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Abstract 

 
Diverse applications of metal oxide nanoparticles in 

various industries have been accelerating in the last 

decade. Magnesium oxide (MgO) nanoparticles have been 

employed in ceramics and as adhesive and additive in 

chemical raw materials, leading to their increased human 

exposure, thereby posing potential health hazards. 

Because cytotoxicity of MgO nanoparticles in neural cells 

derived from the peripheral nervous system is unknown, 

we have investigated the effects of MgO nanoparticles on 

Schwann cells. Our results indicated treatment with MgO 

nanoparticles for 24 hours induced dose-related 

cytotoxicity in Schwann cells. Moreover, such treatment 

also induced distinct morphological changes in Schwann 

cells leading us to investigate the hypothesis that these 

nanoparticles elicit inflammatory responses in Schwann 

cells. Consistent with this hypothesis was our finding that 

the nanoparticles induced enhanced expression of 

cytokines such as IL-6. Thus, our findings may have 

pathophysiological implications in toxicity of MgO nano- 

particles in neural cells derived from the peripheral 

nervous system. 

 

 

Keywords: magnesium oxide nanoparticles, Schwann 

cells, cytotoxicity, nanotoxicity, peripheral nervous 

system, inflammatory response. 

 

 

1. Introduction 
 

Nanotechnology has emerged as a science over the past 

decade and its applications have found their way into 

many consumer goods, including cosmetics, clothes and 

sporting goods. Because of the ubiquitous applications of 

nanomaterials in diverse industries and the escalating 

numbers of such applications, humans and other species 

are increasingly exposed to nanomaterials. However, the 

regulatory control of the use of nanomaterials is not 

presently in place. More importantly, the environmental 

and health impact of exposure to most nanomaterials has 
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not been assessed. On the other hand, evidence has been 

accumulating that many nanomaterials, including 

nanoparticles, are not as harmless as they have been 

assumed to be [1-3]. We have therefore developed several 

neural and non-neural cell models in vitro and employed 

them to systematically investigate the putative 

cytotoxicity of the nanoparticles of metallic and non-

metallic oxides [see 1-3 and references therein].  

     Nanoparticles in the atmosphere may enter the body 

via ingestion, inhalation and/or dermal exposure and 

repeated exposure may result in accumulation of 

significant amounts of the nanoparticles in various organs 

[1-5]. More importantly the blood-brain barrier does not 

provide adequate protection to the brain to prevent the 

penetration of nanoparticles from the blood into brain [see 

2 and references therein]. Additionally, inhaled 

nanoparticles can reach the brain via retrograde transport 

in the olfactory nerve [4]. Nanoparticles are also known to 

penetrate through the skin and enter the peripheral 

circulation [5].  

     Our previous and ongoing studies have demonstrated 

that nanoparticles of metallic and non-metallic oxides 

exert differential cytotoxic effects in neural cells derived 

from the central nervous system [see 1-3 and references 

therein]. Nonetheless, as the putative toxic effects of such 

nanoparticles in neural cells derived from the peripheral 

nervous system (PNS) are largely unknown, we have 

initiated studies to systematically investigate the putative 

cytotoxicity of nanoparticles of metallic and non-metallic 

oxides in neural cells derived from the PNS [7-9]                       

As metal oxide nanoparticles are also known to induce 

inflammatory responses in various cell types [11,12], in 

this study we have investigated the hypothesis that MgO 

nanoparticles elicit inflammatory responses in Schwann 

cells . 

 

2. MATERIALS AND METHODS 
 

2.1 Materials 
 

R3 (neuronal Schwann cell; immortalized with SV40 

large T antigen) cells were obtained from ATCC 

(Manassas, VA, USA). Magnesium Oxide Nanoparticles 

(Cat #549649-5G, nanopowder, <50 nm particle size, 

99.7%), Thiazolyl blue tetrazolium bromide (MTT) and 

Dulbecco’s Modified Eagle’s Medium (DMEM) were 

purchased from Sigma-Aldrich (St. Louis, MO).. Fetal 

bovine serum (FBS) was from Atlanta Biologicals 

(Lawrenceville, GA, USA), protease inhibitor cocktail 

tablets from Roche diagnostics, antibodies to Il-6 were 

from Santa-Cruz (Santa Cruz, California) and antibodies 

to peroxisome-proliferator activator receptor γ (PPARγ) 

and β-actin were from Abcam (Cambridge, MA). Other 

chemicals were of analytical grade and were usually 

obtained from Sigma-Aldrich (St. Louis, MO). 

