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Abstract

Objective: Silica nanoparticles have been discovered to exert cytotoxicity in normal and cancerous
human cells. Therefore, this study is aimed to evaluate the cytotoxic effect of silica nanoparticle on
some tumor cell lines.

Materials and Methods: Six concentrations (100,200,400,600,800, and1000 pg/ml) of silicon oxide
SiO2nanoparticles (SONPs)with particle size 20-30 nm were prepared and their cytotoxic effect was

tested on Hela, RD and ANM3 cancer cell lines as well as REF normal cell line as a control for 24 and
48 hr by using MTT assay to estimate the optical density (OD) of cell growth at wave length 500nm.
Results: All tumor cell lines (RD, HeLa, and AMN3) demonstrated significant inhibition in the cell
growth index (GI%) after 24 and 48 hr exposure to all concentrations of SONPs, however the GI1% of
Ref cell showed non-significant change after both incubation periods of treatment. On the other
hand, only RD cell line showed significant negative correlation (r=- 0.8178, P=0.047) between GI1%
and the concentration of SONPs after 24 hr exposure, while those HeLa, AMN3,and REF cell lines
showed non-significant correlation whether after 24 hr or 48 hr of treatment.

Conclusion: The SONP per se at diameter 20-30 nm revealed significant cytotoxic effect based on
MTT assay in different tumor cell lines, and the magnitude of their cytotoxic effect is dose-independent
in the majority of cell lines which indicated that they are acting in cell type-dependent manner.
Therefore, pathways by which SONPs induced their cytotoxic effect in tumor cells need further
investigation.
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Introduction

The terms silica refer to naturally occurring materials that composed of silicon
dioxide (SiO2), and can be classified into two types; the first one known as
crystalline silica which is found in in the sand and rocks and responsible for many
serious health problems such as pulmonary silicosis. However, the second type is
known as amorphous silica, which is safer than crystalline silica, therefore, it is
widely used in several kinds of material processing such as pharmaceutical
products, paints, cosmetics, and food [1]. Moreover, with the development of
nanoparticle field, it was found that amorphous silica at diameter size less than
10onm possess different physical and chemical properties with quietly different
activities than native form, so the application of these nanoparticles is rapidly
expanded in the field of nanomedicine [2]. These porous SONPs exhibited
extraordinary qualities for application in biological field as a carrier for delivery
several drugs into the body due to its biocompatibility and biodegradability, low
toxicity and solubility. Although, injection of mesoporous silica subcutaneously in
rats showed no toxicity effects, intraperitoneal and intravenous injections caused
death which may be due to the formation of thrombus [3]. Another researcher
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studied the cytotoxic effect of silica nanoparticle sin vitro and found that the smallest
particles were revealed the most toxic effect, and the alteration in the chemical
properties of the surface of these particles by special treatment act as the key factor
regarding the toxicity aspect [4]. Although other metal oxide nanoparticles have
antitumor activity per se, silica has been shown to be a good carrier for different
anticancer drugs that can be loaded into SONPs and can replacing the need to use
solvents that are often toxic for healthy tissues. Therefore, pore sizes together with
surface treatments are the main features of silica nanoparticles that play a major role
in cell-particle interactions and hence deter- mine toxicity of the material [5] .
Several studies found that porous SONPs with pore size 2-50 nm has played a
significant role as a carrier in pharmaceutical technology for its drug loading and
controlled release drug in tumor sites particularly the delivery of doxorubicin that is
a conventional anticancer drug against various types of cancers [6] [7] .

