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The usage of nanoparticles (NPs) has been expanded to many fields such as 
agriculture, food industry, medicine and biotechnological fields. Therefore, 
human exposure to NPs is increasing continuously. Accordingly, their potential 
biological effect and toxicity of NPs for humans and the environment is still a 
topic of concern. This study aimed to investigate the cytotoxicity effects of 
magnesium oxide (MgO) and silica (SiO2) NPs on human colon adenocarcinoma 
(HT-29) after 24 hours of exposure. In this study, cytotoxicity of MgO and SiO2NPs 
was evaluated using MTT assay after 24 hours of MgO (50 nm) and SiO2 (90-110 
nm) NP sexposure at doses of 25-200 µg/ml. Moreover, to assess the rate of cell 
apoptosis, cells were stained with ethidium bromide/acridineorange stain. The 
staining was examined under a fluorescent microscope. The exposure of HT29 
cells to SiO2 and MgO NPs increased cytotoxicity in a dose-dependent response. 
Also, these results revealed a significant increase in apoptosis induction in groups 
treated with MgO and SiO2 NPs. These results showed that SiO2 and MgO NPs can 
cause cytotoxicity in HT29 cells and it is better to avoid using them in foodstuff 
and food packaging ingredients.
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INTRODUCTION
Nowadays, nanoparticles are widely used in 

different industries and businesses such as textiles, 
staining, medical imaging, and disease diagnosis. 
Therefore, global investment in nanotechnology 
research and development is increased significantly [1, 
2]. This potential is due to unique physiochemical 
characteristics of materials such as large surface, 
different electronic properties, and reactivity 
level [3, 4]. Currently, NPs are used in different 
industrial processes and a vast spectrum of 
products and systems of daily life (e.g. food, drinks, 
and sunscreen creams). Moreover, nanotechnology 
has many promising applications in the food 

industry, such as improvement of taste and texture 
and increasedproduct shelf life [5, 6]. 

One of the useful nanoparticles in industry and 
medicine is MgO NPs . MgO NPs as an important 
alkali metal oxide is used in catalytic reactions and 
wastewater treatment. MgO NPs show high capacity in 
absorption and analysis of pollutants and fabrication 
of insulation and resistant materials against high 
temperature [7]. The results of different studies show 
that MgO NPs alone or with other antimicrobial 
groups are used as an effective antibacterial agentto 
increase the health of food products [8]. High 
stability, biocompatibility, and low toxicity are among 
the important properties of magnesium oxide [9]. 

http://creativecommons.org/licenses/by/4.0/.
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SiO2 NPs is a non-metallic oxide and has different 
applications in chemical industries and is used as 
an additive in foodstuff, drugs, cosmetics, etc. This 
NP is used in biotechnology and medicine, too 
[10]. The usage of SiO2 NPs as an anticaking agent 
in powder and flavoring products is taken into 
consideration.[11, 12].Nowadays, SiO2 NPs is one of 
the components used in foodstuff and is confirmed 
as an additive (E551). Therefore, finding information 
about the toxicity and safety of SiO2 NPs as a food 
additive is urgently need[13]. So far, different studies 
are conducted on cytotoxicity of NPs and shows that 
size, structure, and surface properties are important 
factors for their toxicities [14, 15]. It has been 
indicated that the toxicity of NPs is dependent on 
their concentration [16]. Determination of suitable 
dose to evaluate cell toxicity is a key component 
to understand toxic effects of NPs under real 
physiological conditions [17]. Kyung et al. (2009) 
investigated SiO2 NPs toxicity in rat keratinocyte 
cells (HEL-30) and showed that SiO2NPs toxicity 
is dependent on exposure and size of NPs. LDH 
leakage was only observed in cells exposed to NPs 
with the diameters of 30 and 40 nm and NPs with 
the diameters of 118 and 535 nm did not show any 
leakage. The results of MTT assay showed a certain 
degree of toxicity for 30-40 nm particles at high 
concentrations (100 µg) compared with 118 and 535 
nm [4]. NPs due to their small size can pass through 
physiological barriers and enter the host circulation 
system and cause disorders in cell process when they 
reach the tissues and organs and this leads to disease 
[18]. Different studies have been conducted on the 
effect of NPs toxicity and toxicities of titanium oxide, 
zinc oxide, silver, and gold on the different cells, such 

