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1 | INTRODUCTION

Today, nanotechnology is one of the most significant technologies in
science. Nanoparticles (NPs) have scales similar to biological mole-
cules, which mean they can directly affect biological systems. There-

fore, NPs are extensively applied in drug development and biomedical
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Abstract

Platinum nanoparticles (PtNPs) attract much attention due to their excellent biocom-
patibility and catalytic properties, but their toxic effects on normal (CHANG) and can-
cerous (HuH-7) human liver cells are meagre. The cytotoxic and apoptotic effects of
PtNPs (average size, 3 nm) were determined in CHANG and HuH-7 cells. After
treating these cells were with PtNPs (10, 50, 100, 200, and 300 pg/mL) for 24 and
48 hours, we observed dose- and time-dependent cytotoxicity, as evaluated by using
(3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide, a tetrazole) (MTT)
and neutral red uptake (NRU) assays. The production of reactive oxygen species
(ROS) was increased in both cells after treatment with the above dose of PtNPs for
24 and 48 hours. Determination of morphological changes of cells, chromosome con-
densation, mitochondrial membrane potential, and caspase-3 assays showed that
PtNPs induce cytotoxicity and apoptosis in CHANG and HuH-7 cells by altering the
cell morphology and density, increasing cell population in apoptosis, and causing
chromosome condensation. Furthermore, we have studied fragmentation of DNA
using alkaline single cell gel electrophoresis and expression of apoptotic genes by
real-time PCR (RT-PCR). The percentage of DNA fragmentation was more at 300 pg/
mL for 48 hours in both cells, but slightly more fragmentation was found in HuH-7
relative to CHANG cells. Considering all of the above parameters, PtNPs elicited
cytotoxicity on CHANG and HuH-7 cells by blocking cell proliferation and inducing
apoptosis. Thus this study may be useful in in vitro laboratory studies using cell lines

for screening the genotoxic and apoptotic potential of nanoparticles.
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health sciences. Pedone et al? reported platinum NPs (PtNPs) have
intrinsic catalytic properties and effectively quench the intracellular
reactive oxygen species (ROS) within cells. Also, Gurunathan et al®
reported PtNPs induced apoptotic properties of doxorubicin and gen-
eration of ROS in osteosarcoma cells. Shiny et al* and Yoshihisa et al®

reported on the use of PtNPs as synthetic enzymes in health science.

Environmental Toxicology. 2020;1-12.
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The physicochemical properties of PtNPs, such as surface area, shape,
and size, control their biological activities and, ultimately affect their
toxicity.® All of these factors influence the delivery of NPs and their
toxicological profiles, often activating unexpected apoptotic reactions
and thereby increasing the contradiction of some results. The
response of the apoptotic system to PtNPs has been poorly investi-
gated. Here we investigate the toxicity of PtNPs on normal and can-
cerous human liver cell lines.

NPs are internalized into different organelles of exposed cells in a
pH-dependent manner. Paraskar et al” suggested that NPs could be
used as antitumour agents in a 4 T1 breast cancer model. Apoptosis,
autophagy, necroptosis, aponecrosis, pyroptosis, and necrosis are
major cell death mechanisms.? Ksiazyk et al® reported the toxic effects
of silver and platinum NPs on the freshwater microalga
Pseudokirchneriella subcapitata. It has been hypothesized that NPs dis-
order and impair cell functions via multiple mechanisms.*® NPs have
some ions or toxic materials that indirectly or directly affect living cells
via the production of ROS. Some researchers reported that cell toxic-
ity occurs due to ROS-generating environmental pollutants and
NPs.1112 VVerma et al'® reported that NPs cross or adhere to biological
membranes and induce cellular damage.

The generation of more ROS provokes fragmentation of nuclear
molecules, damage to the cellular macromolecules, and apoptosis.
Thus, in this study, we evaluated the toxic and apoptotic potential of
PtNPs on normal and cancerous human liver cells.