The application of silica nanoparticles is not restricted for drug delivery system
but it is expanded to be involved in the immunotherapy approach for potential cancer
treatment. This updated approach has been developed by conjugated an engineered
silica particles with a selective antibody specific to HER-2 receptors which are
overexpressed in the malignant cells of breast cancer and make it non responsive to
the hormonal therapy [8]. Additionally, the using of SONPs as photosensitizers
showed a cytotoxic effect to kill a considerable portion of the cancer cells in vitro
higher than other photosensitizers that are previously used in this approach
[9][10]. Furthermore, it was found that exposing cancer cells to ultrasonic field
causes only inhibition in their proliferation rate, however, when these cells placed on
SONPs with 10— 100 nm nanostructures resulted in complete destruction of these
cells during additional ultrasonic exposure [11]. Recently, pancreatic malignant tumor
cells can be destroyed by using near infrared laser which is another photo thermal
approach used in the cancer therapy but using this approach in combination with
colloid porous silica and dimethyl Sulphoxide solvent (DMSO-Psi)was found to be
high enough to destroy the tumor and showed a sufficiently high cytotoxic effect in
vitro [12].Thus this study is designed to investigate the ability of SONP sper se at
certain particle size 20-30 nm in vitro to destroy or inhibit the proliferation of
different cancer cells in vitro by using cytotoxicity assay based on MTT technique.

Materials and methods
Cell lines and culture
Four cell lines were obtained from Iraqi Center of Cancer and Medical Genetics

Research, three of them represent tumor cell lines which include; murine mammary
gland adenocarcinoma (AMN-3), pelvic rhabdomyosarcoma (RD), and cervical
carcinoma (HelLa),and the fourth represent normal cell line which is transformed rat
embryonic fibroblast (REF). The cells were cultured in RPMI 1640 medium
containing 10% (v/v) fetal calf serum, 100 U/mL penicillin, and 100 pg/mL
streptomycin at 37°C in a humidified 5% CO2 incubator, and passaged once every 2—
3 days [13].
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Preparation of Silica nanoparticle (SONP)

Silicon Oxide SiO; nanoparticles(SONPs) were purchased from Nano Rahpouyan Mahan
(NRM)/ Iran with a purity more than 99% and characterized by white color and their size
range from 20-30 nm with bulk density less than 0.1g/cm?. To prepare different concentra-
tions of SONPs, 10 mg of powder was dissolved in 10 ml of RPMI 1640 medium free serum,
to form a concentration of 1000 pg/ml, from which other six concentrations were prepared
by using dilution method and RPMI 1640 free media which include 100,200,400,600, 800and
1000 pg/ml.

Cytotoxicity MTT Assay

The cytotoxic effect of different concentrations of SONPs on the proliferation of the
adherent cells in 96-well microliter plate for 24 and 48 hr incubation periods has been
tested according to [14] method by using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-
tetrazolium bromide (MTT) colorimetric assay method [15] and the absorbance (OD) of
wells was determined on a microplate reader at 500 nm. The average of OD for each
concentration was determined and used for calculation of the growth index percentage
(GI%) according to the following equation:

GI% = (B-A /A) x 100 (Where Gl% is the percentage of growth index, A is the
average of optical density of untreated wells (those treated with phosphate buffer saline),
and B is the average of optical density of treated wells. Negative value of GI% means
growth inhibition, while positive value means growth improvement [16].

Statistical analyses
Differences among independent samples were analyzed by ANOVA and HSD test, while
associations between variables were assessed by using Pearson’s correlation coefficient (r)
test. Any P value < 0.05 was considered as statisticallysignificant.

Results

All concentrations of SONPs caused significant reduction in the OD of all cancer cell
lines whether after 24 hr or 48 hr of exposure, but non-significant reduction in those of REF
cell line (Table 1 & 2).

Tablel. Optical density (OD) of different cell lines after 24 hr exposure to various
concentrations of SONPs.