as skin, macrophage, heart, liver, and kidneys [19]. 
The distribution of NPs in tissues and organs due 
to their small size and creation of structural and 
histopathological changes and also tissue necrosis 
and dystrophy can be caused concerns [20]. NPs 
toxicity is mainly dependent on the action of NPs and 
biomolecules. Oxidative stress inductionresulting 
reactive oxygen species (ROS) generationis one 
of the main toxicity mechanisms of NPs. High 
production of ROS leads to DNA damage, releases 
intracellular calcium and disorders in mitochondrial 
function followed by cell death [21, 22]. Recently, the 
effect of MgO NPs toxicity in human cardiovascular 
endothelial cells has been reported that is dependent 
on exposure duration, size, and NPs concentration 
[23, 24]. 

Modern nanotechnology is developing rapidly 
and the production of NPs as the main component of 
this science is increased. Therefore, human exposure 
to NMs increasesconsequently.Increased use of 
different nanoparticles that most of them are related 
to biological systems necessitates careful examination 
of the side effects. This research aims to investigate 
the cytotoxic effects of MgO and SiO2NPs on human 
colon adenocarcinoma cells (HT-29) after 24 hours of 
exposure. 

METHODS
Nanoparticles synthesis 

SiO2NPs and MgO NPs were synthesized according 
to the methods proposed by Ding et al. (2016) and 
Parvajanti et al. (2015), respectively [25, 26].Scanning 
Electron Microscopy (SEM), Transmission Electron 
Microscopy (TEM) and X-ray diffraction (XRD) have 
been used in the characterization of NPs to acquire 

Fig. 1.The characterization of synthesized SiO2 NPs. (a) Transmission electron microscopy (TEM); (b) Scanning 
Electron Microscopy (SEM) 
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Fig. 1. The characterization of synthesized SiO2 NPs. (a) Transmission electron microscopy 
(TEM); (b) Scanning Electron Microscopy (SEM)
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the size, shape, and crystalline character(Fig. 1and 2).

SiO2 NPs and MgO NPs sample preparation
To prepare different concentrations of MgO (50 

nm) and SiO2 (90-110 nm) NPs suspension, MgO 
and SiO2 NPs were suspended in deionized water 
and various concentrations of these NPs (25, 50, 100, 
and 200 µg/ml) were prepared. The suspension was 
homogenized with an ultrasonic bath (Sonica MH S3, 
Soltec, Italy) and sterilized using a syringe filter.

Cell cultures
HT-29 cellswere obtained from Cancer Research 

Center, Shiraz University of Medical Sciences. This cell 
line category belongs to human colon adenocarcinoma. 

The cells were cultured in RPMI1640 containing 
glutamate (Sell Max Company, Iran)supplemented 
with10% fetal bovine serum (Gibco Company, USA), 
antibiotics penicillin-streptomycin 100 units/ml (Bio 
Idea Company, Iran), and amphotericin B 2.5mg/ml 
(Sigma Company, USA).Cells were maintained in a 
humidified incubator at37 C in a 5% CO2 atmosphere. 
The supernatant of cells was changed every 48 hours 
and at 80-90% confluence, cells were detached by 
using 0.25% trypsin and were sub-cultured into 25 
cm2 flasks.

Cytotoxicity Assays
The Cytotoxic effects of the MgOand SiO2NPs 

were evaluated by MTT assay, which is based on 

 
 
 
 

  

 
 
Fig. 2.The characterization of synthesized MgO NPs. (a) Transmission electron microscopy (TEM); (b) Scanning 
Electron Microscopy (SEM) 
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Fig. 2. The characterization of synthesized MgO NPs. (a) Transmission electron microscopy 
(TEM); (b) Scanning Electron Microscopy (SEM)

 

Fig. 3. Dose-dependent toxicity of SiO2and MgONPs in HepG2 cells which were treated with various concentrations 
of NPs for 24 h and the cytotoxicity was determined by the MTT assay. Values were the mean ± SD from three 
independent experiments. Significance is indicated by: *p < 0.05 versus the control cells. 
   