2 | MATERIALS AND METHODS

21 | Chemical and reagents

Platinum NPs (PtNPs, average particle size <3 nm particle size, stock
#:7801) were purchased from US Research Nanomaterials, Inc. Antibi-
otic antimycotic solution (cat no. A5955) (Sigma-Aldrich Chemie
GmbH, Taufkirchen, Germany), MTT (1-[4,5-dimethylthiazol-2-yl]-
3,5-diphenylformazan, thiazolyl blue formazan), Neutral red dye
(NRU), 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB), 2'.7'-
dichlorodihydrofluorescein diacetate (H2DCFDA), dimethyl sulfoxide
(DMSO), Annexin V, FITC, and propidium iodide (Pl) were obtained
from Sigma-Aldrich. Culture media (DMEM), fetal bovine serum (FBS),
and antibiotics were bought from Gibco (Manassas, Virginia 20110).

2.2 | Cell culture

Human normal (CHANG) and cancer (HuH-7) liver cells were pur-
chased from American Type Culture Collection (ATCC) (Manassas, Vir-
ginia 20110). CHANG and HuH-7 cells were grown in culture medium
containing FBS (10%) and antibiotic-antimycotic solution (10 000 U/
mL, [1%]) in a CO, (5%) incubator at 37°C. After reaching 80% conflu-
ence, cells were recultured into 96-well plates, 6-well plates, or

25 cm? flasks according to our experiments.

2.3 | Exposure to PtNPs

CHANG and HuH-7 cells were grown for 24 hours before treating
with PtNPs. A suspension (1 mg/mL) of PtNPs was prepared in culture
medium and diluted to our experimental concentrations (10, 50,
100, 200, and 300 pg/mL). NP dispersion was done using a sonicator
(Qsonica 500 New York) at 40 kHz for 15 minutes at room tempera-
ture before proceeding to exposure. The control cells were not
exposed to PtNPs.

24 | Physical characterization of PtNPs

241 | Transmission electron microscopy (TEM)

An original suspension of PtNPs (1 mg/mL) was made in double-
distilled water. The carbon-coated copper grid was dipped into the
suspension of the highest dose of PtNPs (300 pg/mL) solution and
was dried for 24 hours. After drying the grid, the photomicrograph of
NPs was taken using a TEM (JEOL Inc., Tokyo, Japan) at 120 kV. We
have counted 20 areas of the TEM grid.

2.4.2 | Dynamic light scattering (DLS)

The hydrodynamic size and zeta potential of PtNPs in water suspen-
sion were measured using dynamical light scattering (DLS, Nano-Zeta
Sizer-HT, Malvern, UK), as described by Alarifi et al method.** The
PtNPs powder (300 pg) was mixed in per mL of double distilled water
and the culture media and sonicated at 40 W for 10 minutes by
sonicator (Qsonica 500 New York).

25 |
cells

Morphological study of CHANG and HuH-7

The cells were exposed to different concentrations of NPs (10, 50,
100, 200, and 300 pg/mL) for 48 hours. The effects of PtNPs on the
morphology of CHANG and HuH-7 cells were assessed under an

inverted phase-contrast microscope (Nikon Eclipse Ti-S Japan).

2.6 | MTT assay

The cytotoxic effect of PtNPs (10, 50, 100, 200, and 300 pg/mL) on
both cell types were determined using the MTT assay, as described by
AlKahtane et al method.*” Briefly, 1 x 10* cells/well were plated in a
culture plate (96 well) and exposed to PtNPs for 48 hours. The media
was discarded from the 96-well plates, and 100 pL MTT (5 mg/mL)
solution per well was added and incubated for 4 hours at 37°C. After
incubation, the culture plates were rinsed with cold phosphate buffer

saline (PBS) and formazan crystal dissolved in dimethylsulphoxide, and
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the optical density (OD) was measured at 570 nm using a microplate
reader (Synergy-HT; BioTek, Winooski, Vermont).

