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Abstract

Metal nanoparticles are widely used in industry, agriculture, textiles, drugs, and so on. The adverse effect of green platinum
nanoparticles on human embryonic kidney (HEK293) cells is not well established. In the current study, green platinum nano-
particles were synthesized using leaf extract of Azadirachta indica L. Green platinum nanoparticles were characterized by dynamic
light scattering and transmission electron microscope. The cytotoxicity of green platinum nanoparticle was observed in HEK293
cells by applying 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) and Neutral
red uptake (NRU) assays. Cell viability of the cells was decreased in a concentration and duration-dependent manner. Generation
of reactive oxygen species (ROS) in HEK293 cells due to green platinum nanoparticles was examined using fluorescent dye 2,7-
dichlorofluorescein diacetate (DCFDA), and ROS was increased according to exposure pattern. The cytotoxicity of HEK293 cells
was correlated with increased caspase 3, depolarization of mitochondrial membrane potential, and DNA fragmentation. The
abovementioned finding confirmed that mitochondria play an important role in genotoxicity and cytotoxicity induced by nano-
particles in HEK293 cells. Further, we determined other oxidative stress biomarkers, lipid peroxide (LPO) and glutathione (GSH);
LPO was increased and GSH was decreased in HEK293 cells. It is also important to indicate that HEK293 cells appear to be more
susceptible to green platinum nanoparticles exposure after 24 hours. This result provides a dose- and time-dependent apoptosis
and genotoxicity of green nanoparticles on HEK293 cells.
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Introduction viability of cells and proliferation, and there is very little knowl-
edge about the mechanism of its toxicity.® It is supposed that
nanoparticles may mess up and damage cellular function through
a different mechanism.” The nanoparticle has some ions or toxic
materials that indirectly or directly affect the living cells via
production of reactive oxygen species (ROS). Indeed, it is
reported that cell toxicity occurred with the use of xenobiotic

The use of nanotechnology in agriculture, the industry that is fast
growing, is increasing, and the market size was valued to be
more than 1.2 trillion dollars in 2017." Due to its unique char-
acteristic and new features, nanoparticles have been extensively
applied in various aspects of daily life and in energy production,
catalyst, drugs, cosmetics, and agriculture.> The high level of
consumption and unrestricted application of nanoparticles have
led investigators to study the challenging problems and the
impact of their consequences in the environment.>* Due to the
rapid evolution and recognition of nanotechnology, the possibil-
ity of adverse health effects in animals, humans, and ecosystems  Received 22 July 2018; received revised 20 September 2018; accepted 25
has not yet been established. In the present era, bimetallic  September 2018

nanoparticles such iron—platinum are extensively applied .
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materials and nanoparticles due to ROS generation.®? Also, an
independent component of nanoparticles can induce cellular
damage due to its ability to adhere to or to pass through cell
membranes.'® Some researchers have synthesized green nano-
particles using eco-friendly reagents, mostly of biological origin.
Mittal et al'' reported that plants are used in large-scale produc-
tion of nanoparticles. Azadirachta indica, usually known as
neem, is a tree in the mahogany Meliaceae family. The leaves
of A4 indica are used in synthesizing platinum nanoparticles.

Platinum is one of the rarest and most expensive metals. It
has high corrosion resistance and numerous catalytic applica-
tions, including automotive catalytic converters and petro-
chemical cracking catalysts. The platinum drugs, cisplatin,
carboplatin, and oxaliplatin, prevail in the treatment of cancer,
but new platinum agents have been very slow to enter clinical
use.'? High level of ROS generation induced DNA strand
breakage, damaging cellular macromolecules (proteins, fat,
and carbohydrate) causing apoptosis.'>

However, it is not known whether treatment with green
platinum nanoparticles may affect the internal organ of an
animal or human body systems. Given the delicate structure
of the kidney filtration system, along with the major role
that this organ plays in the filtration of bodily fluids and the
excretion of waste products, it is quite possible that an
inappropriate exposure to green platinum nanoparticles may
affect renal cell structure and function. To investigate this
possibility, the well-characterized human embryonic kidney
(HEK293) cell line was chosen as a test system, given the
widespread use of these cells to evaluate the cytotoxic
effects of chemicals.'* To determine the effect of green
platinum nanoparticles, we treated the HEK293 cells with
various dosages to determine the effective acute concentra-
tion (ECsg) for 24 hours. After determinig the ECsq value,
we investigated the potential mechanism of cytotoxicity,
apoptosis, and genetic damage, using a variety of different
approaches. Taken together, our result indicates that treat-
ment using green platinum nanoparticles is correlated with
increased cytotoxicity and genotoxicity. Further studies to
approve these findings using other types of cells and experi-
mental designs may be warranted.