Fig. 3. Dose-dependent toxicity of SiO2and MgONPs in HepG2 cells which were treated with various concentra-
tions of NPs for 24 h and the cytotoxicity was determined by the MTT assay. Values were the mean ± SD from 

three independent experiments. Significance is indicated by: *p < 0.05 versus the control cells.
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the reduction of MTT to insoluble purple formazan 
crystals by mitochondrial dehydrogenases.A 
mitochondrial dehydrogenase activity is an 
important marker in cellviability[27].Briefly, for 
this assay, the cells were seeded (1× 104 cells per 
well) in a 96-well culture plate. After overnight 
incubation, the cells were exposed at various 
concentrations (25-200µg/ml) of MgO and 
SiO2NPs for 24h. The MTT assay was performed 
according to the manufacturer’s procedure(Pars 
Tous Company, Iran), following the treatment, 0.1 
mg of MTT was added to each well, then incubation 
of the cell was performed at 37°C for 4h. After 
removing of culture media, 100 µl of DMSO was 
added to each well to dissolve the purple formazan 
crystals. Absorbance was read using a microplate 
reader at 570 nm (Tecan, Salzburg, Austria).All 
experiments were performed in triplicate.Cell 
viability was determined as a percent of the control 
culture value.

Fluorescence technique (Ethidium bromide/Acridine 
orange staining)

Fluorescence staining and cell counting 
under microscope is one of the simple methods 
to identify living and dead cells. In order to 
detect apoptotic or necrotic nuclei ethidium 
bromide and acridine orange was used. Acridine 
orange is a vital color that can be absorbed by 
living cells and penetrate into the cells’ DNA. 
In this condition, living cells’ chromatin under 
microscope appears uniformly green. Ethidium 
chromatin stains dead cells that have lost their 

membrane uniformity. Necrotic cells stained 
orange with no condensed chromatin.The late 
apoptotic cells appeared green with condensed 
and often fragmented nuclei. [28]. 

HT-29 Cells were grown in 6-well culture 
plate at a density of 5×105 cells/welland allowed 
to attach for 24 h. After 24 h of cell attachment, 
plates were washed with phosphate buffered 
saline (PBS) and then cells were incubated with 
various concentrations (25–200 μg/ml) of MgO 
and SiO2 NPs for 24 h. HT29 cells in culture 
medium without NPs were used as the control. 
After incubation, the supernatant medium 
was removed and the cells were washed with a 
sterile PBS. Then 200µl/ml of filtered EDTA 
(1mM) was used for each well to harvest the 
cells from 6 well culture plate. A centrifugation 
(200g,10min) was performed and the cells were 
collected and suspendedin 1 ml of fresh RPMI 
1640 medium.10 ul of dye-cell suspension was 
placed on hemocytometer and cells are viewed 
under a fluorescence microscope and counted to 
quantify apoptosis.

Statistical analysis
Data analysis was performed with SPSS 16 and 

the results were reported as mean and standard 
deviation. In order to investigate the changes in 
different treatments, one-way ANOVA was used. 
In cases in which a significant difference existed 
between treatments, means were compared with 
Duncan test. Thelevel of P<0.05 were considered 
as significance.

 

Fig 4.The effect of different concentrations of MgO and SiO2 NPs on HT-29 cells apoptosis after 24 hours of 
exposure (with fluorescence staining). Different letters show the significant difference between groups (P<0.05).   
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Fig. 4. The effect of different concentrations of MgO and SiO2 NPs on HT-29 cells apoptosis after 24 hours of 
exposure (with fluorescence staining). Different letters show the significant difference between groups (P<0.05).
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RESULTS
In the current study, HT29 cells were exposed 

to MgO NPs (50nm) and SiO2 NPs (90-110nm)at 
25-200 µg/ml for 24 h.The amounts of cytotoxicity 
created by MgO and SiO2 NPs were evaluated using 
the MTT assay and fluorescent(ethidium bromide/
acridine orange) staining. As shown in Fig. 3, 
treating the HT29 cells with SiO2 NP and MgO 
NP increased cytotoxicity in a dose-dependent 
manner. The results indicated that the percentage 
of cytotoxicity increased when the concentrations 
of both types of NPs increased.