2.7 | NRU test

The NRU test was done according to the Borenfreund and
Puerner'® method to confirm the toxic effect of PtNPs (10, 50,
100, 200, and 300 pg/mL) on both cell types. After exposure to
PtNPs, the cells were cleaned with chilled saline buffer, and neutral
red dye was added (100 uL with DMEM for 4 hours), and after

TABLE 1  List of primer with sequences

Genes Primer sequences (5’ to 3')

Bax F-5'-ATGTTTTCTGACGGCAACTTC-3’
R-5'-AGTCCAATGTCCAGCCCAT-3

Bcl-2 F-5'-ATGTGTGTGGAGACCGTCAA-3'
R-5'-GCCGTACAGTTCCACAAAGG-3'

Caspase-3 F-5'-TGTTTGTGTGCTTCTGAGCC-3
R-5'-CACGCCATGTCATCATCAAC-3

GAPDH F-5'-GACTTCAACAGCGACACCCACTCC-3'

R-5-AGGTCCACCACCCTGTTGCTGTAG-3'

Abbreviations: F, forward; R, reverse.

incubation, the cells were washed with fixative and simultaneously
dye extractor solution. The OD was taken at 540 nm using a
spectrophotometer.

2.8 | Reactive oxygen species

The generation of ROS in both cells due to PtNPs (10, 50,
100, 200, and 300 pg/mL) was done using H2DCFDA according to

methods described by Almeer et al.}” Both cells were cultured
(2 x 10* cells/well) in 96-well black plates for 20 hours and then

Gen bank accession number PCR product size (bp)
NM_004324 133
NM_000633 141
NC_000004.12 210
NM_002046 125
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FIGURE 1 A The image of platinum nanoparticles taken by transmission electron microscopy (JEOL Inc. Tokyo, Japan). B, Percentage
frequency of size of platinum nanoparticles distribution. C, Distance among two platinum nanoparticles. D, Hydrodynamic size of platinum
nanoparticles [Color figure can be viewed at wileyonlinelibrary.com]
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treated with NPs for 24 and 48 hours. H2DCFDA (20 pM) was
added to the cells for 30 minutes. After incubation, the culture
plate was washed with chilled PBS and the fluorescence of dic-
hlorofluorescein was evaluated using a plate reader (Spectra MAX
Gemini EM, Molecular Devices) at 480 nm excitation and 530 nm
emissions.

For qualitative analysis of ROS generation in both cells due to
NPs, we have simultaneously set-up another experiment in a 6-well
transparent plate (1 x 10° cells/well) and intracellular ROS generation
was monitored using a fluorescent microscope (Olympus CKX41;
Olympus: Center Valley, Pennsylvania), with images taken at x10
magnification.

29 | Celllysate

PtNPs (10, 50, 100, 200, and 300 pg/mL) exposed and
nonexposed CHANG and HuH-7 cells were rinsed with PBS and
collected in an Eppendorf tube through scraping. Lysis buffer was
mixed in scrapped cells and centrifuged at 13 000 rpm for
15 minutes at 4°C, and the supernatant (cell lysate) was put on ice
for further tests for reduced glutathione (GSH), lipid peroxide
(LPO), and catalase.

The quantity of total protein in the cell lysate was evaluated by
the Bradford method?® using bovine serum albumin as the standard.

29.1 | GSH test

The GSH content was evaluated according to Ellman's method.'? Cell
lysate (100 pL) was added to trichloroacetic acid (TCA) (5%, TCA
900 plL) and centrifuged at 3000g for 10 minutes at 4°C. Again, 500 uL
of supernatant was added to DTNB (0.01%, 1.5 mL), and the OD of the
mixture was observed at 412 nm. The quantity of GSH was represen-
ted as a n mole/mg protein.

292 | LPOtest

LPO was measured according to the Ohkawa et al method.?® Briefly,
1.9 mL PBS (0.1 M, pH 7.4) was added to 100 pL cell lysate and left at
37°C for 60 minutes. After 60 minutes, TCA (5%) was added, and the mix-
ture centrifuged at 3000 rpm for 15 minutes at room temperature. The
supernatant was mixed with thiobarbituric acid (1%, 1 mL) and incubated
in a water bath at 100°C for 30 minutes. A pink color developed and the
OD was measured at 532 nm and expressed as n mol MDA/mg protein.