Materials and Methods

Chemicals and Reagents

Green platinum nanoparticles (APS<100 nm particle size)
were synthesized by using leaf extract of Azadirachta
indica. 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxy-
phenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS), neutral
red dye, 5, 5-dithio-bis-(2-nitrobenzoic acid; DTNB), 2, 7-
dichlorofluorescein diacetate, dimethyl sulfoxide, annexin V
FITC, and propidium iodide were obtained from Sigma-
Aldrich (St. Louis, Missouri, United States). Dulbecco mod-
ified Eagle medium (DMEM), fetal bovine serum (FBS),
and antibiotics were purchased from Gibco (Ireland). All
other chemicals purchased from local suppliers.

Cell Line and Culture

The HEK293 cells were brought from Research Center King
Faisal Specialty Hospital, Riyadh, Saudi Arabia. The HEK293
cells were cultured in DMEM culture medium with FBS (10%)
and 100 U/mL antibiotics in a CO, (5%) incubator at 37°C. At
about 75% confluence, the cells were subcultured into 96-well
plates, 6-well plates, and 25-cm? flasks according to experi-
mental design.

Exposure to Green Platinum Nanoparticles

The HEK293 cells were cultured for 18 hours before expo-
sure to green platinum nanoparticles. The stock suspension
of platinum nanoparticles was prepared by dissolving at a
rate of 1 mg/mL in culture medium and diluted according to
the experimental dosages (20-360 pg/mL). The nanoparticle
was dispersed in suspension by sonication at 40 KHz for
15 minutes at room temperature prior to treatment. The
HEK?293 cells were exposed to N-acetyl cysteine (NAC;
5 mmol/L) for 60 minutes prior cotreatment with or without
green platinum nanoparticles to confirm the intracellular
ROS generation. The control cells were not treated with
green platinum nanoparticles.

Physical Characterization of Green Platinum
Nanoparticles

Transmission Electron Microscopy. The stock solution of green
platinum nanoparticles (1 mg/mL) was prepared in double dis-
tilled water. The maximum concentration of green platinum
nanoparticles exposure (100 pg/mL) was added on to the
carbon-coated copper grid and dried for 24 hours. After drying,
the grid image was snapped at 120 kV using transmission elec-
tron microscope (TEM; JEOL Inc., Tokyo, Japan). We
observed a minimum of 10 sites on the TEM grid.

Dynamical light scattering. The size and zeta potential of nano-
particles in aqueous solution were examined using dynamical
light scattering (DLS; Nano-Zeta Sizer-HT, Malvern, United
Kingdom) as described by Alarifi et al.'> The green platinum
nanoparticle powder was suspended (180 pg/mL) in double
distilled water. The suspension was sonicated at 40 W for 10
minutes using a sonicator. The experiment was performed at
room temperature.

Morphological Analysis of Cells

The HEK293 cells were examined for morphological alteration as
an effect of treatment with green platinum nanoparticles. The
cells were cultured and exposed to various concentrations (0,
20, 60. 180, 360 pg/mL) of green platinum nanoparticles for 6,
24, and 48 hours. The morphology of cells was observed using
an inverted phase-contrast microscope (Nikon Eclipse Ti-S;
Nikon, Japan).
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MTS Assay for Cell Viability

The toxicity of green platinum nanoparticles on HEK293 cells
was examined as described by McGowan et al.'® Briefly,
1x10* cells per well were cultured in culture plate (96 well)
and treated with various doses (0, 20, 60. 180, and 360 pg/mL)
of green platinum nanoparticles for 6, 24, and 48 hours. After
exposure, the culture media were removed from 96-well plates
and 100 pL MTS (Promega Corp, Madison, Wisconsin) was
added. The reagent was added directly to the wells, and cells
incubated at 37°C for a minimum of 2 hours. Assessment of
metabolic activity was recorded as relative colorimetric
changes measured at 492 nm using a microplate reader
(Synergy-HT; BioTek, Winooski, Vermont).

