiles were obtained using
 BD FACScan Cell flow Cytometer (Becton Dickinson USA).
ebris and aggregates were gated out during data acquisition
nd 5000-10,000 events were collected from each sample. Data
ere analyzed with the Cell Quest Pro software.
group.

2.8.  Statistical  analysis

Statistical comparisons were made using Student’s t-test.
Results were expressed as means ± standard errors (SEs). P-
values of less than 0.05 were considered significant.

3.  Results

3.1.  Cytotoxicity  of  ptNPs  on  cancer  cells

Different cancer cell lines were used to screen for the in vitro
cytotoxic activity of ptNPs. A549, PA-1, Mia-Pa-Ca-2 cells were
incubated with different concentration of ptNPs for 48 hours.
Cell viability was determined by MTT assay. We observed that
ptNPs suppressed growth of cancer cells (Fig. 1) and growth
inhibition were 28.52-34.85% in A549 cells, 33.16-46.06% in PA-
1 cells and 11.12-41.18% in Mia-Pa-Ca-2 cells after treatment of
ptNPs (50–200 �g/ml). The results shown in Fig. 1 indicated that
ptNPs (200 �g/ml) caused a significant decrease in cell viabil-
ity of A549 (**P < 0.01), PA-1 (***P < 0.001), Mia-Pa-Ca-2 (*P < 0.05)
respectively as compared to control. PtNPs showed the highest
growth inhibitory effects on PA-1 cells. As presented in Fig. 1,
some cytotoxic effect was already observed at 50 �g/ml dose
of ptNPs whereas maximal effect was obtained at a concen-
tration of 200 �g/ml in PA-1. Based on these data, the present
study focused on PA-1 cells for subsequent tests.

3.2.  Cytotoxicity  of  ptNPs  on  normal  cells

To examine the cytotoxic effect of the ptNPs against normal
PBMC cells, trypan blue dye exclusion assay was performed.
PBMC cells were treated with highest dose (200 �g/ml) of

the ptNPs for 48 hours. No significant cytotoxic effect was
observed in the normal PBMC at the highest concentration
(200 �g/ml) (Fig. 2) of ptNPs that significantly affected the
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Fig. 2 – Cytotoxic effect of ptNPs (200 �g/ml) and cisplatin (10 �g/ml) on normal PBMC cells. Data represented as mean ± SE
rou
of three independent experiments. **P < 0.01 versus control g

cancer cells Fig. 1, suggesting that the effect of the ptNPs was
selective for cancer cells.

3.3.  Clonogenic  survival  assay

The clonogenic assay showed the effect of ptNPs on the
colony-forming capacity of exponentially growing PA-1 cells.
We performed a clonogenic assay for confirming the growth
inhibition results of ptNPs. Platinum nanoparticles treatment
enhances cell death and also inhibits colony formation capa-
bility in the PA-1 cell population in a concentration dependent

manner. After treatments with different concentrations (50,
100, 200 �g/ml), the plating efficiency of PA-1 cells declines, as
evidenced by the reduction in the number of colonies formed
(Fig. 3B-D). Exposure of ptNPs (50, 100 and 200 �g/ml) shows a

Fig. 3 – Effect of platinum nanoparticles on colony forming capac
cells studied by a clonogenic assay. PA-1 cells were treated with 

to form colonies in fresh medium for 14 days. A = Control; B = ptN
E = Cisplatin (10 �g/ml). F: Representative histogram showing per
expressed as mean ± SE (n = 3). *P < 0.05, ***P < 0.001 versus contro
p.

decline in colony survival and plating efficiency was found to
be 36, 31 and 11 respectively (Fig. 3F). This result indicates that
ptNPs at 200 �g/ml significantly (p < 0.05) inhibit the colony
formation capabilities of PA-1 cells.