The results of fluorescence staining confirmed 
the results related to MTT. A significant increase in 
the cytotoxicity was observed by increasing the NPs 
dosage. As shown in Fig. 4,high dosage of MgO and 
SiO2 NPs showed a significant cytotoxicity. At 200 
µg/ml dosage, the apoptosis percentages in the cells 
treated with SiO2 and MgO NPs were78/91 and 
82/78, respectively. Also The results of Fluorescence 
staining by using ethidium bromide/acridine 
orange stain showed that the living cells appeared 
in green and dead cells appeared in orange or 
brown (Fig. 5).

DISCUSSION AND CONCLUSIONS
In recent years, the studies that have focused on 

the negative effects of NPs on human health are 
increasing significantly but still is a concern about 
the potential biological effects and toxicity of these 
particles[29]. In the current study, the cytotoxicity 
of MgOand SiO2 NPs was investigated using MTT 
assay and fluorescence technique. In the current 

study, it was found that exposure to SiO2 and MgO 
nanoparticles at a dosage level of 25-200 µg/ml 
caused dose dependent cytotoxicity as revealed 
by MTT assay and fluorescence technique.These 
findings are in accordence with previous studies. 
Schneideret al. (2017) investigated the cytotoxic 
effects of metal nanoparticles and metal oxide 
(copper, silver, gold, zinc, and titanium oxide) on 
human colon adenocarcinoma cells using MTT 
assay and trypan blue staining. Their findings 
showed a significant decrease in mitochondrial 
activity, that this value in cells treated by high silver 
concentration was 40% and in cells treated with 
gold was 60% [30]. These results were similar to 
our results. The results of previous studies proved 
that SiO2 NPs can intervene with molecular cells 
and influence the cell growth and also, they showed 
cytotoxic effects [31]. In another study, Sergentet 
al. (2012) investigated the cytotoxic and genotoxic 
effect of SiO2 NPs with the diameters of 25 and 
100 nm. Their results showed that the exposure 
of HT29 cells to SiO2 NPs induced slightly 
cytotoxicity effect[32]. There is a concern about the 
distribution of nanoparticles in tissues and organs 
due to their small size and creating structural and 
hisopathologic transformation and also tissue 
necrosis and dystrophy[20]. Among metal oxide 
nanomaterials, MgO NPs due to low cost and 
biocompatibility are very important. Also, studies 
showed that MgONPs hadlower toxicity compared 
with other NPs such as ZnO and TiO2[33]. The 
toxic effect mechanism of MgONPs in HT-29 
cell after 48 hours exposure was investigated 

 

 

Fig 5.Fluorescent microscope images of HT-29 cells after staining with acridine orange and ethidium bromide. In 
these images, L is living cells, N is necrotic cells, and A refers to cells with secondary apoptosis.  
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Fig. 5. Fluorescent microscope images of HT-29 cells after staining with acridine orange and ethidium bromide. In these 
images, L is living cells, N is necrotic cells, and A refers to cells with secondary apoptosis.



82

S. Ghorbani et al / In vitro toxicological assessment  Nanoparticles

Nanomed Res J 4(2): 77-83, Spring 2019

by Alqahtaniet al.In theirstudycytotoxicity was 
evaluated by using MTT and neutral red uptake 
assays. The results showed that MgONPs reduced 
cell viability in concentration and time-dependent 
manner. MgO NPs caused oxidative stress by 
reducing glutathione (GSH) concentrations and 
enhancingreactive oxygen species (ROS) and lipid 
peroxidation levels [33]. Jebali et al. (2013) reported 
the toxic effect of SiO2 NPs in the form of wire, 
rod,and sphere with different sizes (20, 50 and 100 
nm) on rat pulmonary cells after 6 and 24 hours 
of exposure, using MTT and MTS cytotoxicity 
tests. Their results showed that NPs with smaller 
size (20 nm) have higher toxicity in compared with 
larger sizes. Also, silica nanoparticles in spherical 
form had higher cytotoxic effects. Moreover, 24 
hours of incubationed to higher cell death [34]. 
Bohmertet al. (2012) in their study on NPs toxicity 
of silver coated with peptide, showed the strong 
cytotoxic effects of silver NPs on duplication and 
differentiation where these effects intensified with 
increased incubation time and dose and decreased 
particles size. Nanoparticles toxicity in the cell 
started with morphological transformation and 
decreased cell binding capacity and after 24-48 
hours of exposure, cell death occurred [35]. 