 

 

 

2.2 Cell culture of Schwann cells 
 

Schwann cells were cultured in DMEM, supplemented 

with 10% (v/v) fetal bovine serum (FBS), 1% (w/v) 

sodium pyruvate, 0.292 g/L L-glutamine, 1.5 g/L sodium 

bicarbonate, and 4.535 g/L glucose. The cells were 

incubated at 37°C in a 5% CO2 and humidified 

environment. 

  

2.3 Cell Survival (MTT) assay 
 

MgO nanoparticles were freshly suspended in 100 mL 

sterile saline in a sealed conical flask and diluted to 

appropriate concentration with DMEM to the specified 

concentration before use.  

     Cells were seeded on 96-well plates at a density of 

4.0×10
3
 cells per well. Cells were exposed to MgO 

nanoparticles after they had attached to the bottom of the 

wells for 2-3 hours. Then cells were treated with specified 

concentrations of nanoparticles for 24 hours. MTT dye 

(20 µl of 0.5%, (w/v) in PBS) was added to each well and 

the plates were incubated for another 4 hours. The 

formazan crystals formed in each well of each plate by 

live cells was dissolved in DMSO after aspirating the 

medium in the wells and then transferred gently to an 

empty well in another plate to reduce the interference of 

absorbance measurement by nanoparticles. The 

absorbance of the material in each well in the plates was 

read in a plate reader as described previously [1-3]. Plates 

containing no seeded cells but only culture medium with 

and without MgO nanoparticles served as the controls in 

each experiment. 

 

2.3 Western Blot Analysis: 
 

Schwann cells were cultured in DMEM supplemented 

with 10% (v/v) fetal bovine serum (FBS) until they were 

70% confluent and then treated with freshly prepared 

magnesium oxide nanoparticle suspension in saline. After 

24 hours, the cells were washed with ice-cold PBS and 

cell lysates were prepared using 0.32 M sucrose, 5 mM 

HEPES-Tris, pH 7.4 containing protease inhibitors. 

Protein analysis for lysates was performed using 

Bicinchonic assay (BCA) kit employing 96 well plate 

reader at 562 nm.  

     Western blot analysis was performed as described 

previously [3, 9] using 12.5% gel at 150 constant volts 

after electrophoresis; the separated proteins were 

transferred to a PVDF membrane at 100 volts for 90 

minutes. Once the transfer was complete, the membranes 

were incubated in 5% (w/v) fat-free milk for 3-4 hours at 

room temperature. The blocking solution was then washed 

and incubated in solutions containing primary antibodies 

against respective protein overnight, followed by their 

respective peroxidase-conjugated secondary antibodies. 

The protein-antibody complexes were visualized using 
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Chemiluminescent solution [3,9].  

2.4 Bright Field Microscopy: 
 

The morphology of Schwann cells treated or not treated 

with MgO nanoparticles for 24 hours were monitored with 

light microscopy using a Leica DM IRB microscope after 

at 400X magnification as described previously [1-3]. 

 

2.5 Statistical Analysis  
 

Results are presented as mean ± standard error of the 

mean (SEM) of twelve determinations. Experiments were 

performed at least three times. Statistical significance of 

experimental results was analyzed using one-way ANOVA 

followed by post-hoc Tukey’s test employing the 

Kaleidagraph 4.0 software package. The minimum 

significance level was set at p< 0.05. 

 

 

3 RESULTS AND DISCUSSION 

 

Schwann cells are the supportive cells for neurons in the 

peripheral nervous system (PNS): they also produce the 

myelin sheath and play important roles in axonal function 

and regeneration [6,7]. Consequently, they are frequently 

employed to elucidate pathophysiological mechanisms in 

peripheral neuropathy. We have therefore employed 

Schwann cells to investigate the putative cytotoxic effects 

of MgO nanoparticles on neural cells derived from the 

PNS.  

     As shown in Figure 1, MgO nanoparticles induced 

dose-related decreases in survival of Schwann cells when 

they were exposed to MgO nanoparticles for 24 hours. 

