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A B S T R A C T   

The aim of this study was to prepare, characterize, and determine the in vitro anticancer effects of platinum- 
doped magnesia (Pt/MgO) nanoparticles. The chemical compositions, functional groups, and size of nano
particles were determined using X-ray diffraction, Fourier transform infrared spectroscopy, energy dispersive X- 
ray spectroscopy, transmission electron microscopy, and scanning electron microscopy. Pt/MgO nanoparticles 
were cuboid and in the nanosize range of 30–50 nm. The cytotoxicity of Pt/MgO nanoparticles was determined 
via the 3-(4,5-dimethylthiazol-2-yl)− 2,5-diphenyltetrazolium bromide assay on the human lung and colonic 
cancer cells (A549 and HT29 respectively) and normal human lung and colonic fibroblasts cells (MRC-5 and 
CCD-18Co repectively). The Pt/MgO nanoparticles were relatively innocuous to normal cells. Pt/MgO nano
particles downregulated Bcl-2 and upregulated Bax and p53 tumor suppressor proteins in the cancer cells. Pt/ 
MgO nanoparticles also induced production of reactive oxygen species, decreased cellular glutathione level, and 
increased lipid peroxidation. Thus, the anticancer effects of Pt/MgO nanoparticles were attributed to the in
duction of oxidative stress and apoptosis. The study showed the potential of Pt/MgO nanoparticles as an anti- 
cancer compound.   

1. Introduction 

Metal-containing drugs can modify cellular reactions through the 

production of reactive oxygen species (ROS) [1,2]. Metallic elements 
have unique biological properties that are attributed to their ability to 
easily lose electrons and produce soluble cations in biological fluids 
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while serving as charged vehicles in cellular and body mechanisms 
[3–6]. These metallic elements may combine with biological molecules 
e.g. nucleic acids and proteins [7,8] for the maintenance of homeostasis. 
Positively charged metal ions can also facilitate catalysis through the 
control of electron flow in enzymes and substrates [9–13]. 

Transition metals such as silver and platinum were shown to promote 
production of oxidative radicals and lipid peroxidation [13–16] that 
may cause oxidation-related damage to unsaturated fatty acids [17,18], 
decreasing membrane fluidity and eventually causing cell death [19, 
20]. For the transition metals to be effective and efficacious therapeutic 
compounds, the oxidative radicals generated by the treated cells should 
selectively destroy diseased and not normal cells. 

Metallic nanoparticles are emerging as promising diagnostic and 
anticancer compounds. These nanoparticles can provide better target
ing, delivery, tumor deposition, and gene silencing characteristics than 
conventional anticancer compounds [21]. 

We previously showed that the metal nanoparticles, NiZn ferrite, are 
toxic to cancer cells through the induction of oxidative stress [1]. 
Currently, there is little information on the role of platinum-containing 
nanoparticles as an anti-cancer agent. Thus, the hypothesis of this study 
is that platinum-doped magnesia (Pt/MgO) nanoparticles inhibit lung 
and colon cancer cell proliferation through the induction of oxidative 
stress and apoptosis. In this study, we determined the structural and 
morphological characteristics and effect of Pt/MgO nanoparticles on the 
human colon (HT29) and lung (A549) cancer cell lines. To our knowl
edge, this is a first report on the in vitro anti-cancer effect of Pt/MgO 
nanoparticles. 

2. Materials and methods 

2.1. Chemicals and reagents 

Trypsin/ethylenediaminetetra acetic acid (EDTA) solution was pur
chased from Invitrogen (Carlsbad CA, USA). Dimethylsulfoxide (DMSO), 
phosphate-buffered saline (PBS), 3-(4,5-dimethylthiazol-2-yl)− 2,5- 
diphenyltetrazolium bromide (MTT), Dulbecco’s modified Eagle’s me
dium (DMEM), diphenylamine (DPA) reagent (100 mL glacial acetic 
acid 1.5 g diphenylamine, 1.5 mL concentrated sulfuric acid 0.5 mL and 
16 mg/mL acetaldehyde stock), trypan blue dye, and N-acetyl-L-cysteine 
(NAC) were purchased from Sigma Chemical Company (Perth Western, 
Australia). 

2.2. Preparation of Pt/MgO nanoparticles 

The Pt/MgO nanoparticles were prepared using the precipitation 
method. MgO was prepared using 0.1 M aqueous solution of Mg 
(NO3)2.6H2O (Merck; >99.0%) and 1 M K2CO3 (Merck; >99.7%) as 
precipitant. The precipitate (sample) was filtered and washed with hot 
water and dried at 120 ◦C for 12 h. Subsequently, the dried sample was 
pre-calcined in air at 500 ◦C for 5 h to remove CO2. The sample was then 
pressed into a disc at 600 kg/m2 (Hydrolic for KBr disc) and calcined at 
1150 ◦C for 20 h to enhance its mechanical properties. 