In a recent study by Mai et al. (2012), MgO NPs 
showed considerable toxicity in AGS gastric cancer 
cells that was dose and time dependent. These 
findings are similar to the results of the present 
study. This study also showed structural and 
physiological transformations including chromatin 
compression and fragmentation [36].

In conclusion, our results showed that MgO 
and SiO2NPs can be toxic elements for HT-29 cells 
and this toxicity is dose-dependent. Therefore, it is 
better to avoid them in foodstuffs and packages that 
are directly connected to food. 

ACKNOWLEDGEMENT
We would like to thank  University of 

Shahrekord, University of Shiraz, Miss.M Aghazi, 
Dr A Mohammadi, DrM Masoudian, Dr A 
Kawarizadeh,and M Sangabi for supporting and 
their technical assistance.

CONFLICT OF INTEREST
The authors did not report no conflict of interest.

REFERENCES
1. Bakand S, Farshad A. A review of nanotechnology and 

nanotoxicology (Editorial). Iran Occup Health.2007; 4(1): 
1-3.

2.  Kaluza S, Balderhaar J, Orthen B, Honnert B. Workplace 
exposure to nanoparticles. Brussels, Belgium: European 
Agency for Safety and Health at Work (EU-OSHA).2009.

3. Abnosi MH, SolemaniMehranjani M, Momeni H, Shojafar 
E, Barati M. Induction of Apoptosis in the Rat Bone 
Marrow Mesenchymal Stem Cells Following Sodium 
Arsenite Treatment with the Dose Lesser than that Used for 
Treatment of Malignant Patient. Iran J Basic Med Sci. 2012; 
15(4):900-906.

4. Yu KO, Grabinski CM, Schrand AM, Murdock RC, Wang W, 
Gu B, et al. Toxicity of amorphous silica nanoparticles in 
mouse keratinocytes. Journal of Nanoparticle Research. 
2008;11(1):15-24.

5. Morris VJ. Emerging roles of engineered nanomaterials in the 
food industry. Trends in Biotechnology. 2011;29(10):509-
16.

6. Rashidi L, Khosravi-Darani K. The Applications of 
Nanotechnology in Food Industry. Critical Reviews in Food 
Science and Nutrition. 2011;51(8):723-30.

7. Park JY, Lee YJ, Jun KW, Baeg JO, Yim DJ . Chemical 
synthesis and characterization of highlyoil dispersed MgO 
nanoparticles. J IndEng Chem. 2006;12(6): 882-887.

8. Shi LE, Xing L, Hou B, Ge H, Guo X, Tang Z. Inorganic 
nano mental oxides used as anti-microorganism agents 
for pathogen control. Current Research, Technology 
and Education Topics in Applied Microbiology and 
Microbial.2010; 361-368.

9. Kumaran R, Choi Y-K, Singh V, Song H-J, Song K-G, Kim K, et 
al. In Vitro Cytotoxic Evaluation of MgO Nanoparticles and 
Their Effect on the Expression of ROS Genes. International 
Journal of Molecular Sciences. 2015;16(12):7551-64.

10. Wang F, Gao F, Lan M, Yuan H, Huang Y, Liu J. Oxidative 
stress contributes to silica nanoparticle-induced 
cytotoxicity in human embryonic kidney cells. Toxicology 
in Vitro. 2009;23(5):808-15.

11. Chaudhry Q, Castle L, Watkins DR, editors. Nanotechnologies 
in food. London: Royal society of chemistry; 2010.

12. Dekkers S, Krystek P, Peters RJB, Lankveld DPK, Bokkers 
BGH, van Hoeven-Arentzen PH, et al. Presence and 
risks of nanosilica in food products. Nanotoxicology. 
2010;5(3):393-405.

13. Yang Y-X, Song Z-M, Cheng B, Xiang K, Chen X-X, Liu 
J-H, et al. Evaluation of the toxicity of food additive silica 
nanoparticles on gastrointestinal cells. Journal of Applied 
Toxicology. 2013;34(4):424-35.