The IC50 of MgO nanoparticles in lowering the survival of 

Schwann cell was ~ 100 µg/ml. That initial observation 

prompted us to monitor the effects of MgO nanoparticles 

on the morphology of Schwann cells.  

     We found that as the concentration of MgO 

nanoparticles was increased, more and more 

morphological differences between the treated and 

untreated (i.e., control) Schwann cells were noted (Figure 

2). When the Schwann cells were treated with the lower 

levels of the nanoparticles (i.e., 0.1-5 µg/ml), the polarity 

of the cells were more pronounced and they appeared to 

send out more processes (Figure 2; circled cells). 

Additionally, at the higher treatment levels (i.e., 5-100 

µg/ml), the nanoparticles induced the cells to swell and 

round off, suggesting that those cells were possibly 

undergoing necrosis (Figure 2; circled cell(s)). 

     Morphological changes induced by MgO nanoparticles 

led us to investigate the possibility of an inflammatory 

response elicited by the Schwann cells. Inflammatory 

response is a protective mechanism that most cells exhibit 

towards an obnoxious stimulus. We therefore examined 

the expression of inflammatory markers such as 

interleukin-6 (IL-6) and peroxisome-proliferator activator 

receptor γ (PPARγ). Il-6 is a pro-inflammatory cytokine 

that protects the cells by eliciting immune response and 

regulating the transcription of anti-apoptotic genes. On the 

other hand, PPARγ is a member of nuclear receptor super- 

family important in regulating many genes relating to 

glucose metabolism; it has also been shown to have anti-

inflammatory actions by regulating cytokine expression. 

 
Figure 1: Survival of R3 Schwann cells exposed to MgO 

nanoparticles for 24 hours (*p<0.05 versus control, as 

determined by ANOVA with post-hoc Tukey test).  

 

        
 

           Control   0.1 µg/ml 

 

        
 

5 µg/ml       100 µg/ml 

 

Figure 2: Schwann cells treated with or without (i.e., the 

control) MgO nanoparticles for 24 hours were monitored 

with bright field microscopy using a Leica DM IRB 

microscope at a magnification of 400X. Distinct 

morphological changes are circled. 

 

Our western blot analysis shows Schwann cells 

treated with MgO nanoparticles for 24 hours exhibited 

increased expression of both of the markers (data not 
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shown). However, the simultaneous increase in expression 

of both pro-inflammatory and anti-inflammatory markers 

in the treated cells is intriguing. This observation 

prompted us to further examine the expression of these 

markers in Schwann cells after exposing them to the 

nanoparticles for 48 hours. The cells so treated did not 

show any difference in expression of IL-6 and PPARγ 

compared to those in respective control cells (data not 

shown), suggesting that the anti-inflammatory effect of 

PPARγ might have counter-balanced the effects of IL-6. 

 

4. CONCLUSIONS 
 

Our results confirm that the Schwann cells we employed 

in this study constitute a good cell model in vitro for 

investigating the pathophysiological mechanisms of 

agents that induce peripheral neuropathy [6-9].  Our 

results also indicate that exposure of Schwann cells to 

MgO nanoparticles lowered their survival in a dose- 

related manner. In parallel with these effects, the treated 

Schwann cells also exhibited progressive changes in 

morphology as the treatment level was increased. At the 

higher treatment doses, their morphological changes were 

reminiscent of cells undergoing necrosis. Furthermore, 

our findings also strongly suggest MgO nanoparticles 

induced inflammatory responses in Schwann cells. 

     Our results may have some pathophysiological 

implications in the impact of exposure to MgO 

nanoparticles on the structure and function of the 

peripheral nervous system. Our on-going and future 

studies aim to further elucidate the mechanism(s) 

underlying the cytotoxicity and inflammatory effects of 

MgO nanoparticles in Schwann cells. 

 

5. ACKNOWLEGDEMENTS 

 
Our study was supported, in part, by an USAMRMC 

Project Grant (Contract #W81XWH-07-2-0078) and NIH 

Grant #P20 RR016454 from the Idaho INBRE Program of 

the National Center for Research Resources. 

 

REFERENCES 
 

[1] Lai JCK, Lai MB, Edgley KL, Bhushan A, Dukhande 

VV, Daniels CK & Leung SW (2007) Silicon 

Dioxide Nanoparticles Can Exert Cytotoxic Effects 

on Neural Cells. In Proceedings of 2007 

Nanotechnology Conference and Trade Show, 

Volume 2, Chapter 8: Bio Materials and Tissues, pp. 