3.4.  Morphological  changes  using  AO/EB  staining

Apoptosis was also confirmed by examining the nuclear mor-
phology by AO/EB staining. As shown in Fig. 4A, control
PA-1 cells were stained with uniform green fluorescence and
no apoptotic features were observed. Following treatment

of PA-1 cells with ptNPs for 48 hours, obvious morphologi-
cal changes and apoptotic cells with chromatin condensation
were observed (Fig. 4B-C). The results suggest that ptNPs
induced PA-1 cell apoptosis. Cells stained green represent

ity or clonogenic survival of exponentially growing PA-1
ptNPs (50, 100, 200 �g/ml) and cisplatin (10 �g/ml), allowed
Ps (50 �g/ml); C = ptNPs (100 �g/ml); D = ptNPs (200 �g/ml);
centage of platting efficiency in PA-1 cells. Data are
l group.

dx.doi.org/10.1016/j.imr.2017.01.006
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Fig. 4 – PA-1 cells were  stained by AO/EB and observed under fluorescence microscope. PA-1 cells were treated with (A)
vehicle control, (B) 100 �g/ml and (C) 200 �g/ml of ptNPs for 48 hours. L indicates live cells, EA indicates early apoptotic cells
a
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nd LA indicates late apoptotic cells.

iable cells, whereas yellow staining represents early apop-
otic cells and reddish or orange staining represents late
poptotic cells.

.5.  Effect  of  ptNPs  on  apoptosis  in  PA-1
poptosis, autophagy and necrosis are the major types of
ell death.15 To determine the percentage of apoptotic and
ecrotic cells, the cells were treated with 200 �g/ml ptNPs

or 48 hours and stained with Annexin V and PI using flow

ig. 5 – Apoptosis induced by ptNPs in PA-1 cells. PA-1 cells were
or 48 hours. Then cells were  stained with FITC-conjugated Anne
ytometry profile represents Annexin V-FITC staining in x axis a
poptotic cells, late apoptotic cells and necrotic cells. Data are ex
cytometry. Here, we found that that ptNPs is capable of induc-
ing apoptosis in PA-1 cells. The flow cytometry analysis results
showed that the rate of apoptosis was 8% in the cells treated
with 200 �g/ml of ptNPs after 48 hours (Fig. 5).

3.6.  Cell-cycle  analysis
Cell flow cytometry was used to determine the effect of
ptNPs on the cell cycle progression. A significant increase
in the percentage of cells in sub-G1 phase was found after

 treated with (A) vehicle control and (B) 200 �g/ml of ptNPs
xin V and PI for flow cytometric analysis. The flow
nd PI in y axis. (C) Results showing the percentage of early
pressed as Mean ± SE (n = 3). **P < 0.01 versus control group.
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Fig. 6 – Flow cytometry analysis of cell cycle phase distribution in PA-1 cells. Histogram representing propidium iodide
staining of control (A) and ptNPs (100 and 200 �g/ml) (B-C) treated PA-1 cells for 48 hours. D: Bar diagram showing the cell
distribution in the subG1, G0/G1, S and G2/M phases for PA-1 cells treated with vehicle control and ptNPs (100 and
200 �g/ml). Data are expressed as mean ±SE (n = 3). *P < 0.05 versus control group.
treatment with ptNPs, compared with control cells (Fig. 6). As
shown in Fig. 6, when cells were exposed to ptNPs (200 �g/ml)
for 48 hours, the percentage of sub-G1 population showed a
marked increase of 42% (p < 0.05) compared with the control
(12%). G0/G1 phase were decrease along with the increase of
sub-G1 phase compared with that of control cells. All these
data indicate that inhibition of cell growth causes increased
cells entering in sub-G1 phase, subsequently induces cell apo-
ptosis.

4.  Discussion

Dependence of human life on nanotechnology emerged nat-
urally from ayurveda, a 5000-year-old system of Indian
medicine. Though the modern science has started exploring
the term “Nano” in 21st century, ayurvedic medicinal sys-
tems used noble metals such as gold, silver etc., in nano
form as bhasmas for various medical applications.16 Since

nanoparticles (NPs) are more  biocompatible than the conven-
tional therapeutics, they play an important role in improving
their bioavailability as well as compatibility for therapeuti-
cal applications in diseases like cancer.17 There is a growing
list of reports indicating that NPs might be medically and
environmentally toxic, as their high surface-to-volume ratio
makes the particles of some metals very reactive or catalytic.18