14. Gill S, Löbenberg R, Ku T, Azarmi S, Roa W, Prenner EJ. 
Nanoparticles: Characteristics, Mechanisms of Action, and 
Toxicity in Pulmonary Drug Delivery—A Review. Journal 
of Biomedical Nanotechnology. 2007;3(2):107-19.

15. Ginzburg VV, Balijepalli S. Modeling the Thermodynamics 
of the Interaction of Nanoparticles with Cell Membranes. 
Nano Letters. 2007;7(12):3716-22.

16. Lewinski N, Colvin V, Drezek R. Cytotoxicity of 
Nanoparticles. Small. 2008;4(1):26-49.

17. Kong B, Seog JH, Graham LM, Lee SB. Experimental 
considerations on the cytotoxicity of nanoparticles. 
Nanomedicine. 2011;6(5):929-41.

18. Borm PJ, Robbins D, Haubold S, Kuhlbusch T, Fissan H, 
Donaldson K, Schins R, Stone V, Kreyling W, Lademann J, 
Krutmann J. The potential risks of nanomaterials: a review 
carried out for ECETOC. Particle and fibre toxicology. 
2006; 3(1):11.

http://www.ncbi.nlm.nih.gov/pubmed/23493951
http://dx.doi.org/10.1007/s11051-008-9417-9
http://dx.doi.org/10.1007/s11051-008-9417-9
http://dx.doi.org/10.1007/s11051-008-9417-9
http://dx.doi.org/10.1007/s11051-008-9417-9
http://dx.doi.org/10.1016/j.tibtech.2011.04.010
http://dx.doi.org/10.1016/j.tibtech.2011.04.010
http://dx.doi.org/10.1016/j.tibtech.2011.04.010
http://dx.doi.org/10.1080/10408391003785417
http://dx.doi.org/10.1080/10408391003785417
http://dx.doi.org/10.1080/10408391003785417
http://dx.doi.org/10.3390/ijms16047551
http://dx.doi.org/10.3390/ijms16047551
http://dx.doi.org/10.3390/ijms16047551
http://dx.doi.org/10.3390/ijms16047551
http://dx.doi.org/10.1016/j.tiv.2009.04.009
http://dx.doi.org/10.1016/j.tiv.2009.04.009
http://dx.doi.org/10.1016/j.tiv.2009.04.009
http://dx.doi.org/10.1016/j.tiv.2009.04.009
http://dx.doi.org/10.3109/17435390.2010.519836
http://dx.doi.org/10.3109/17435390.2010.519836
http://dx.doi.org/10.3109/17435390.2010.519836
http://dx.doi.org/10.3109/17435390.2010.519836
http://dx.doi.org/10.1002/jat.2962
http://dx.doi.org/10.1002/jat.2962
http://dx.doi.org/10.1002/jat.2962
http://dx.doi.org/10.1002/jat.2962
http://dx.doi.org/10.1166/jbn.2007.015
http://dx.doi.org/10.1166/jbn.2007.015
http://dx.doi.org/10.1166/jbn.2007.015
http://dx.doi.org/10.1166/jbn.2007.015
http://dx.doi.org/10.1021/nl072053l
http://dx.doi.org/10.1021/nl072053l
http://dx.doi.org/10.1021/nl072053l
http://dx.doi.org/10.1002/smll.200700595
http://dx.doi.org/10.1002/smll.200700595
http://dx.doi.org/10.2217/nnm.11.77
http://dx.doi.org/10.2217/nnm.11.77
http://dx.doi.org/10.2217/nnm.11.77


83Nanomed Res J 4(2): 77-83, Spring 2019

S. Ghorbani et al / In vitro toxicological assessment  Nanoparticles

19. Hussain SM, Braydich-Stolle LK, Schrand AM, Murdock 
RC, Yu KO, Mattie DM, et al. Toxicity Evaluation for Safe 
Use of Nanomaterials: Recent Achievements and Technical 
Challenges. Advanced Materials. 2009;21(16):1549-59.

20. Singh N, Manshian B, Jenkins GJS, Griffiths SM, Williams 
PM, Maffeis TGG, et al. NanoGenotoxicology: The 
DNA damaging potential of engineered nanomaterials. 
Biomaterials. 2009;30(23-24):3891-914.