The sample was impregnated with 5% Pt using Pt(C5H7O2)2⋅H2O 
(Acros Chemicals; >99%), dissolved with dichloromethane, for 5 h to 
produce Pt(acac)2/MgO. After impregnation, the samples were dried at 
120 ◦C for 12 h. The dried samples were crushed and sieved (250 µm) to 
obtain particles of 80–150 or 150–250 µm in diameter. Finally, the Pt2+

phase nanoparticles were reduced to metal Ptº phase at the active site of 
the nanoparticles, using 5% H2/Ar, to produce Pt/MgO. 

2.3. Physicochemical properties of nanoparticles 

2.3.1. Scanning electron microscopy and energy dispersive X-ray 
spectroscopy 

Scanning electron microscopy (SEM) [Model LEO 1450VP (LEO 
Electron Microscopy Ltd Cambridge, UK)], with an accelerating voltage 

of 30 kV and energy dispersive X-ray spectroscopy (EDX) were used to 
determine the morphology and elemental composition of powdered 
nanoparticles, respectively. The samples were degassed in an evacuated 
heated chamber at 100 ◦C overnight. Prior to SEM scanning, dried 
samples were spread over double-sided conductive tape and adhered to 
the specimen stub. 

2.3.2. Transmission electron microscopy 
Transmission electron microscopy (TEM) (Hitachi H-7100, Japan) 

was used to determine the fine structure of the crystals. The nanoparticle 
powder was disseminated in deionized water, placed on carbon-cover 
copper grids on filter paper and dried at room temperature before 
viewing. 

2.3.3. X-ray diffraction 
X-ray diffraction (XRD)characterization of nanoparticle powder was 

performed using the Shimadzu diffractometer model XRD 6000(Japan). 
The analysis employed Cu-Kα radiation generated by a Philips glass 
diffraction X-ray tube broad focus 2.7 kW type at ambient temperature. 
The crystallite size D of the samples was calculated by the Debye- 
Scherrer’s relationship according to standard procedures [1,2] using the 
following formula:  

D = 0.9 λ / (β cos θ)                                                                              

where D is the crystallite size, λ is the incident X-ray wavelength, β is 
the full-width at half-maximum, and θ is the diffraction angle. 

2.3.4. Fourier transform infrared 
Fourier transform infrared FTIR spectra for powdered nanoparticles 

were recorded over the range of 400–4000 cm− 1 on a Thermo Nicolet 
Nexus, Smart Orbit spectrometer (Shelton, USA) using 1% in 200 mg 
spectroscopic-grade potassium bromide (KBr) under 10 tons of pressure. 

2.3.5. Thermogravimetric analysis 
The thermal strength of the nanoparticles was investigated using the 

Mettler Toledo TG-SDTA apparatus (Pt crucibles, Pt/Pt– Rh thermo
couple) (Switzerland), with a purge gas (nitrogen) flow rate of 30 mL 
min− 1 and heating rate of 10 ◦C min− 1, from room temperature to 
1000 ◦C. 

2.3.6. Brunauer, Emmett and Teller analysis 
The total surface area of the nanoparticles was determined at 

− 196 ◦C using the nitrogen adsorption-desorption analyzer (Surfer 
analyzer, Milan, Italy). 

2.3.7. Hydrodynamic size and zeta potential 
The hydrodynamic size and zeta potential of the Pt/MgO nano

particle suspension (1 μg nanoparticles dispersed in 1 mL of ultra- 
deionized water) were determined using the ZetaSizer Nano ZS (Mal
vern Instruments Ltd Malvern, UK) with dynamic light scattering. 

2.3.8. Cell culture 
Four virus-negative cell lines; human colorectal adenocarcinoma 

(HT29, passage number 20–25), human lung carcinoma (A549, passage 
number 25–30), normal human colon (CCD-18Co, passage number 
20–24), and normal human lung (MRC-5, passage number18–23) cells, 
were purchased from the American Type Culture Collection (ATCC; 
Rockville, MD, USA). The cells in DMEM (Sigma Aldrich, USA) supple
mented with 10% FBS and 1% penicillin (100 U/mL) (Isocillin, Aventis, 
Germany) were cultured in an incubator at 37 ◦C under 5% CO2. 