SONPs OD of Cell line (Mean + SE)
Conc. RD HelLa AMN3 Ref
(pg/ml)

0 (control) | 0.671+0.082 |1.473+0.132 |0.836+0.116 |1.305+0.03
100 0.346 + 0.049* | 0.528 + 0.045* | 0.427 +0.024* | 1.332 + 0.085
200 0.370 £ 0.064* | 0.226 + 0.064* | 0.349 £ 0.075* | 1.280 + 0.177
400 0.367 + 0.077* | 0.235 +0.063* | 0.380 + 0.074* | 1.22 + 0.091
600 0.281 + 0.036* | 0.237 £ 0.054* | 0.342 £ 0.112* | 1.347 + 0.093
800 0.301 + 0.020* | 0.283 +0.043* | 0.340 £ 0.092* | 1.573 + 0.240
1000 0.282 + 0.021* | 0.158 + 0.054* | 0.349 + 0.025* | 1.538 + 0.132

(*) Significant difference at P < 0.05, Two-tail by one-way ANOVA test
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Table 2: Optical density (OD) of different cell lines after 48 hr. exposure to various
concentrations of SONPs.

SONPs OD of Cell line (Mean + SE)
Conc. RD HelLa AMN3 Ref
(ng/ml)

0 (control) | 1.477 +£0.025 | 1.410 +0.224 | 0.983 £ 0.059 | 0.135 + 0.038
100 0.819 + 0.053* | 0.829+0.171* | 0.42 + 0.063* | 0.107 + 0.004
200 0.712 £ 0.055* | 0.317+0.103* | 0.467+0.062* | 0.144 + 0.020
400 0.774 + 0.035* | 0.340+0.106* | 0.348+0.041* | 0.141 + 0.003
600 0.701 £ 0.063* | 0.203+0.037* | 0.417+0.034* | 0.146 + 0.008
800 0.776 + 0.049* | 0.193+0.032* | 0.39 £0.031* | 0.142 + 0.002
1000 0.776 + 0.038* | 0.141+0.023* | 0.437+0.084* | 0.163 + 0.025

(*) Significant difference at P < 0.05, Two-tail by one-way ANOVA test

When these values of OD were converted to growth index percentage according to
previous equation, GI% of cancer cell lines after 24 hr is significantly reduced down to
57.9%, 89.2%, and 58.2% for RD, HeLa, and AMNS3 respectively (Figure.1), while after 48
hr, GI% is also reduced down to 47.4%, 90%, and 55.5% respectively (Figure.2). In
contrast, exposure of REF cell line to different concentrations of SONP for 24 hr and 48
hr showed non-significant change in GI % (Figure.1 & 2 respectively).
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Figure 1. The growth index percentage (Gl %) of cell lines after 24 hr exposure to SiO2 NPs.
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Figure 2. The growth index percentage (Gl %) of cell lines after 48 hr exposure to SiO2 NPs.

According to the statistical analysis by Pearson correlation, the results showed that the
GI % of all cell lines are dose-independent affected by SONPs treatment except for RD cell
line which is significantly reduced as concentration of silicon oxide nanoparticles increases
after 24 hr exposure as shown in Table 3.

Table 3. Correlation coefficient (r) of SONPs concentration with Gl % of different cell lines.

Exposure SiO2 NPs concentration vs Gl % of
period RD HeLa | AMN3 Ref
4 hr r | -0.8178 | -0.6334 | -0.6654 | 0.8013
P 0.047 0.177 0.149 0.055
48hr | r | -0.0493 | -0.7845 | -0.2177 | 0.7696
P 0.926 0.064 0.679 0.073
Negative r value means reverse correlation, Positive r
value means direct correlation