FIGURE 2 Morphological changes in CHANG and HuH-7 cells exposed to different concentrations of PtNPs for 24 ad 48 hours. A, Control CHANG
cells in 24 hours. B, CHANG cells at 50 pg/mL in 24 hours. C, CHANG cells at 200 pg/mL in 24 hours. D, CHANG cells at 300 pg/mL in 24 hours. E,
Control CHANG cells in 48 hours. F, CHANG cells at 50 pg/mL in 48 hours. G, CHANG cells at 200 pg/mL in 48 hours. H, CHANG cells at 300 pg/mL in
48 hours. I, Control HuH-7 cells in 24 hours. J, HuH-7 cells at 50 pg/mL in 24 hours. K, HuH-7 cells at 200 pg/mL in 24 hours. L, HuH-7 cells at 300 pg/
mL in 24 hours. M, Control HuH-7 cells in 48 hours. N, HuH-7 cells at 50 pg/mL in 48 hours. O, HuH-7 cells at 200 pg/mL in 48 hours. P, HuH-7 cells at
300 pg/mL in 48 hours. Scale bars are 100 pm. Arrow indicates damaged cells [Color figure can be viewed at wileyonlinelibrary.com]
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29.3 | Catalase
Catalase was evaluated in both cells using Cayman chemical kits (ltem
no. 707002) according to the manufacturer's instructions. The quantity

of catalase was represented as a Unit/mg protein.

210 | Mitochondrial membrane potential (MMP)

JC-1 fluorescent staining was used to detect the level of change in the
MMP of CHANG and HuH-7 cells. The cells were exposed to the PtNPs
(200 and 300 pg/mL) for 24 and 48 hours. After exposure for the speci-
fied duration, the cells were rinsed, and JC-1 (5 pM, Cayman chemical)
was added for 30 minutes at 37°C. A parallel experiment was carried out
to determine the J-aggregate and J-monomer ratios. Both cell lines were
seeded in a black 96-well plate and incubated with different concentra-
tions of PtNPs (10, 50, 100, 200, or 300 pg/mL) for 24 and 48 hours.
After incubation, the fluorescence of the J-aggregates and J-monomers
was evaluated using a fluorescence microplate reader (Spectra MAX
Gemini EM, Molecular Devices) at 530/590 nm (excitation wavelength/

100

Cell viability (%)
g

40

Control

FIGURE 3 Cytotoxicity of
platinum nanoparticles on CHANG
and HuH-7 cells for 24 and 48 hours
as determined by A, MTT tests and B,
NRU tests. Each value represents the 20
mean * SE of three experiments.

n =3, *P < .05 vs control. Arrow

indicates high generation of

intracellular ROS in cells [Color figure

can be viewed at

wileyonlinelibrary.com]
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emission wavelength) for the J-aggregates and 480/528 nm (excitation

wavelength/emission wavelength) for the J-monomers.

2.11 | Evaluation of caspase-3 activity and
chromosome condensation

The effect of PtNPs (10, 50, 100, 200, or 300 pg/mL) on the caspase-3
activity in CHANG and HuH-7 cells were evaluated using a colorimetric
kit (Cayman Chemical) according to the manufacturer's instructions.
The condensation of the chromosomes after treatment with PtNPs
(200 or 300 pg/mL) for 24 and 48 hours in both cell lines was observed by
Hoechst 33342 staining. Fragmented chromosomes were observed in both

of the treated cell lines according to the method described in Alarifi et al.2

2.12 | Alkaline single-cell gel electrophoresis

DNA damage in both CHANG and HuH-7 cells was determined using a

single-cell gel test, according to Ali et al.2? After electrophoresis, the slide

=24 h CHANG celis
=48 h CHANG celis
=24 h HuM-7 cells

=48 h MuM-2 cells

=48 h CHANG celis
w24 h HuM-7 cells

w48 h HuH-7 cells

SO pg/ml 100 ug/ml 200 ug/mli 300 ug/mli
Concentration of PtNPs
(A)
.
SOug/m!  100ug/ml 200ug/ml  300ug/ml
Concentration of PtNPs
(B)
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was rinsed with neutralization buffer and stained with ethidium bromide.
We have screened 50 random cells (25 from each replicate slide) for each
experiment. Single-strand breakage was determined as the proportion of
tail DNA and the olive tail moment (OTM) using the Komet software.