2.3.9. 3-(4,5-dimethylthiazol-2-yl)− 2,5-diphenyltetrazolium bromide 
assay 

The Pt/MgO nanoparticles were mixed with DMEM medium (Sigma 
Aldrich, USA) containing 10% heat-inactivated FBS and a nanoparticle 
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colloidal suspension obtained using the ultrasound method [1,2]. 200 µL 
of 5 × 103 cells/mL cell suspension were added to each well of a 96-well 
culture plate to a final concentration 1 × 103 cells/well. After 24 h, the 
medium was aspirated and replaced with 200 µL fresh medium con
taining nanoparticles at concentrations ranging from 1.56 to 100 μg/mL, 
and chemotherapeutic agents (oxaliplatin for HT29 and CCD-18Co cells, 
and paclitaxel for A549 and MRC-5 cell) at 0.156–10.0 μg/mL. The last 
row was used for non-treatment control. The plates were then incubated 
at 37 ◦C under 5% CO2, for 24 h. 

The medium was aspirated, and the cells washed with PBS buffer 
thrice to remove test compounds, and replaced with fresh medium. 
Then, 200 µL of 5 mg/mL 3-(4,5-dimethylthiazol-2-yl)− 2,5-diphe
nyltetrazolium bromide (MTT) solution were added to each well and the 
plate incubated at 37 ◦C under 5% CO2for 4–6 h. The MTT-containing 
medium was then carefully removed and200 µL DMSO added to each 
well to dissolve the formazan crystals. The plates were read on auto
mated spectrophotometric EL 340 multiplate reader (Bio-Tek In
struments Inc., USA) at 570 nm. The viability was determined using the 
following formula: 

Viability(%) =
ODtreated

ODnontreated
× 100  

Where OD is the optical density. 
The 24 h IC50 (50% cell growth inhibition concentration) values of 

Pt/MgO nanoparticles on cancer cells were determined from the 
concentration-response curve for each test compound and cell line. 

2.3.10. Caspases 
The effects of treatment on caspase-3 (with or without pretreatment 

with 3 mM NAC), -8 and -9 activities were determined using commercial 
colorimetric assay kits (Promega, Madison, WI, USA) in accordance to 
the recommended protocol. 

2.3.11. Quantification of Bax, p53, Bcl-2 and cytochrome C protein assay 
The levels of p53, Bax, Bcl-2, and cytochrome C proteins in cells 

treated with Pt/MgO nanoparticles were determined using ELISA assay 
kits (Abcam, Cambridge, MA, USA). 

2.3.12. Microscopic examination of cell morphology 
200 µL of cell suspensions seeded in a 6-well plate, to contain 

1 × 104 cells/well, were treated with the IC50 concentration of Pt/MgO 
nanoparticles. The morphology of the cells was examined under inverted 
light microscopy. 

2.3.13. Lipid peroxidation, reactive oxygen species, glutathione and 
mitochondrial transmembrane potential 

The levels of lipid peroxidation and concentrations of reactive oxy
gen species and glutathione in normal and cancer cells were determined 
by malondialdehyde (MDA) and dichlorofluorescein synthesis and Ell
man method, respectively. 200 µL of 2 × 104 cells/mL cell suspension in 
DMEM were seeded in each well of 6-well tissue culture plates. After 
incubation for 24 h to allow for cell attachment, the cells were subjected 
to treatment with 12.5 μg/mL Pt/MgO nanoparticle samples. The plates 
were then incubated at 37 ◦C under 5% CO2 for 24 h. The medium was 
aspirated, and the plates washed with cold phosphate-buffered saline to 
remove dead cells. 

The effect of nanoparticles on the mitochondrial membrane potential 
(MMP) was determined by the rhodamine 123 efflux method. 3 µL of 
5 mg/mL rhodamine solution were incubated with 0.5 mL of 1 × 106/ 
mL cell suspension in phosphate-buffered saline. The rhodamine 123 
efflux or retention was analyzed using FACSCalibur™ flow cytometry 
(Becton Dickinson, NJ, USA) and the data were analyzed using CellQuest 
3.3 software (Becton Dickinson). The assays were done as previously 
described [1]. 

2.3.14. Statistical analysis 
All experiments were done in triplicates unless otherwise indicated. 

The data were expressed as means ± standard deviation. All statistical 
analyses were performed using the Minitab statistical software (Minitab 
Inc., State College, PA). The significance of treatment effects was 
determined using one-way analysis of variance (ANOVA) followed by 
Dunnett’s comparison tests. Significance among means was determined 
at p < 0.05. 