NRU Assay

Different concentrations of green platinum nanoparticle (0, 20,
60. 180, 360 pg/mL) were exposed to HEK293 cells for 6, 24,
and 48 hours. After treatment with nanoparticles, the cells were
rinsed with chilled phosphate-buffered saline (PBS). The cell
culture plates were incubated for 4 hours with NR dye (50 pg/
mL) containing DMEM. The optical density was measured at
540 nm."”

Reactive Oxygen Species

The HEK293 cells (2 x 10* cells/well) were cultured in black
96-well plates for 24 hours and exposed to green platinum
nanoparticles (0, 20, 60. 180, and 360 pg/mL) for 6, 24, and
48 hours. After exposure, the HEK293 cells were incubated
with H2DCF-DA for 35 minutes. After incubation, the fluor-
escence of DCF was determined using microplate spectrofluo-
rometer (Spectra MAX Gemini EM; Molecular Devices)
applying excitation wavelength of 480 nm and emission wave-
length of 530 nm. Generation of ROS was further confirmed by
treatment with NAC (5 mmol/L) as a scavenger.'®

As a parallel experiment, cells (1 x 10° cells/well) in a
6-well transparent plate were examined for intracellular ROS
generation using a fluorescent microscope (Olympus CKX41;
Olympus, Center Valley, Pennsylvania), with images taken at
10x magnification.

Cell Lysate

The cell lysates were prepared from control and nanoparticle-
treated HEK293 cells for observation of reduced glutathione
(GSH) and lipid peroxide (LPO). Concisely, HEK293 cells
were cultured in 25-cm? flask and treated with green platinum
nanoparticles (0, 20, 60. 180, and 360 pg/mL) for 24 and 48
hours. The treated cells were washed with chilled PBS and
scrapped. The scrapped cells were lysed in cell lysis buffer
(1 x 20 mmol/L Tris-HCI, pH 7.5, 150 mmol/L NaCl,
1 mmol/L Na,EDTA, 1% Triton, and 2.5 mmol/L sodium pyr-
ophosphate). After centrifugation (15 000g for 10 minutes at
4°C), the supernatant (cell lysate) was incubated on ice for
further tests. The amount of protein in the cell lysate was

determined by Bradford method'® using bovine serum albumin
as the standard.

Glutathione Assay. The level of GSH was measured using Ellman
method.?® The cell lysate (100 puL) was mixed with 900 pL
TCA (5%) and centrifuged at 3000 g for 10 minutes at 4°C. The
supernatant (500 pnL) was mixed with DTNB (0.01%, 1.5 mL),
and optical density of the mixture was observed at 412 nm. The
quantity of glutathione was represented in (%) percentage
when compared to the control.

Lipid peroxide test. Lipid peroxide level was determined by
measuring the formation of malondialdehyde (MDA) using
the method of Ohkawa et al.>' The cell lysate (100 puL) was
mixed with 1.9 mL sodium phosphate buffer (0.1 mol/L, pH
7.4) and incubated for 60 minutes at 37°C. After incubation,
5% trichloroacetic acid was added and centrifuged at
3000g for 10 minutes at room temperature to obtain a super-
natant. The supernatant was mixed with 1 mL tert-Butyl
alcohol (1%) and put in a water bath at 100°C for 30 min-
utes. The optical density of the cooled mixture was exam-
ined at 532 nm and was converted to MDA and expressed in
terms of percentage when compared to the control.

Rhodamine 123 Staining for Mitochondrial Membrane
Potential

Mitochondrial membrane potential (MMP) was visualized
using Rhodamine 123 fluorescent stain. The HEK293 cells
were treated with green platinum nanoparticles (20, 60, 180,
and 360 pg/mL) for 24 and 48 hours. After treatment, the cells
were incubated with Rhodamine 123 (20 pmol/L; Cayman
chemical) for 40 minutes at 37°C, rinsed, and images were
obtained by fluorescence microscope, and fluorescent inten-
sity of control and treated cells were read by using the micro-
plate reader.??

Damage of Lysosome

The damaged and healthy cell lysosome were traced using
acridine orange (AO) shifting method. The cells were treated
with green platinum nanoparticles (180 and 360 pg/mL) for 24
and 48 hours. Next, the exposed cells were rinsed with ice-cold
PBS and stained with AO (10 pg/mL) for 20 minutes at room
temperature. The image of all exposure concentration and con-
trol cells was taken using fluorescence microscope with green
and red filters.