Discussion

The cell viability of all cancer cell lines (RD, HeLa,and AMN3) was significantly reduced
after 24 and 48 hr of exposure to different concentrations of SONPs based on MTT assay
(Figure. 1 & 2) in dose-independent manner (Table.3). However this treatment didn’t affect
the viability of normal Ref cell line. Comparable to these results, [17] found that exposure of
cultured human Broncho-alveolar carcinoma-derived cells (A549) to 15-nm or 46-nm silica
nanoparticles for 24, 48, and 72 hr at concentration of (10 -100 pg/ml) causes reduction
in the viability of these cells dependent on the dose and time of exposure. Similarly, little
cytotoxic effects against normal cell lines were reported when treated with SONPs (14 nm)
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at the concentration below 250 pg/ml within 48 hr, but treatment with SONPs at high
concentrations (250-500 pg/ml) and long exposure time(72 h) caused oxidative stress in
different cancer cell lines aswell as membrane damage depending on their type A549>HOS
> HeLa[18]. However, non-cytotoxic doses of 3 different sizes SONPs revealed that smallest
particles showed an apparently higher-fold induction of genotoxic potential in lung cancer
cells A549 [19], so the distinct physicochemical properties of nanoparticles can modulate
their toxicity and modes of action because differences in such properties determine their
interaction with the cell and even within the cell [20]. Furthermore, exposure of cultured
Keratinocyte (HaCaT) from human epidermis to 15, 30 or 100 nm silica nanoparticles at
serial concentrations up to 100 pug/ml caused damage in their DNA molecules due to their
ability to induce oxidative stress that is increased with increasing concentration and
decreasing size of nanoparticles [21]. Similar findings are reported when Murine
macrophages (RAW264.7) and human epithelial lung (A549) cell lines are exposed to
different sizes and different concentrations of SONPs for 4 and 24 hr [22] .

Comparabletotheresultof Refcelllineobtainedin thisstudy,[23] observedinversedose-
dependent relationshipsin human intestine cell line (HT-29) after a 24 hrexposure to Silica
NPs with particle size of 100 nm, in which as the dose of 100 nm silica increases the
higher NPs, the cytotoxic/genotoxic effect decreases. In recent study, it was found that
exposure of two human cell lines; alveolar cells A549, and colorectal cells Caco2, as well as
one murine fibroblast cell line Balb/c 3T3 for 24 hr to SONP suspensions at concentration of
3-100 Pg/mL did not show toxic effects below 100 pg/mL based on neutral red uptake
assay, although transmission electron microscopic (TEM) investigation after treatment
revealed that NPs were internalized by these cells [24] . More recently, it was found that
nanoparticles of amorphous silica prepared in three different process as pyrogenic,
precipitated and colloidal around 20 nm particle size can produce significant cytotoxic
and genotoxic effects in the fibroblasts (V79) cells cultured from the lung of Chinese
hamster after 24 hr of exposure, but none of them induced intracellular reactive oxidative
species, micronuclei or genomic mutations in V79 cells. In contrast, when these three
different nanoparticles are prepared at diameter of 50 nm, negligible toxicity is
yielded[25].

It can be concluded that the SONP per se at diameter 20-30 nm revealed significant
cytotoxiceffect based on MTT assay in different cancer cell lines, and the magnitude of their
cytotoxic effect is dose-independent in the majority of cell lines which indicated that they
are acting in cell type-dependent manner. Therefore, pathways by which SONPs induced
their cytotoxic effect in cancer cells needs further investigation particularly their ability to
induce apoptosis, also theirbiocompatibility in vivorequires more attention.

References

[1] C.C. Leung, Y. ITS, W. Chen, Silicosis, Lancet 379 (2012) 2008-2018.

[2] D. M. Bowman, G. Calster, S. Friedrichs, Nanomaterials and regulation of cosmetics,
Nat Nanotechnol 5 (2010)92-92.

[3] S. P. Hudson, R. F. Padera, R. Langer, D. Kohane, The biocompatibility of
mesoporous silicates. biomaterials (2008).

[4] HA Santos, J Riikonen, J Salonen, E Makila, T Heikkild, and T Laaksonen, In vitro

211



(5]

Journal of University of Babylon, Pure and Applied Sciences, Vol.(26), No.(6): 2018

cytotoxicity of porous silicon microparticles: effect of the particle concentration,
surface chemistry and size, Acta Biomaterialia 6 (7) (2010) 2721—2731.