3. Results 

3.1. Characterization 

3.1.1. Morphological and elemental analysis of nanoparticles 

3.1.1.1. Scanning electron microscopy and energy dispersive X-ray 
spectroscopy. The SEM and EDX micrographs for the pure Pt/MgO 
nanoparticle samples are shown in Figs. 1A and 2, respectively. The Pt/ 
MgO nanoparticles formed large clusters, indicating presence of strong 
interactions that caused the nanoparticles to aggregate. The sample 
homogeneity and overall physical properties of Pt/MgO nanoparticles 
can be improved by adding an appropriate agent or with the use of 
physical techniques, such as sonication and stirring [1,2]. 

3.1.1.2. Transmission electron microscopy. The ultrastructure of pure Pt/ 
MgO nanoparticles was viewed under TEM (Fig. 1B). It is apparent that 
the Pt/MgO nanoparticles are cuboid in shape with diameters ranging 
from 30 to 50 nm. Most of the Pt/MgO nanoparticles were aggregated. 
This phenomenon suggests that there are strong interactions amongst 
nanoparticles, thus, confirming the findings from SEM analysis. 

3.1.2. Crystallinity 
Fig. 1C depicting the X-ray diffraction patterns shows that the Pt/ 

MgO nanoparticles comprise of the cuboid magnesia phase at 2θ = 37.1◦

(1 1 1), 42.9◦ (2 0 0), 62.2◦ (2 2 0), 74.7◦ (3 1 1), and 78.9◦ (2 2 2) 
(JSPDS file No: 00–002–1207) [22]. The diffraction peaks recorded at 2θ 
= 39.8 (1 1 1), 46.4 (2 0 0), and 67.7 (2 2 0) are manifestations of the 
cuboid form of Pt. The complexation with magnesium oxide nano
particles, in fact, improved the stability of the cuboid Pt and produced 
high Brunauer–Emmett–Teller (BET) surface areas. The size of the 
Pt/MgO crystals determined by the Debye-Scherrer’s equation was 
38 nm. The BET specific surface area (SBET), pore volume, and pore 
radius of the Pt/MgO nanoparticles were 10.46 m2/g, 0.41 cm3/g, and 
18.26◦A, respectively. The calculated pore volume to SBET ratio was 48.4 
10-9 m. 

3.1.3. Infrared absorption bands 
The vibrational band at 3484 cm− 1 indicates that there is moisture in 

the Pt/MgO nanoparticle samples (Fig. 1D). The peaks at approximately 
at 3135, 1636 and 1528 crn− 1 represent the stretching and bending 
modes of hydroxyl groups. Although the samples were subjected to high 
temperature calcination, these modes show that the Brönsted acid-active 
sites are present on the surface of Pt/MgO nanoparticles. The band at 
3746 cm− 1 corresponds to -OH stretching vibration bonded with Mg and 
bending bond at 1447 cm− 1. The intensity of the peak at 3746 cm− 1 for 
MgO nanoparticles with adsorbed Pt was greater than for pure MgO 
nanoparticles [23]. 

3.1.4. Thermogravimetric analysis 
Thermogravimetric analysis was used to investigate the behaviour of 

samples subjected to heating to induce sintering. The thermogravimetric 
curve for pure Pt/MgO nanoparticles and mass loss as determined from 
thermogravimetric analysis are consistent with the decomposition of 
calcined Pt/MgO nanoparticles (Fig. 1E). Thus, calcination of Pt/MgO 
nanoparticles at a temperature range of 25–400 ◦C caused the 
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Fig. 1. Characterization of Pt/MgO nanoparticles by: (A) scanning electron micrograph, (B) transmission electron micrograph, (C) X-ray diffraction pattern, (D) 
Fourier transform infrared spectrum, (E) thermograph showing phase with thermal treatments. (F) hydrodynamic size, and (G) zeta potential showing negative 
surface charge. 
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Fig. 2. Energy dispersive X-ray spectroscopy of pure Pt/MgO nanoparticles.  
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elimination of physically adsorbed water. The second mass loss began at 
approximately 400 ◦C and ended at 1000 ◦C and this is ascribed to the 
degradation of carbon residue to form CO2 gas. 

3.1.5. Hydrodynamic size and zeta potential 
The average hydrodynamic diameter, polydispersity index (PDI), 

and zeta potential for the Pt/MgO nanoparticle suspensions were 
932.3 ± 22.0 nm, 0.598 ± 0.0951, and − 20.7 ± 4.3 mV, respectively 
(Fig. 1F and G). 