Assessment of Chromosome Condensation and Caspase
3 Activity

The mutagenic effect of green platinum nanoparticles on
HEK?293 was examined using DAPI staining. The condensed
chromatin body in exposed cells was observed according to
Toné et al method.>® The activity of caspase-3 enzyme was
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examined in HEK293 cells using Cayman Chemical colori-
metric assay Kits.

Quantitative Real-Time Polymerase Chain Reaction
Analysis

The HEK 293 cells were grown in 6-well plates and exposed to
green platinum nanoparticles (180 pg/mL) for 48 hours. Total
RNA was isolated from untreated and treated cells by Qiagen
RNeasy Mini Kit (Valencia, California) according to the man-
ufacturer’s instruction. The quantity of RNA was measured
using a Nanodrop 8000 spectrophotometer (Thermo-
Scientific, Wilmington, Delaware).

Complementary DNA (cDNA) was synthesized from RNA
by the reverse transcription and used M-MLV (Promega, Madi-
son, Wisconsin) and oligo (dT) primers (Promega) as described
in manufacturer’s instructions.

Real-time polymerase chain reaction (RT-PCR) was used
by applying the Quanti Tect SYBR Green PCR kit (Qiagen)
using the ABI PRISM 7900HT Sequence Detection System
(Applied Biosystems, Foster City, California). The template
cDNA (2 pL) was mixed with reaction mixture (20 puL). The
RT-PCR cycle parameters were: 10 minutes at 95°C followed
by 40 cycles involving denaturation at 95°C for 15 seconds,
annealing at 60°C for 20 seconds, and elongation at 72°C for
20 seconds.

The PCR analysis was done using primer sequences of apop-
totic genes such as bax and bcl2, and P actin expression was
used as a control. Gene-specific primer sequences are as
follows:

B-Actin -F-CCAACCGCGAGAAGATGA, R-CCAG
AGGCGTACAGGGATAG

Bax -F-TTCATCCAGGATCGAGCAGG, R-TGAGA
CACTCGCTCAGCTTC

Bcl2-F-TGGACAACCATGACCTTGGACAATCA,

R- TCCATCCTCCACCAGTGTTCCCATC

The selected gene expression was normalized to the B-actin
gene, which was used as an internal housekeeping control.

Alkaline Single-Cell Gel Electrophoresis

Comet assay was used to examine the DNA damaging
potential of green platinum nanoparticles on HEK293 cells
according to Ali et al’s method.”* HEK293 cells (50 000
cells per well) was cultured in 6-well plates and exposed to
different concentrations of green platinum nanoparticles for
24 and 48 hours. On completing the exposure of nanoparti-
cles, the cells were trypsinized and centrifuged at 1200 rpm
for 5 minutes and suspended in cold culture medium.
Twenty thousand cells (15 pL) were mixed with low melt-
ing point agarose (85 pL, 0.5%) and embedded on the pre-
coated agarose slide. After solidification of the slide, it was
immersed in lysis buffer for 24 hours; the next day it was
immersed in alkaline electrophoresis buffer for 20 minutes
for DNA strand unwinding and electrophoresis was done at
300 mA, 16 mV for 30 minutes. After electrophoresis, the
slide was washed using neutralizing solution and stained
with ethidium bromide. The cell image of 50 random cells
(25 from each replicate slide) was analyzed for each experi-
ment. Single-strand breakage was determined as % tail DNA
and olive tail moment using Kamet software 5.1.

Statistical Analysis

The significant value of the present data was analyzed by using
1-way analysis of variance, and the significant and highly sig-
nificant value were fixed at P < .05 and P < .01, respectively.
Data were expressed as the average value of triplicate in inde-
pendent experiment.

Results

Green Platinum Nanoparticles

The nature, size, and shape of green platinum nanoparticles
were examined by TEM and DLS methods. We counted the
mean diameter of 50 green platinum nanoparticles on a
copper grid, and its average size was 24.6 + 3.4 nm.
Figure 1A shows the TEM image of green platinum nano-
particles. The frequency (%) of size scattering of green
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Figure 2. Morphological changes in HEK293 cells exposed to different concentrations of green platinum nanoparticles for 6, 24, and 48 hours.

Scale bar is 50 pum.

platinum nanoparticles is shown in Figure 1B. The aqueous
size of green platinum nanoparticles in distilled water was
160 + 10 nm. The zeta-potential of green platinum nano-
particles in water was —11 mV.