T. Limnell, J. Riikonen, J. Salonen, A. M. Kaukonen, L. Laitinen, J. Hirvonen,
Surface chemistry and pore size affect carrier properties of mesoporous silicon
microparticles, Inter J Pharmaceutics 343 (1) (2007) 141-147.

[6] V. L, C. D, Z. N, V. R, T. M, E. di Fabrizio, Porous silicon as drug carrier for

[7]

controlled delivery of doxorubicin anticancer agent, Microelectronic Engineering 83
(4) (2006) 1598-1601.

D. S. Kumar, D. Banji, B. B. Madhavi, V. Bodanapu, S. Dondapati, A. P. Sri,
Nanostructured porous silicon—a novel biomaterial for drug delivery, Intern J
Pharm Pharmac Sci 2 (2009) 8-16.

[8] R. Fenollosa, E. Garcia-Rico, A. Susana, R. Alvarez, X. Yu, I. Rodriguez, S. Carregal-

Romero, C. Vil- lanueva, M. Garcia-Algar, R.-G. P, d. L. AR, P. WJ, M. F, RAAlvarez-
Puebla, Silicon particles as trojan horses for potential cancer therapy, J
Nanobiotechnology 12 (2014) 35—37.

[o] L. Xiao, L. Gu, S. B. Howell, M. J. Sailor, Porous silicon as drug carrier for

[10]

[11]

[12]

[13]

[14]

[17]
(18]

[19]

controlled delivery of doxorubicin anticancer agent, ACS Nano 5 (5) (2011) 3651—
3659.

C. Lee, C. Hong, J. Lee, M. Son, S. S. Hong, Comparison of oxidized porous silicon
with bare porous silicon as a photothermal agent for cancer cell destruction based
on in vitro cell test results, Lasers Med Sci 27 (5) (2012) 1001—1008.

L. A. Osminkina, E. Luckyanova, M. Gongalsky, A. Kudryavtsev, A. K. Gaydarova,
R. Poltavtseva,

P. Kashkarov, V. Timoshenko, G. Sukhikh, Effects of nanostructurized silicon on
proliferation of stem and cancer cell, Bulletin Exp Biol Med 151 (1) (2011) 79—83.

C. Hong, C. Lee, In vitro cell tests of pancreatic malignant tumor cells by
photothermotherapy based on dmso porous silicon colloids, Lasers Med Sci 29 (1)
(2014) 221—223.

R. 1. Freshney, Culture of animal cells: A manual for basic technique 5th, 5th
Edition, A John Wiley and Sons, Inc. Publication, New York, 2005.

A. P. Willson, Cytotoxicity and viability assays. in freshney ri (ed.): Animal cell
culture, a practical approach, 2nd Edition, Oxford University Press, New York, 1995,
p-289.

L. B. Betancur-Galvis, J. Saez, H. Granados, A. Salazar, J. Ossa, Antitumor and
antiviral activity of colombian medicinal plant extracts, Mem Inst Oswaldo Cruz 94
(4) (1999) 531-535.

S. Gao, B. P.Yu, Y. Li, W. G. Dong, H. S. Luo, Antiproliferative effect of octreotide on
gastric cancer cells mediated by inhibition of akt/pkb and telomerase, World J
Gastroenterol 9 (10) (2003) 2362—2365.

W. Lin, Y. W. Huang, X. D. Zhou, Y. Ma, In vitro toxicity of silica nanoparticles in
human lung cancer cells, Toxicol Appl Pharmacol 217 (3) (2006) 252—259.

S. J. Choi, J. M. Oh, J. H. Choy, Toxicological effects of inorganic nanoparticles on
human lung cancer a549 cells, J Inorg Biochem 103 (2009) 463—471.

L. Gonzalez, L. C. J. Thomassen, G. Plas, V. Rabolli, D. Napierska, I. Decordier, M.
Roelants, P. H. Hoet, C. E. A. Kirschhock, J. A. Martens, D. Lison, M. Kirsch-
Volders, Exploring the an eugenic and clastogenic potential in the nanosize range:

212



Journal of University of Babylon, Pure and Applied Sciences, Vol.(26), No.(6): 2018

A549 human lung carcinoma cells and amorphous monodisperse silica nanoparticles
as models (2010).