3.2. Anticancer of Pt/MgO nanoparticles 

3.2.1. Cytotoxicity 
The Pt/MgO nanoparticles showed significant (p < 0.05) toxic 

effects towards the A549 cells at all concentrations used in this study. In 
the case of HT29 cells, the lowest Pt/MgO nanoparticles concentration 
of 1.56 µg/mL had no significant effect (p > 0.05) on cell growth. 
However, the Pt/MgO nanoparticle at the same concentration caused 
20% growth inhibition of the A549 cells (Fig. 3). The IC50 values of Pt/ 
MgO nanoparticles calculated from the dose-response curves are shown 
in Table 1. The MTT assay showed that the viability of HT29 cells 
decreased significantly (p < 0.05) after treatment with 6.125 and 
12.5 μg/mL Pt/MgO nanoparticles for 24 h (Fig. 3). On the other hand, 
the CCD-18Co cells were least sensitive to Pt/MgO nanoparticles among 
cells used in this study, with IC50 of 48 μg/mL, while the HT29 cells were 
most sensitive with IC50 of 13.7 μg/mL. The IC50 value of Pt/MgO 
nanoparticles for the MRC-5 cells were more than 12 times higher than 
that for the A549 cells. Furthermore, lung cancer cells were more 
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sensitive to Pt/MgO nanoparticles than paclitaxel (Fig. 3). The MRC-5 
cells were most resistant among cells to the growth inhibitory effect of 
paclitaxel, while the CCD-18Co cells were more sensitive to oxaliplatin 
than the HT29 cells (Fig. 3). 

3.2.2. Caspase-3, -8 and -9 

3.2.2.1. Caspase-3. The caspase-3 activities were significantly 
(p < 0.05) higher in treated than nontreated cancer cells. The HT29 
andA549 cells, after treatment with 12.5 μg/mL Pt/MgO nanoparticles 
for 24 h, showed peak caspase-3 activities at736 and 599% higher than 
non-treated normal cells, respectively (Fig. 4). The same Pt/MgO 
nanoparticle concentration increased the caspase activities of CCD-18Co 
and MRC-5 cells by144 and 181% higher than non-treated control cells, 
at 12 and 24 h of treatment, respectively. The caspase-3 activities were 
effectively inhibited by the NAC pretreatment. 

3.2.2.2. Caspase-8. The Pt/MgO nanoparticles activated cancer cell 
caspase-8 in a concentration-dependent manner (Fig. 4). The activities 
of caspase-8 in the A549 cell line after 12- and 24-hour treatment with 
12.5 µg/mL Pt/MgO nanoparticles were 3.9- and 6.5-fold higher than in 
non-treated cells, respectively (Fig. 4). At the same concentration, the 

Table 1 
IC50 values of Pt/MgO nanoparticles, oxaliplatin, and paclitaxel on cancer and 
normal cell lines after 24 h treatment.  

Cells IC50 (µg/mL) 

Pt/MgO Oxaliplatin Paclitaxel 

CCD-18Co  48.08 ± 12.73 1.05 ± 0.81 – 
MRC-5  76.83 ± 5.69 – 0.8 ± 1.6 
HT29  13.65 ± 5.38 4.67 ± 0.03 – 
A549  6.32 ± 9.44 – 0.12 ± 0.09 

Note: HT29 = human colon adenocarcinoma cell line; CCD-18Co = human 
normal colon cell line; A549 = uman lung carcinoma cell line; MRC-5 = ormal 
human lung cell line. 
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Fig. 4. Caspase-3, -8 and -9 activities inhuman colorectal adenocarcinoma (HT29), human lung carcinoma (A549), normal human colon (CCD-18Co), and normal 
human lung (MRC-5) cell lines after 12- and 24-h treatment with Pt/MgO nanoparticles at 3.125, 6.25 and 12.5 μg/mL. Caspase-3 activities were examined with and 
without 3 mM N-acetyl-L-cysteine (NAC). Values are mean ± standard deviation (n = 3 well/treatment). *Means significantly different from non-treated cell means 
at p < 0.05. 
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effect of Pt/MgO nanoparticles on caspase-8 activity was greater in A549 
than HT29 cells. At lower concentrations of 3.125 and 6.25 µg/mL, Pt/ 
MgO nanoparticles cause small increases in HT29 caspase-8 activities 
after 24 h of treatment. The caspase-8 activity of normal cells was not 
affected by treatment with Pt/MgO nanoparticles. 