Morphology of HEK293 Cells

After exposure of green platinum nanoparticles, the shape of
HEK293 cell was altered into round shape and detached from
the surface of the flask at higher concentration (180 and 360
pg/mL; Figure 2). We noticed that there are no changes in
lower concentration.

Cytotoxicity. HEK293 cells were treated with different concen-
trations (20-360 pg/mL) of green platinum nanoparticles for 6,
24, and 48 hours, and cell viability was determined by the MTS
and NRU tests. Results of MTS assay indicated that cell via-
bility was found to 99.06%, 96.9%, 98.5% and 88.5% for 6
hours; 95%, 91%, 83.9%, and 70.5% for 24 hours; and 90%),
86%, 68.25%, and 54.15% for 48 hours (Figure 3A). Green
platinum nanoparticles induced cytotoxicity in a concentration-
and time-dependent manner. The results of the NRU assay

were in accordance with the MTS assay (Figure 3B). The cor-
relation of cytotoxicity of green platinum nanoparticles with
MTS and NRU assays is shown in Figure 3C.

Oxidative Stress. Generation of ROS in HEK293 cells after
exposure to green platinum nanoparticles was increased in
a concentration- and time-dependent manner (Figure 4A and
B). Maximum ROS generation was observed at 360 pg/mL,
and it was increased by 122% compared to control for 48
hours. Fluorescent microscopy result showed that the
HEK?293 cells exposed to green platinum nanoparticles
(360 pg/ml) expressed high intensity of green fluorescent
DCF (an indicator of ROS generation) in comparison to
control (Figure 4A). The production of ROS in HEK293
cells treated with green platinum nanoparticles at 360 pg/
mL was 13%, 50%, and 48% in the presence of NAC (5
mmol/L) for 6-, 24-, and 48-hour exposure periods, respec-
tively (Figure 4A and B).

Ayala et al*® reported that high quantity of free radicals or
ROS can inflict direct damage to lipids. The MDA quantity,
which is an end product of lipid peroxide, was increased
significantly, and the level of GSH was declined in a
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concentration- and time-dependent manner in cells treated with
green platinum nanoparticles (Figure SA and B).

Mitochondrial membrane potential and damage of lysosome
membrane. Mitochondrial membrane potential was assessed
by a Rhodamine 123 staining method based on the principle
of development of fluorescent intensity. Some researchers
reported that MMP declined in apoptotic and necrotic cells.”®
Untreated cells expressed deep red fluorescence which indi-
cates normal MMP (Figure 6A and B). The cells treated with
180 and 360 pg/mL of green platinum nanoparticles had
declined MMP, and decline in red fluorescence indicates loss
of MMP (Figure 6 C-F).

The effect of green platinum nanoparticles on cell organelle
lysosome was observed using AO dye, and it exhibited red
fluorescence to the healthy lysosome (highly acidic pH) as
observed in control. Green platinum nanoparticle-exposed
HEK293 cells produced fragmentation of lysosome membrane
(lower acidic pH). As a consequence, the AO dye leaked out in
the cytoplasm, red fluorescence merged with green fluores-
cence, and formed an orange fluorescence, which is a charac-
teristic of damaged lysosome (Figure 6 G-I). Thus, these
findings indicate decline in MMP and lysosome in HEK293

cells due to treatment with green platinum nanoparticles, and as
a consequence cytotoxicity occurred in HEK293 cells.

Apoptosis. The untreated cells showed intact nucleus with blue
fluorescence, but apoptotic cells have fragmented chromatin
with high blue intensity. Green platinum treatment induced
maximum apoptotic cells when compared to control (Figure
7A).

Caspase 3 enzymes are hallmark of apoptosis, and it was
significantly increased in green platinum nanoparticles-treated
cells. The activity of the caspase-3 enzyme has significantly
increased in a dose- and time-dependent manner (Figure 7B).

Further, we examined the expression of apoptotic genes Bax
and Bcl2 (Figure 8). The expressed apoptotic gene Bax was
upregulated (Figure 8A) and Bcl2 was downregulated (Figure
8B). Our finding indicate that Bcl2 gene plays an important
role in apoptosis of HEK293 cells.