There is also evidence that NPs pass through cell mem-
branes and interact with cellular structures, and thus have
a direct impact on cell functioning and consequently on
cell viability. Therefore, in this study, we have determined
the cytotoxicity of ptNPs using cancer cell lines and nor-
mal  human peripheral blood mononucluocyte (PBMC) cells
for understanding toxicity under in vitro conditions. We  car-
ried out screening of ptNPs in different cancer cells of lung,
ovarian, pancreatic, breast, colon, renal, leukemia types. Inter-
estingly, the cytotoxicity of ptNPs toward mammalian cells
depends on the cell type. Our in vitro studies showed that
ptNPs induced cell death in ovarian, lung and pancreatic can-
cer cell lines (data of breast, colon, renal, leukemia cancer cell
lines were not shown). In contrast, no significant cytotoxic
effect was observed in the normal human PBMC cells (Fig. 2)
at the highest concentration (200 �g/ml) of the nanoparticles

that significantly affected the lung, ovarian and pancreatic
cancer cells (Fig. 1), suggesting that the effect of the plat-
inum nanoparticles was cytotoxic for the selected cancer cell
lines. As ptNPs exhibiting greater cytotoxicity on PA-1 cells,

dx.doi.org/10.1016/j.imr.2017.01.006
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A-1 cell line was selected to find out mode of action of
latinum nanoparticles and evaluated its anticancer poten-
ial.

The present study revealed that potential cytotoxic effect
f ptNPs in PA-1 cells after short (48 hours) and long term (14
ays) exposure. Clonogenic assay, used to evaluate the effects

nduced after prolonged exposure (14 days). Our finding shows
hat ptNPs dose dependently inhibited the PA-1 colony forma-
ion as compared to the control cells (Fig. 3). This indicates
hat ptNPs decreases the potential of individual cells to form

 colony and thereby acts as an anti-cancer drug. This finding
ell corroborated with our cell proliferation studies.

The major drawbacks of many  effective cancer chemother-
peutic agents are systemic toxicity and drug resistance.19

isplatin is the first approved platinum drug that has been
sed for more  than three decades in standard chemotherapy
egimens. However, the use of cisplatin is restricted because of
ts severe side effects, including nephrotoxicity, neurotoxicity,
totoxicity and myelo-suppression, as well as the intrinsic and
cquired resistance developed by various cancers. Thus, the
ew therapeutic agents should be more  active while producing

ewer side effects. They also should act through a mecha-
ism different from that of cytotoxic agents already used. A
ariety of nanomaterials are being evaluated in clinical trials
s drug carrier and for imaging of specific targets, with aim
f increasing the efficiency of drug bioavailability, reducing
ide effects and prevention damage to other tissues.20,21 At
resent there has been a considerable interest in the biologi-
al synthesis of nanoparticles because of its simple, safe and
co-friendly principles and it does not require elaborate pro-
ess. The biosafety and biocompatibility of any biomaterial are
ital concerns that should be addressed before such materials
re applied to biological systems. We  investigated the acute
oxic effect of ptNPs in different doses and no toxic effect
as found upto 5000 mg/kg bw after oral administration to
ice (data not published). No cytotoxicity was also found after

reatment of different doses of ptNPs (25-100 �g/ml) against
ormal PBMC.10 Our present PBMC results also showed that
o cytotoxicity was observed at highest 200 �g/ml dose. The
ctivity of biosynthesized ptNPs in human cancer cells in vitro
nd in vivo provides the rationale for clinical use of orally
dministered agent in patients with solid tumor as most of
he chemotherapeutic drug like cisplatin administered intra-
enously and have side effects. In this regard, platinum nano
articles synthesized by green technology with anticancer
ctivity and no toxicity to normal tissues has been suggested
s possible candidates for their capability to improve the effi-
acy of anticancer drugs.

In conclusion, biosynthesized ptNPs exhibited cytotoxic
ctivity against ovarian, lung and pancreatic cancer cells
ithout showing toxicity against normal peripheral blood
ononucleocyte cells. Results also demonstrated that ptNPs

nduce apoptosis and cell cycle arrest in PA-1. Based on
ur observation, we  suggest that ptNPs may represent an
merging novel therapeutic agent for the treatment of human
varian cancer without showing cytotoxicity towards normal

ells. Further studies are required to support our observations
f the anti-tumor potential of these platinum nanoparticles

n vivo.
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