3.2.2.3. Caspase-9. The activity of caspase-9 in the colon cancer HT29 
cell line increased significantly (p < 0.05) by 2.6- and 3.8-fold higher 
than non-treated control cells, after 12- and 24-h treatment with 
12.5 µg/mL Pt/MgO nanoparticles, respectively (Fig. 4). The effect of 
Pt/MgO nanoparticles on HT29 cells was time- and concentration- 
dependent. No such increase in caspase-9 activity occurred in the 
A549 cells after 24 h treatment with 12.5 µg/mL Pt/MgO nanoparticles. 
Treatment with 6.25 µg/mL Pt/MgO nanoparticles for 12 and 24 h, 
markedly increased caspase-9 activities in HT29 cells by 141% and 
202%, respectively, and in A549 cells by 262% and 278%, respectively, 
above the values for non-treated cells (Fig. 4). With 12.5 µg/mL Pt/MgO 
treatment, normal cells showed increases in caspase-9 activity beginning 

at 12 h and reaching a high value at24h. 

3.2.3. Bcl-2, Bax, p53, and cytochrome C proteins 

3.2.3.1. Bcl-2. The Bcl-2 protein level in A549 cells after 12-h treat
ment with 12.5 μg/mL Pt/MgO nanoparticles was more than 70% lower 
than in non-treated cells (Fig. 5). The down-regulation of BcL-2 in HT29 
cells was time-dependent. In MRC-5 cells, significant 25% down-regu
lation(p < 0.05) of Bcl-2 protein from non-treated cell values occurred 
after 24-h treatment with 12.5 μg/mL.Pt/MgO nanoparticles. Treatment 
with 12.5 μg/mL. Pt/MgO nanoparticles did not significantly (p > 0.05) 
affect Bcl-2 protein level in CCD-18Co cells. 

3.2.3.2. Bax. Bax protein levels in A549 and HT29 cells treated with 
12.5 µg/mL Pt/MgO nanoparticles were 2- to 4-fold higher than in non- 
treated cells (Fig. 5). The effect of Pt/MgO nanoparticles on the HT29 
cells Bax protein level was concentration- and time-dependent. Pt/MgO 
nanoparticles treatment also increased the Bax protein levels in CCD- 
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Fig. 5. Bcl-2, Bax, andp53 protein levels and cytochrome C release in human colorectal adenocarcinoma (HT29), human lung carcinoma (A549), normal human 
colon (CCD-18Co) and normal human lung (MRC-5) cells lines after 12- and 24-h treatment with Pt/MgO nanoparticles at 3.125, 6.25 and 12.5 μg/mL. Values are 
mean ± standard deviation (n = 3 well/treatment). *Means significantly different from non-treated cell means at p < 0.05. 
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19Co and MRC-5cells, although these increases were not as marked as in 
the HT29 and A549 cells. 

3.2.3.3. p53. The p53 protein levels in HT29 and A549 cells increased 
significantly (p < 0.05) with increase in Pt/MgO nanoparticle treatment 
concentration. 12.5 µg/mL PtMgO nanoparticles caused increase in p53 
levels in all cells used in the study. However, the effect of nanoparticle 
was more significant (p < 0.05) in the HT29 and A549 than CCD-18Co 
or MRC-5 cells (Fig. 5). However, in CCD-18Co cells, 12.5 µg/mL Pt/ 
MgO nanoparticles significantly (p < 0.05) increased the p53 protein 
levels after 12-h treatment. 

3.2.3.4. Cytochrome C. Cytochrome C releases by the HT29 and A549 
cells were higher than by CCD-18Co and MRC-5 cells after treatment 
with 12.5 µg/mL Pt/Mg nanoparticles for24 than 12 h (Fig. 5). Pt/MgO 
nanoparticle treatment, at 3.125 and 6.25 µg/mL, did not affect cyto
chrome C release by the normal CCD-18Co and MRC-5 cells. 

3.2.4. MDA, ROS, GSH and MPP 

3.2.4.1. GSH. The effect of Pt/MgO nanoparticles on cellular anti- 
antioxidant mechanisms was determined by the changes in gluta
thione concentration in normal and cancer cells. In HT29, A549, CCD- 
18Co and MRC-5 cells treated with 12.5 μg/mL Pt/MgO nanoparticles 
for 24 h, there were decreases in glutathione concentration by approx
imately 39.1%, 61.7%, 5.1%, and 23.3%, respectively, in comparison to 
that of the non-untreated cells (Fig. 6). 