DNA damage. The genotoxic potential of green platinum nano-
particles in HEK293 cells was examined by comet assay. The
cells treated with various concentrations of nanoparticles
expressed significant DNA damage compared to untreated cells
(Figure 9 A-D). In nanoparticles-treated cells, the percentage
of tail DNA was 36% compared to control (4.6%). Also, the
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maximum olive tail moment (8.05 AU) was observed in
nanoparticle-treated cells compared to control (0.34 AU).

Discussion

The fast progress in nanotechnology and the possible discharge
of nanoparticles and their ions into the environment have
drawn considerable attention. Herbal plants are an important
part of the ecosystem, and the correlation between nanoparti-
cles and plants is the obligatory part of the risk assessment.
Nowadays nanomaterials are applied in the industry due to
their unique physicochemical properties. Platinum nanoparti-
cles are used in drugs, for example, cisplatin. Bendale et al*’
have reported that cisplatin was restricted as it induces nephro-
toxicity, neurotoxicity, ototoxicity, and myelosuppression and
due to the intrinsic and acquired resistance developed by var-
ious cancers. The design of nanoparticles size, shape, and sur-
face chemistry has a significant effect on their functions. The
size and shape are the basic properties of the nanoparticles
which are important for their biological activities. Most nano-
particles are sphere-shaped. Before the exposure to green

platinum nanoparticles, we characterized the shape through
TEM and DLS. The size of nanoparticles was bigger when
observed through DLS compared to TEM. The difference is
attributed to solvent. Nanoparticles cause harmful effect due to
surface chemistry, size, and shape.”®

In this study, we determined the cytotoxic potential of
green platinum nanoparticle on HEK293 using MTS and NRU
assays. Lobo et al*’ have reported that more active hydroxyl
radical outbreak in components of cells, for example, lipid,
proteins, DNA, induced the oxidative effect. In this experi-
ment, green platinum nanoparticles increased DNA tail length
and olive tail moment in single-cell gel electrophoresis, which
determines DNA strand breakage as alkali labile site.>® For-
mation of MDA as a product of LPO in HEK293 cells due to
green platinum nanoparticles treatment was observed by LPO
assay. On the other hand, excess ROS generation was due to
the green platinum nanoparticle, and as a consequence oxida-
tive damage and apoptosis occurred.>’ Generation of ROS,
decline in GSH and LPO, and DNA damage are due to the
green platinum nanoparticle in cells, leading to damage of
cellular component. Mohammadi et al*? reported that
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Figure 8. Quantitative real-time polymerase chain reaction (PCR)
analysis of messenger RNA (mRNA) levels of apoptotic genes in
HEK293 cells exposed green platinum nanoparticles for 24 and
48 hours. The expression of (A) Bax and (B) Bcl2. Results are
expressed average x SE of triplicate experiments.

platinum nanoparticles induced cytotoxicity and apoptosis via
generation of ROS in MCF-7 and HepG2 cells. But the role of
ROS generation in green platinum nanoparticle-induced cyto-
toxicity in HEK293 cells is unclear. The generation of ROS
occurred in a concentration and time-dependent manner as
presented in Figure 4 and may be the reason for cell death.
To determine the probable cause of nanoparticle-induced cell
death, we examined the alteration in different biomarkers
involved in apoptosis.

Susin et al** suggested that mitochondria play an important
role in apoptosis, and compromise of mitochondrial integrity
may be prevented by various biomarkers of apoptosis. Oxida-
tive stress leads to activation of caspase enzymes via involve-
ment of cytochrome C in the intermembrane space into the
cytoplasm.*® In the present study green platinum nanoparticles
induced loss of MMP. Finucane et al*> have reported that bcl-2
inhibits the opening of mitochondrial membrane pores, while
Bax leads to the opening of membrane pores during apoptosis.
In this study, we found compromise in MMP due to green
platinum nanoparticles as a consequence of upregulation of
Bax and downregulation of bcl2. Our results show caspase-3
activity was increased in a time- and dose-dependent manner.
Marullo et al*® have reported that mitochondria are important
cell organelles for cisplatin production and ROS generation.
This put forward that platinum initiates the intrinsic pathway
of apoptosis, which is mediated by the up- and downregulation
of Bax and bcl2 expression from mitochondria.
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In conclusion, green platinum nanoparticles induced oxida-
tive stress, and reducing the level of GSH lead to damage of the
cell components of HEK293 cells. Green platinum nanoparti-
cles compromise apoptosis via mitochondrial- and caspase-3-
dependent manner in HEK293 cells.
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