21. Yang H, Liu C, Yang D, Zhang H, Xi Z. Comparative study 
of cytotoxicity, oxidative stress and genotoxicity induced 
by four typical nanomaterials: the role of particle size, 
shape and composition. Journal of Applied Toxicology. 
2009;29(1):69-78.

22.  Lai JC, Lai MB, Jandhyam, S., Dukhande, V.V., Bhushan, 
A., Daniels, C.K., Leung, S.W. Exposure to titanium dioxide 
and other metallicoxide nanoparticles induces cytotoxicity 
onhuman neural cells and fibroblasts. Int J Nanomedicine. 
2008; 3 (4):533-545.

23. Kahru A, Dubourguier H-C, Blinova I, Ivask A, Kasemets K. 
Biotests and Biosensors for Ecotoxicology of Metal Oxide 
Nanoparticles: A Minireview. Sensors. 2008;8(8):5153-70.

24. Vidic J, Stankic S, Haque F, Ciric D, Le Goffic R, Vidy A, 
et al. Selective antibacterial effects of mixed ZnMgO 
nanoparticles. Journal of Nanoparticle Research. 
2013;15(5).

25. Ding T, Yao L, Liu C. Kinetically-controlled synthesis of 
ultra-small silica nanoparticles and ultra-thin coatings. 
Nanoscale. 2016;8(8):4623-7.

26. Purwajanti S, Zhou L, Ahmad Nor Y, Zhang J, Zhang H, 
Huang X, et al. Synthesis of Magnesium Oxide Hierarchical 
Microspheres: A Dual-Functional Material for Water 
Remediation. ACS Applied Materials & Interfaces. 
2015;7(38):21278-86.

27. Mosmann T. Rapid colorimetric assay for cellular growth 
and survival: Application to proliferation and cytotoxicity 
assays. Journal of Immunological Methods. 1983;65(1-

2):55-63.
28. Ribble D, Goldstein NB, Norris DA, Shellman YG. a simple 

technique for quantifying apoptosis in 96-well plates. BMC 
Biotechnol.2005; 5(1):12.

29. Hydzik P. Risks associated with nanotechnology based on 
European Union legislation. PrzeglLek, 2012; 69(8): 490-
491.

30. Schneider T, Westermann M, Glei M. In vitro uptake and 
toxicity studies of metal nanoparticles and metal oxide 
nanoparticles in human HT29 cells. Archives of Toxicology. 
2017;91(11):3517-27.

31. Gehrke H, Frühmesser A, Pelka J, Esselen M, Hecht LL, Blank 
H, et al. In vitrotoxicity of amorphous silica nanoparticles 
in human colon carcinoma cells. Nanotoxicology. 
2012;7(3):274-93.

32. Sergent  JA, Paget V, Chevillard S. Toxicity and genotoxicity 
of nano-SiO2 on human epithelial intestinal HT-29 cell line. 
Ann. Occup. Hyg. 2012; 56(5): 622–630.

33. Alqahtani S, Alomar SY. Induction of apoptosis and cytokine 
markers in colon cancer cells by magnesium oxide (MgO) 
nanoparticles. Toxicological & Environmental Chemistry. 
2016;99(2):302-14.

34. Jebali  A, Hekmatimoghaddam SH, HalvaniGh, Abdolmaleki 
A. Comparison of cytotoxic effect of silica nanoparticles in 
different shapes and sizes on rat lung cells in culture media. 
Quarterly Journal of Occupational Medicine.2013; 5(4):24-
32.

35. Böhmert L, Niemann B, Thünemann AF, Lampen A. 
Cytotoxicity of peptide-coated silver nanoparticles on the 
human intestinal cell line Caco-2. Archives of Toxicology. 
2012;86(7):1107-15.