3.2.4.2. MDA. Lipid peroxidation is a good indicator of oxidative stress 
in cells. The effects of Pt/MgO nanoparticles on cancer and normal cell 
lipid peroxidation are shown in Fig. 6. Treatment with 12.5 μg/mL Pt/ 
MgO nanoparticles for 24 h increased the malondialdehyde concentra
tions of HT29, A549, CCD-18Co, and MRC-5 cells by 784%, 930%, 
189%, and 494%, respectively, above that of the non-treated cells. 

3.2.4.3. ROS. Treatment with 12.5 μg/mL Pt/MgO nanoparticles for 
24 h increased A549 and HT29 cell ROS generation by approximately 
3.6- and 2.8-fold higher than in non-treated cells, respectively (Fig. 6). 
The generation of ROS by similarly treated the normal MRC-5 was 162% 
higher than by the normal CCD-18Co cells. 

3.2.4.4. Mitochondrial membrane potential assay M. We elucidated the 
effect of 12.5 μg/mL Pt/MgO nanoparticles on mitochondrial membrane 
potential using rhodamine 123 efflux. At 24 h, the percentage of cells 
with rhodamine 123 efflux was significantly lower (p < 0.05) in non- 
treated than treated cells. The highest rhodamine retention (40.5%) 
occurred in the A549 cells treated with 12.5 μg/mL Pt/MgO nano
particles (Fig. 6). In fact, Pt/MgO nanoparticles were more effective at 

increasing rhodamine 123 efflux in cancer than normal cells. 

3.2.5. Morphological examination 
The morphology of cells treated with IC50 concentrations of Pt/MgO 

nanoparticles is shown in Fig. 7. After 24 h, non-treated cells were 
uniformly distributed in the culture plates and formed nearly complete 
monolayers. These cells were either round or oblong suggesting that 
they were intact. However, the HT29 and A549 cells treated with Pt/ 
MgO nanoparticles showed loss of membrane integrity, shrinkage, 
membrane blebbing, and apoptosis. The effects of Pt/MgO nanoparticles 
were more severe on the HT29 than A549 cells. Pt/MgO nanoparticles- 
treated CCD-18Co and MRC-5 cells showed morphological evidences of 
deteriorating and dead cells. 

4. Discussion 

The co-precipitation method for aqueous solution is a promising 
approach in the synthesis of Pt/MgO nanoparticles. When sufficient 
amount of Pt is dissolved in excess MgO and rapidly heated, there is 
immediate reduction of the metal to form Pt/MgO nanoparticles. In the 
presence of excess MgO, metal nanoparticles serving as active sites, 
rapidly grow in the complexation with Pt. In the thermogravimetric 
analysis, the sizes of nanoparticles can be controlled by changing the 
heating process. 

The results show that the Pt/MgO nanoparticles were pure. The 
purity of Pt/MgO nanoparticle suspensions is of utmost importance to 
eliminate side reactions from the presence of impurities. The purity of 
nanoparticles is essential if they are meant to be used as therapeutic 
compounds [24]. 

The Pt/MgO nanoparticles were unstable, have low electrostatic 
repulsion properties, and tend to aggregate in deionized and double- 
distilled water. However, the aggregation can be minimized by 
coating of the Pt/MgO nanoparticles with biocompatible polymers or 
conjugating with ligands that increases inter-particle distance [25], 
decreases the tendency of particle aggregation, and improve their po
tential to be developed as a therapeutic compound [26]. 

Transition metal-containing nanoparticles are now touted as the 
future in the treatment of diseases. These nanoparticles have fewer side 
effects and are cheaper to produce than current chemotherapeutic 
compounds [27]. Transition metal-containing nanoparticles bind to 
DNA, a property that can be benefited in the development of 
metal-based anti-cancer therapeutics [28]. For example, cisplatin, a 
platinum-containing anticancer drug, can interact with DNA through 
intra-strand cross-linkage and induce cell death. Unfortunately, cisplatin 
and its derivatives have serious side effects, including rapid develop
ment of drug resistance and cytotoxicity. Cisplatin is still not effective 
enough in the treatment of certain cancers like lung, colorectal, and 
prostate cancers [29,30]. Ruthenium compounds were used to form 
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Fig. 6. Glutathione (GSH), malondialdehyde (MDA), and reactive oxygen species (ROS) concentrations, and mitochondrial transmembrane potential (MMP) of 
human colorectal adenocarcinoma (HT29), human lung carcinoma (A549), normal human colon (CCD-18Co) and normal human lung (MRC-5) cells lines after 24-h 
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M.Q. Al-Fahdawi et al.                                                                                                                                                                                                                        



Biomedicine & Pharmacotherapy 138 (2021) 111483

10

complexes with cisplatin, as a mean to overcome the deficiencies in the 
anti-cancer effects of the therapeutic compound [31,32]. 