213 |
analysis

RNA isolation, cDNA synthesis, and RNA

RNA was isolated using an RNeasy Mini Kit (Cat No. /ID: 74104). The
purity and concentration of RNA were measured using a Nanodrop
(DS-11; Bio-Rad Laboratories Inc., Hercules, California). The purity of
RNA (A260/A280 ratio) sample was ~2. We have synthesized cDNA
from RNA (250 ng) using a cDNA reverse transcription kit (Revert Aid
First Strand cDNA Synthesis Kit; Thermo Fisher Scientific). Analysis of
Bax, Bcl-2, and caspase-3 mRNA levels was done by RT-PCR
(PE Applied Biosystems, Foster City, California). The primer sequences
targeting apoptotic genes are listed in Table 1. The RT-PCR parame-
ters were: 5 minutes at 95°C for initial denaturing, followed by
30 cycles, 10 seconds at 95°C, and 1 minute at 50°C. The cycle

200 ppmd PXNPs+ CHANG calls 24 b

threshold (Ct) values were standardized to the housekeeping gene
(GAPDH), and data were analyzed using the comparative the AACt
d23

metho and the expression of target genes was normalized to

GAPDH. Each experiment was performed with three replicates.

214 | Statistical analysis
The present data were analyzed by one-way analysis of variance
(ANOVA), and the significant value was set at P < .05.

3 | RESULTS

3.1 | Characterization of PtNPs

The size, surface area, and structure of NPs were examined by high-
resolution transmission electron microscope (HR-TEM) and DLS
methods. We have counted 100 separate NPs for size determination.
The average size of 100 PtNPs was 6.30 + 2.4 nm. Figure 1A shows a

“ootrol CHANG cells 485

200 pgmd PINPs~ HoH.7 cel

9

—pe 24 h HUM-T Celis

= 48 h MuM-7 cells

< -
i 24 h CHANG cells
> 20
= w———— 48 h CHANG celis
- is
-~
= 110
=
3 i0s
=
£ 100
95

Contro SO ug/m

B)

10 ug/m
PNPs Concentration

FIGURE 4

100 ug/mi 200 ug/m! 300ug/m

Intracellular ROS generation after exposure to PtNPs. A, The fluorescence image CHANG and HuH-7 cells treated with 200 pg/

mL and 300 pg/mL nanoparticles for 24 and 48 hours and stained with DCFHDA. B, %ROS production due to platinum nanoparticle in image
CHANG and HuH-7 cells. Each value represents the mean + SE of three experiments. *P < .05 [Color figure can be viewed at

wileyonlinelibrary.com]
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TEM image of the PtNPs. The average size frequency (%) of the PtNPs
is presented in Figure 1B. Figure 1C shows the distance among two
platinum NPs in suspension. The hydrodynamic size of PtNPs was
58.53 nm, and the zeta potential was —8.6 mV.

3.2 | Morphology of CHANG and HuH-7 cells

After exposure to PtNPs, the morphology of CHANG and HuH-7 cells
were changed, and most of the cells became fragmented and spherical
and left the surface of the culture flask in a dose- and time-dependent
manner (Figure 2).

3.3 | Cell viability

The cell viability of CHANG and HuH-7 cells after exposure to PtNPs
was determined by MTT and NRU assays. We have found 90.45%,
85.71%, 59.52%, 26.19%, and 23.91% in 24 hours and 86.71%,
80.42%, 63.60%, 27.90%, and 8.31% in 48 hours cell viability of
CHANG cells after exposure of different concentration of PtNPs
(Figure 3A). Also, the results of cell viability were 81.0%, 68.62%,
50.2%, 34.68%, and 16.24% in 24 hours and 84.32%, 76.73%,
65.79%, 41.52%, and 4.78% in 48 hours for HuH-7 cells (Figure 3A).
We have observed that the cytotoxic effects of PtNPs on both cell

types are dose- and time-dependent. The findings of the NRU assay
were in line with the MTT assay results (Figure 3B).

3.4 | ROS generation activity and oxidative stress
PtNPs induced intracellular ROS in both cells in a time- and dose-
dependent manner (Figure 4A,B). The maximum production of intracellu-
lar ROS was +168% (relative to the control) in CHANG cells at 300 pg/
mL PtNPs for 48 hours. It is noteworthy that PtNPs induced more intra-
cellular ROS generation in CHANG cells than HuH-7 cells (Figure 4A,B).