36. Mai TT, Moon J, Song Y, Viet PQ, Phuc PV, Lee JM, et 
al. Ginsenoside F2 induces apoptosis accompanied by 
protective autophagy in breast cancer stem cells. Cancer 
Letters. 2012;321(2):144-53.

http://dx.doi.org/10.1002/adma.200801395
http://dx.doi.org/10.1002/adma.200801395
http://dx.doi.org/10.1002/adma.200801395
http://dx.doi.org/10.1002/adma.200801395
http://dx.doi.org/10.1016/j.biomaterials.2009.04.009
http://dx.doi.org/10.1016/j.biomaterials.2009.04.009
http://dx.doi.org/10.1016/j.biomaterials.2009.04.009
http://dx.doi.org/10.1016/j.biomaterials.2009.04.009
http://dx.doi.org/10.1002/jat.1385
http://dx.doi.org/10.1002/jat.1385
http://dx.doi.org/10.1002/jat.1385
http://dx.doi.org/10.1002/jat.1385
http://dx.doi.org/10.1002/jat.1385
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dukhande%20VV%5BAuthor%5D&cauthor=true&cauthor_uid=19337421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhushan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19337421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhushan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19337421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daniels%20CK%5BAuthor%5D&cauthor=true&cauthor_uid=19337421
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leung%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=19337421
http://dx.doi.org/10.3390/s8085153
http://dx.doi.org/10.3390/s8085153
http://dx.doi.org/10.3390/s8085153
http://dx.doi.org/10.1007/s11051-013-1595-4
http://dx.doi.org/10.1007/s11051-013-1595-4
http://dx.doi.org/10.1007/s11051-013-1595-4
http://dx.doi.org/10.1007/s11051-013-1595-4
http://dx.doi.org/10.1039/c5nr08224b
http://dx.doi.org/10.1039/c5nr08224b
http://dx.doi.org/10.1039/c5nr08224b
http://dx.doi.org/10.1021/acsami.5b05553
http://dx.doi.org/10.1021/acsami.5b05553
http://dx.doi.org/10.1021/acsami.5b05553
http://dx.doi.org/10.1021/acsami.5b05553
http://dx.doi.org/10.1021/acsami.5b05553
http://dx.doi.org/10.1016/0022-1759(83)90303-4
http://dx.doi.org/10.1016/0022-1759(83)90303-4
http://dx.doi.org/10.1016/0022-1759(83)90303-4
http://dx.doi.org/10.1016/0022-1759(83)90303-4
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ribble%20D%5BAuthor%5D&cauthor=true&cauthor_uid=15885144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldstein%20NB%5BAuthor%5D&cauthor=true&cauthor_uid=15885144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Norris%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=15885144
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shellman%20YG%5BAuthor%5D&cauthor=true&cauthor_uid=15885144
https://www.ncbi.nlm.nih.gov/pubmed/15885144
https://www.ncbi.nlm.nih.gov/pubmed/15885144
http://dx.doi.org/10.1007/s00204-017-1976-z
http://dx.doi.org/10.1007/s00204-017-1976-z
http://dx.doi.org/10.1007/s00204-017-1976-z
http://dx.doi.org/10.1007/s00204-017-1976-z
http://dx.doi.org/10.3109/17435390.2011.652207
http://dx.doi.org/10.3109/17435390.2011.652207
http://dx.doi.org/10.3109/17435390.2011.652207
http://dx.doi.org/10.3109/17435390.2011.652207
http://dx.doi.org/10.1080/02772248.2016.1169684
http://dx.doi.org/10.1080/02772248.2016.1169684
http://dx.doi.org/10.1080/02772248.2016.1169684
http://dx.doi.org/10.1080/02772248.2016.1169684
http://dx.doi.org/10.1007/s00204-012-0840-4
http://dx.doi.org/10.1007/s00204-012-0840-4
http://dx.doi.org/10.1007/s00204-012-0840-4
http://dx.doi.org/10.1007/s00204-012-0840-4
http://dx.doi.org/10.1016/j.canlet.2012.01.045
http://dx.doi.org/10.1016/j.canlet.2012.01.045
http://dx.doi.org/10.1016/j.canlet.2012.01.045
http://dx.doi.org/10.1016/j.canlet.2012.01.045

	In vitro toxicological assessment of MgO and Silica Nanoparticle in human colon carcinoma cells 
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION 
	METHODS
	Nanoparticles synthesis  
	SiO2 NPs and MgO NPs sample preparation 
	Cell cultures 
	Cytotoxicity Assays 
	Fluorescence technique (Ethidium bromide/Acridine orange staining) 
	Statistical analysis 

	RESULTS
	DISCUSSION AND CONCLUSIONS 
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST 
	REFERENCES