The dose and treatment periods for Pt/MgO nanoparticles elected for 
the study were based on our recent published work [33]. The safety of 
Pt/MgO nanoparticles as a potential therapeutic agent was determined 
on the normal colon, CCD-18Co and lung, MRC-5, cells. Pt/MgO nano
particles did not adversely affect the viability of these cells. However, 
the nanoparticles, even at low concentrations of 3.125 and 6.25 µg/mL, 
were toxic to the HT29 and A549 cell lines. 

The cancer cell microenvironment is acidic [34–36]. Incidentally, 
MgO dissociates at acidic pH [37] allowing for easy release of Pt from 
the Pt/MgO complex in the cancer tissues. This property of Pt/MgO 
nanoparticles offers an improved strategy in the treatment of cancers. 

Oxidative stress is the result of imbalance between oxidants and anti- 
oxidants and reactive oxygen species (ROS) in the cellular environments 
[38]. The generation of ROS, particularly the reactive hydroxyl radicals, 
induces lipid peroxidation [39] that can damage the phospholipids of 
membrane bilayer, causing loss of membrane integrity [39,40]. 
Evidently, Pt/MgO nanoparticles increased ROS generation and lipid 
peroxidation in the HT29 and A549 cells, which is presumed to 
contribute to anti-cancer effects of the nanoparticles. 
Platinum-containing drugs induce oxidative stress by increasing ROS 
[41] and decreasing glutathione production [42], which will culminate 
in the induction of apoptosis via the p53, survivin, Bax/Bcl-2, and cas
pase pathways. Glutathione is the endogenous antioxidant that protects 
cells from oxidative stress by serving as a substrate for enzymatic anti
oxidants [43]. In the current study, cancer cells had low glutathione 
levels after treatment with Pt/MgO nanoparticles for 24 h. This resulted 
in the failure of cancer cells to effectively eliminate ROS, hydrogen 
peroxide, and metabolites, compromising cellular antioxidant defenses, 
resulting in damage and eventually death of these cells [44–46]. 

Caspase-9 and -8 mediate intracellular cell-death signaling via the 
intrinsic mitochondria-mediated and extrinsic death receptor-mediated 
apoptotic pathways, respectively [47,48]. Caspase-3 serves as the 
down-stream enzyme that mediates both pathways for eventual 
apoptosis. The study showed that treatment with Pt/MgO nanoparticles 
activated the apoptotic pathways in the HT29 and A549 cells. 
Pre-treatment with NAC, the GSH precursor, may abrogate the Pt/MgO 

nanoparticle-induced caspase-3activities in the cancer cells and inhib
iting apoptosis. 

Our study showed increased mitochondrial membrane permeability 
in cancer cells treated with Pt/MgO nanoparticles, with concurrent 
decrease in Bcl-2 and increase in Bax and p53 levels. These findings 
suggest that Pt/MgO induced cancer cell apoptosis through the down- 
regulation of anti-apoptotic protein, Bcl-2 and up-regulation of pro- 
apoptotic Bax and p53, culminating in mitochondrial membrane depo
larization, release of cytochrome C, and activation of the apoptotic 
pathways. Clearly, the apoptotic effects of Pt/MgO nanoparticles on 
cancer cells were via both the intrinsic and the extrinsic pathways. The 
Pt/MgO nanoparticles also exert anti-cancer activities by up-regulating 
the anti-tumor suppressor, p53, protein. 

5. Conclusion 

Pt/MgO nanoparticles were cuboid in structure with the size range of 
30–50 nm. Treatment of cancer cells with Pt/MgO nanoparticles 
significantly increased their ROS and lipid peroxidation activities and 
decreased glutathione concentration. Pt/MgO nanoparticles also 
inhibited proliferation of lung and colonic cancer cells through the 
activation of the intrinsic and extrinsic apoptotic pathways. This was 
evident by the increase in the caspase-3, -9, and -8 activities, down- 
regulation of Bcl-2 and up-regulation of Bax proteins in cancer cells. 
The Pt/MgO nanoparticles-induced apoptosis was inhibited by NAC 
pretreatment, indicating that the anti-cancer effects of Pt/MgO are 
partly through the inhibition of oxidative stress. In conclusion, Pt/MgO 
nanoparticles are selectively toxic to colon and lung cancer cells and 
have great potential to be developed as an anti-cancer therapeutic 
compound. 
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