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Abstract. The use of magnesium oxide (MgO) nanoparticles in industrial applications has been 

raised over the last decade. However, there is limited toxicology information available regarding the 

effects of MgO nanoparticles. In this study, cytotoxicity and neurotoxicity of this nanoparticle on 

SH-SY5Y cell lines was investigated. In order to assess the cytotoxicity effect, SH-SY5Y cells were 

exposed to three different types of MgO nanoparticles (MgO 5, MgO 10 and MgO 24) for 24, 48 

and 72 h. The concentration of nanoparticles ranges from 1nM to 1mM. Cell viability was 

determined by MTS assay. Neurotoxicity test was performed to determine the effects of MgO 

nanoparticles on human neural cells. Results indicated that MgO nanoparticles are not toxic to both 

undifferentiated and differentiated SH-SY5Y cells. With further exploration, the safety and health 

concern regarding exposure of MgO nanoparticles can be verified since the increasing of using this 

nanoparticle in industry over the time.  

Introduction 

Nanoparticles are any particles less than 100 nm in size. These materials have been widely used 

in industry including pharmaceutical
 [1] 

cosmetics, drug delivery, additive to drugs
 [2] 

and food 

products 
[3]

.
 
Due to the small size, large surface area, and high reactivity of nanoparticles, it has 

raises great concern on the adverse effects on ecological system and human health. 

In this study, magnesium oxide (MgO) nanoparticles were explored for its toxicity. This particle 

is among metal oxide nanoparticles that have been used for commercial purpose. MgO is 

extensively used in several industries such as pharmaceuticals, cosmetics, food packaging, electrical 

insulation, desiccant and medicine. With the increased in application of MgO, the concerns about its 

potential toxicity also been increased. 

Previous reports showed that nanoparticles induced toxicity mainly on lung, liver, spleen, and 

kidneys tissues 
[4,5]

. But, there are limited research regarding toxicity of nanoparticles towards nerve 

cells. Here, neuroblastoma SH-SY5Y cell lines were used in order to evaluate toxicity of MgO 

nanoparticles. Since the early 1980’s, this cell line has been widely used as a model of neurons as it 

possess many biochemical and functional properties of neurons 
[6]

.  

In 2009, it has been reported that MgO nanoparticles are not toxic in human skin 
[7]

. Another 

research proved that MgO nanoparticles are not toxic when exposed to human fibroblasts. However, 

MgO nanoparticles possess differential cytotoxic effects on HepG2 and BJ cell lines 
[2]

. Since there 

is limited toxicology information available regarding the effects of MgO nanoparticles towards 

human neural cells, it is necessary to investigate the toxicity of this metallic oxide nanoparticle.  

The aims of this study were to evaluate cytotoxicity and neurotoxicity effect of MgO 

nanoparticles on SH-SY5Y cell lines. Particles were dispersed in cell culture medium at various 

concentrations and dosed to the cells. Toxicity was measured by determining cell viability using 

MTS assay.  
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Materials and Methods 

Nanoparticles. Three types of MgO nanoparticles (MgO 5, MgO 10 and MgO 24) were 

synthesized by the Centre of Nanomaterials Research (CNR), Institute of Science, Universiti 

Teknologi MARA, Malysia. They differ from one another in terms of annealing time during 

production of these nanoparticles. The particles sizes were 50-80 nm (MgO 5), 50-100 nm (MgO 

10) and 70-150 nm (MgO 24). 

 

Cell Culture. Human neuroblastoma SH-SY5Y cell lines were a gift from Dr. Coral Sanfeliu 

(Department of Pharmacology and Toxicology, Institute of Biological Research, Barcelona, Spain). 

An amount of 2 x 10
4
 cells per ml were seeded and maintained in MEM-F12 medium (Sigma, USA) 

supplemented with 2 mM glutamine, 1% non-essential amino acids, 50µg/ml gentamicin and 10% 

fetal bovine serum (PAA Laboratories GmbH, Austria) in a humidified incubator at 37
°
C and 5% 

CO2.  

 

Assessment of Cytotoxicity. Cells were treated with different concentrations of MgO nanoparticles 

ranging from 1nM to 1mM for 24 h, 48 h and 72 h. The cytotoxicity was assessed by CellTiter 96
®

 

AQueous Assay uses the novel tetrazolium compound (3-(4,5-dimethylthiazol-2-yl)-5-(3-

carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium, inner salt; (MTS, Promega, USA) using 

Glomax multi detection system (Promega, USA).  

 

SH-SY5Y Cell Differentiation and Assessment of Neurotoxicity. An amount of 2 x 10
4
 cells per 

ml were seeded and after 24 h, retinoic acid (RA) (Sigma, USA) was added at a final concentration 

of 10µM. The purpose of adding RA is to differentiate the cells into neural phenotype 
[8]

. The 

medium was changed 3 days later with fresh RA and cells were treated with different 

concentrations of MgO nanoparticles at day 6. Cultures were incubated in a humidified incubator at 

37ºC, 5% CO2 for 24 h. Neurotoxicity was assessed by CellTiter 96
®
 AQueous Assay uses the novel 

tetrazolium compound (3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-

sulfophenyl)-2H-tetrazolium, inner salt; (MTS, Promega, USA) using Glomax multi detection 

system (Promega, USA).  