741-743. 

[2] Lai JCK, Lai MB, Jandhyam S, Dukhande VV, 

Bhushan A, Daniels CK & Leung SW (2008) 

Exposure to Titanium Dioxide and Other Metallic 

Oxide Nanoparticles Induces Cytotoxicity on Human 

Neural Cells and Fibroblasts. Int J Nanomed 

3(4):533-545. 

[3] Lai JCK, Ananthakrishnan G, Jandhyam S, Dukhande 

VV, Bhushan A, Gokhale M, Daniels CK & Leung 

SW (2010) Treatment of Human Astrocytoma U87 

Cells with Silicon Dioxide Nanoparticles Lowers 

Their Survival and Alters Their Expression of 

Mitochondrial and Cell Signaling Proteins. Int J 

Nanomed 5:715-723. 

[4] Wang JX, Chen CY, Sun J, Yu HW, Li YF, Li B Xing 

L, Huang YY, He W, Gao YX, Chai ZF & Zhao 

YL (2005) Translocation of inhaled TiO2 

nanoparticles along olfactory nervous system to brain 

studied by synchrotron radiation X-ray fluorescence. 

J high energy phys and nucl phys, 5: 76-79. 

[5] Wu J, Liu W, Xue C,  Zhou S, Lan F, Bi L, Xu 

H, Yang X & Zeng FD. (2009) Toxicity and 

penetration of TiO2 nanoparticles in hairless mice and 

porcine skin after subchronic dermal exposure. 

Toxicol Lett, 191:1-8. 

[6] Jaiswal AR, Bhushan A, Daniels CK & Lai JCK 

(2010) A Cell Culture Model for Diabetic Neuropathy 

Studies. J Idaho Acad Sc 46(1):58-63. 

[7] Jaiswal AR, Lu S, Pfau J, Wong YYW, Bhushan A, 

Leung SW, Daniels CK & Lai JCK (2011) Effects of 

Silicon Dioxide Nanoparticles on Peripheral Nervous 

System Neural Cell Models. Technical Proceedings of 

the 2011 NSTI Nanotechnology Conference and 

Expo – Nanotech 2011, Vol. 3, Chapter 7: 

Environment, Health & Safety, pp. 541 – 544. 

[8] Lu S, Jaiswal AR, Wong YYW, Bhushan A, Leung 

SW, Daniels CK & Lai JCK (2011) Differential 

Cytotoxic Effects of Titanium Oxide Nanoparticles 

on Peripheral Nervous System Neural Cells. 

Technical Proceedings of the 2011 NSTI 

Nanotechnology Conference and Expo – Nanotech 

2011, Vol. 3, Chapter 7: Environment, Health & 

Safety, pp. 533 – 536. 

[9] Jain A, Jaiswal AR, Lu S, Wong YYW, Bhushan A, 

Leung SW, Daniels CK & Lai JCK (2011) Molecular 

Effects of Silicon Dioxide Nanoparticles on Cell 

Survival Signaling of Dorsal Root Ganglion (DRG) 

Neurons and Schwann Cells. Technical Proceedings 

of the 2011 NSTI Nanotechnology Conference and 

Expo – Nanotech 2011, Vol. 3, Chapter 7: 

Environment, Health & Safety, pp. 545 – 548. 

[10] Gojova A, Guo B, Kota SR, Rutledge JC, Kennedy 

IM & Barakat AI (2007) Induction of inflammation in 

vascular endothelial cells by metal oxide 

nanoparticles. Effect of particle composition. Environ 

Health Perspect, 115: 403-409. 

[11]Lu S, Duffin R, Poland C, Daly P, Murphy F, Drost E, 

MacNee W, Stone V & Donaldson K (2009) Efficacy 

of simple short term in Vitro assays for predicting the 

potential of metal oxide nanoparticles to cause 

pulmonary inflammation. Environ Health Perspect, 

117:241-247. 

NSTI-Nanotech 2012, www.nsti.org, ISBN 978-1-4665-6276-9 Vol. 3, 2012 345

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhou%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lan%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bi%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zeng%20FD%22%5BAuthor%5D