The CHANG and HuH-7 cells showed a higher intensity of dic-
hlorofluorescein (as green fluorescence, a marker of intracellular ROS
generation) compared to the control when exposed to 300 pg/mL
PtNPs for 48 hours (Figure 4B).

Nita and Grzybowski?* reported that mitochondrial DNA molecules
were broken and repaired by ROS. The ratio of MDA, which is a target prod-
uct of LPO, was significantly increased, but GSH and catalase levels were
reduced at a higher dose of PtNPs (300 ug/mL) for 48 hours (Figure 5A-C).

3.5 | Determination of MMP

Loss of MMP in CHANG and HuH-7 cells was measured using the
JC-1 staining method, and the maximum loss of MMP was recorded

w
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FIGURE 5 A, Percentage increase of GSH. B, percentage increase of LPO. C, level of catalase after exposure to platinum nanoparticles for
24 hours and 48 hours. Each value represents the mean + SE of three experiments. *P < .05 vs control [Color figure can be viewed at

wileyonlinelibrary.com]
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Images representing MMP loss in CHANG and HuH-7 cells after platinum nanoparticles exposure at concentration of 300 pg/mL

for 24 and 48 hours. A, MMP loss in CHANG cells. B, MMP loss in HuH-7 cells. C, Change in MMP in CHANG cells. D, Change in MMP in HuH-7
cells. Each value represents the mean * SE of three experiments. *P<.05 vs control. Arrow indicates loss of MMP in cells [Color figure can be

viewed at wileyonlinelibrary.com]

at a higher concentration of PtNPs. Hirsch et al?®> have reported that
the mitochondrial permeability of apoptotic and necrotic cells is com-
promised due to oxidative stress. The strong MMP was found in both
control cells as JC-1 dye penetrate to cells and produced J-aggregates,
with deep red fluorescence. But both cells at 300 pg/mL PtNPs expo-
sure decreased their MMP and did not incorporate JC-1 stain
(Figure 6A-D).

3.6 | Chromosome condensation and caspase-3

level

After treatment with PtNPs, the apoptotic and necrotic effects of
NPs on both cells were observed using chromosome condensation
and caspase-3 activities. The nucleus of control cells remained intact
and emitted blue fluorescence, whereas cells exposed to PtNPs had
fragmented nuclear materials with intense blue fluorescence
(Figure 7A).

The activity of caspase-3 (trademark of apoptosis) is increased in

NP-treated cells compared to the control (Figure 7B,C). Caspase-3

activity was increased (in a dose-dependent manner) in CHANG and
HuH-7 cells due to PtNPs treatment (Figure 7B,C).

3.7 | DNA damage

DNA fragmentation due to treatment with PtNPs in both cells was
determined using the comet test. The cells showed more DNA dam-
age as the PtNPs concentration and time of treatment were increased
(Figure 8). In CHANG and HuH-7 cells exposed to PtNPs, the DNA tail
length was 33 pm longer than in the control.

3.8 | Expression of apoptotic genes

We have screened some apoptosis-related genes (Bax, Bcl2, and
caspase-3) by RT-PCR. The preapoptotic Bax gene was up-regulated
in CHANG cells in 24 hours (Figure 9A) and was up-regulated in
24 hours for HuH-cells and 48 hours for CHANG and HuH-7 cells

(Figure 9B-D). However, Bcl2 was significantly down-regulated at all
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FIGURE 7 A, Chromosomal condensation and B, Induction of caspase-3 activity in CHANG cells after exposure to platinum nanoparticles for
24 hours and 48 hours C, Induction of caspase-3 activity in HUh-7 cells after exposure to platinum nanoparticles for 24 hours and 48 hours. Each
value represents the mean + SE of three experiments.*P<.05 vs control [Color figure can be viewed at wileyonlinelibrary.com]

concentrations and time points except at 100 pg/mL for 48 hours
(Figure 9A-D). The caspase 3 gene was up-regulated after exposure to
PtNPs for 24 and 48 hours (Figure 9A-D).