 

Statistical Analysis. Data were expressed as the mean ± SD from three independent experiments 

and were analyzed using GraphPad PRISM
®

 version 5. One-way ANOVA was used for 

significance testing, using p value of 0.05.  
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Results and Discussion 

Cytotoxicity of MgO Nanoparticles. Neuroblastoma SH-SY5Y cells were exposed to MgO 

nanoparticles at concentrations ranging from 1nM to 1mM for 24 h, 48 h and 72 h. Data indicated 

that MgO nanoparticles were not toxic to the cell since cell viability increased as a function of time 

(Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1, Viability of neuroblastoma SH-SY5Y cells  after exposure to nanoparticles (A) MgO 5 (B) 

MgO 10 and (C) MgO 24.  Control represents untreated cell. Values are  mean ± SD from three 

independent experiments. Triplicates of each treatment group were used in each independent 

experiment.  

 

From the results, after 48 h exposure to MgO 5 nanoparticles, cells viability increased to 107% at 

1nM, 103% at 10μM and 108% at 1mM, compare to 24 h exposure time. However, at the same 

concentrations, cell viability had slightly decreased to 100%, 93%, and 94% respectively after 72 h 

of exposure.  As opposed to MgO 5, treatment with MgO 10 nanoparticles to SH-SY5Y cells 

showed different cytotoxicity effect. After 48 h of exposure, cells viability decreased to 90% at 

1nM, 89% at 10μM and 90% at 1mM. Meanwhile, longer incubation time up to 72 h had increased 

the viability to 104% at 1nM and 101% at 1mM. The pattern of cell viability was not coherent when 

cells were dosed with MgO 24. 

It has been demonstrated that exposure time caused fluctuation in cell viability of SH-SY5Y cells 

treated with MgO nanoparticles. Since undifferentiated SH-SY5Y cells were used in this study, it is 

difficult to distinguish whether proliferation rate is influence by the nanoparticles or not 
[9]

. This is 

because, as a continuously dividing cell lines, the number of undifferentiated SH-SY5Y cells 

increase during the course of experiment (Figure 2). 

 

 

 

 

 

 

 

 

 

 

Fig. 2, Undifferentiated SH-SY5Y at (A) 24 h, (B) 48 h, and (C) 72 h. (Photographs were taken by 

using Leica inverted microscope. 
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Neurotoxicity of MgO Nanoparticles. The study was further continued by examine the toxicity 

effect of MgO nanoparticles towards differentiated SH-SY5Y cells. Cells were exposed to different 

MgO nanoparticles at concentrations ranging from 1nM to 1mM for 24 h (Figure 3). Data showed 

that difference in particles size possess different toxicity effect. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3, Viability of differentiated SH-SY5Y cells  after exposure to MgO 5, MgO 10 and MgO24 

nanoparticles.  Control represents untrated cells. Values are  mean ± SD from three independent 

experiments. Triplicates of each treatment group were used in each independent experiment. 

Significance indicated by (* p < 0.05, ** p < 0.01) 

 

From the result obtained, there was no toxic effect of MgO nanoparticles towards the cells. After 

24 h incubation at 1nM and 100nM, MgO 5 nanoparticles (50-80 nm) induced only 15% decrease in 

cell viability. Meanwhile, dosing cells with MgO 24 nanoparticles (70-150 nm) caused only slightly 

decreases in cell survival at concentration of 10nM. However, incubation with MgO 10 (50-100 

nm) did not significantly reduce the cell viability. Interestingly, at concentration of 1mM, the cells 

still proliferate and percentage of viability increased up to 117%.   

Since MgO nanoparticles did not lower the cell survival below 50%, it cannot be considered as a 

toxic compound. According to Fletcher et al., 
[10]

 a compound will be considered toxic, if it reduces 

cell viability more than 50%. Previously, the effect of MgO nanoparticles towards SH-SY5Y cells 

has not been investigated. In 2008, it has been reported that MgO nanoparticles did not induce cell 

death both on human astrocytoma U87 and human fibroblasts HFF-1 cells even at higher 

concentrations 
[2]

. Other study by Kansas State University stated that MgO nanoparticles (<100 nm) 

caused no adverse effect on cardiopulmonary health in human.  

It is generally perceived that smaller particles exhibit more toxicity effect compare to larger 

particles 
[11]

. However, this study showed that toxicity of MgO nanoparticles is not size-dependent 

manner. This might be due to the aggregation of MgO nanoparticles in the cultured medium. 

Therefore, further study on particles structure need to be conducted to reduce interference during 

measurement. Several methods are available to prevent aggregation of particles, include the 

addition of surfactant and modification of particles surface 
[12]

. 

Conclusion 

In summary, MgO nanoparticles were not toxic to both undifferentiated and differentiated SH-

SY5Y cells. Since the particles were not toxic to neuron cells, it can beneficial to further study on 

the potential for neuroprotection. In addition, futher research is recommended to establish the 

possible mechanism of actions of MgO nanoparticles in SH-SY5Y cell lines. 
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