4 | DISCUSSION

Currently, nanotechnology is a broad field of science and is more ben-
eficial to human life. Since nanosized particles are more biocompatible
than conservative therapeutic agents, an important research goal is to
improve the bioavailability and biocompatibility of NPs for therapeutic
applications in diseases such as cancer.2® Therefore, in this study, we
evaluated the cytotoxicity and apoptotic effects of platinum NPs
(PtNPs) using normal and cancerous liver cell lines to determine their
toxicity under in vitro conditions. In this experiment, we used 3-nm
PtNPs (as reported by the supplier); however, after being suspended
in culture media, the resulting size of the PtNPs was larger than its
original size as determined by TEM and DLS. The mean particle sizes
and size distribution of the NPs (measured by DLS) were enhanced
when measured in aqueous media compared to measurements in the
dry phase (by TEM). Krishnamoorthy?” and Petosa et al,?® reported
that NPs—due to their high specific surface area and high surface

energy have the propensity to aggregate together to form microsized
particles that are more stable in the environment.

In this study, we observed that PtNPs are more effective in
HuH-7 cells than in CHANG cells. We found that PtNPs induced more
cell death in HuH-7 cells. In contrast, a small cytotoxic effect was
observed in normal liver cells with PtNPs at a concentration of
300 pg/mL, suggesting that the cytotoxic effect on the liver cancer
cell line was due to the PtNPs. PtNPs induced greater cytotoxicity in
the HuH-7 cell line, and thus, the HuH-7 cell line was selected to
determine the mode of action and anticancer potential of the PtNPs.

The biosafety and biocompatibility of any biomaterial are vital
concerns that should be addressed before the biomaterials are applied
to biological systems. Mironava et al?’ reported that platinum folate
NPs are more cytotoxic to cancerous keratinocytes SCC12B and
SCC13 than to normal keratinocytes, the normal breast cell line
MCF10A and the cancerous breast cell line MCF7. Thus, the findings
of this study were consistent with the findings of Mironava et al.?’
Bendale et al*° reported that PtNPs (100 pg/mL) did not induce toxic
effects in normal peripheral blood mononucleocytes.

We measured the cytotoxic effect of PtNPs in CHANG and
HuH-7 cells by applying the MTT and NRU tests. The free radicals
that are produced intracellularly affect cell organelles and cellular
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substances, such as carbohydrates, fats, proteins, and DNA mole-
cules.3! PtNPs increased caspase-3 activity and the number of frag-
mented chromatins in these cells.

However, PtNPs cause intracellular ROS production, which
results in oxidative damage and apoptosis.3? In both cell lines, PtNPs
generated ROS, decreased GSH, increased lipid peroxides, and dam-
aged DNA, which led to damage to the cellular components of the
cells. To determine the mechanism behind PtNPs-induced cell death,
we examined the alterations of different biomarkers involved in apo-
ptosis. Susin et al®® suggested that mitochondria plays an important
role in apoptosis and that the disintegration of mitochondrial integrity
might be prevented by various biomarkers of apoptosis. Oxidative
stress leads to the activation of caspase enzymes in the cytoplasm via
the involvement of cytochrome-c in the intermembrane space.®*

We have observed that cell toxicity after treatment with PtNPs in both
cell lines occurs through apoptosis and necrosis. Our results are in line with

the finding of Almeer et al 7

using green platinum NPs for human embry-
onic kidney cells. The sensitivity of different cells to NP exposure has been
reported by many researchers.3>3 It is well established that necrosis is
usually related to the loss of lysosomal membrane integrity,3” while apo-
ptosis is caused by caspase activation, calcium overload, or death-inducing
signals.>®%? Therefore, the mechanism of PtNPs and the subsequent cyto-
toxic process in this experiment seems to be cell line specific. This result

might be further employed for anticancer drug formulations.

5 | CONCLUSION

Based on the above findings, we conclude that PtNPs induced cyto-
toxic and apoptotic activity against normal and cancerous liver cells
but that the cancerous cells are more susceptible to the PtNP effects
than normal cells. Based on our observations, we suggest that PtNPs
represent an emerging novel therapeutic agent for the treatment of
human liver cancer with little cytotoxicity towards normal cells. Fur-
ther studies are needed to support our observations of the antitumor
potential of these platinum NPs in vivo.
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