[20] V. Rabolli, L. C. J. Thomassen, C. Princen, D. Napierska, L. Gonzalez, M. Kirsch-
Volders, P. H. Hoet, F. Huaux, C. E. A. Kirschhock, J. A. Martens, D. Lison,
Influence of size, surface area and microporosity on the in vitro cytotoxic activity of
amorphous silica nanoparticles in different cell types (2010).

[21] C. Gong, G. Tao, L. Yang, J. Liu, H. He, Z. Zhuang, The role of reactive oxygen
species in silicon dioxide nanoparticle-induced cytotoxicity and dna damage in
hacat cells, Mol Biol Rep 39 (4) (2011) 4915—4925.

[22] P. Guidi, M. Nigro, M. Bernardeschi, V. Scarcelli, P. Lucchesi, B. Onida, R. Mortera,
G. Frenzilli, Genotoxicity of amorphous silica particles with different structure and
dimension in human and murine cell lines, Mutagenesis 28 (2) (2013) 171—180.

[23] J.A. Sergent, V. Paget, S. Chevillard, Toxicity and genotoxicity of nano-sio2 on
human epithelial intestinal ht-29 cell line, Ann Occup Hyg 56 (5) (2012) 622—-630.

[24] A. Ivask, T. Titma, M. Visnapuu, H. Vija, A. Kakinen, M. Sihtmae, S. Pokhrel, L.
Madler, M. Heinlaan,

K. V, R. Shimmo, A. Kahru, Toxicity of 11 metal oxide nanoparticles to three
mammalian cell types in vitro. curr top med chem, Curr Top Med Chem 15 (18)
(2015) 1914—1929.

[25] Y. Guichard, C. Fontana, E. Chavinier, F. Terzetti, L. Gaté, S. Binet, C. Darne,
Cytotoxic and genotoxic evaluation of different synthetic amorphous silica
nanomaterials in the v79 cell line, Toxicol Ind Health 32 (9) (2016) 1639—1650.

DAY

el LHE o ) Cangs Ahall o3 o8 A ¢ Aty Apmall DAY 6 sl Fpnd) LoSnaly 253l LS (338 i) 1cingl)
) LAY gt (e e ) IS 361 (541

(S s Sld) 305 8 T gl) S (5,001 000,800,600,400,200,100) 1515 o a5 :dasdl ey gl

ekl DAY ad e AIS(AMN3, Hela,RD) dullapudl WIAN Laglad o aensdl layil Jlid) o5 a8y jisagils 30-20 Gl aassy
- iagili 500 ase Job die WIAN gail 4 gl 36N bl MTT [and aladiuly (ele 48,24) Gyt o jidly 55has REF
ISl 5905 aaeal Gl (e delu 48 5 24 e Aoyl DAY s 3 (gsine Jaadis Aillayud) WAL dashd paen il il
GV aagl) OIS RD s Lad o o @Al dea e A bIREF L WIS 6 (grine g el Jaudis e 3 il 0 Laty B0l
i ¢ gl e dele 24 e Ayl IGL) 338 5S35, sall Ausd dalas o (1= = 0.8178, P=0.047) siee duls il ol
Alabed) (e dels 48 o Aol 24 aa slsw Aygine e ADle culael (Hela, AMN3,REF) 1DIA)) Lagha 4

Aaapsl) WA (e Lashad sae b Lsla L Ll (ggine IS05 el jinasili 3020 anaus Leald 2y dusilil) 1A (3lEs o) s ity
O QY DA £ o sadina Ledlad of ) el Llee pSH o adien e cenntl layil sad ofs MTT ) Gasdl Jali) dbdal

ST lagad )z bad eyl WA 3 (gelad) ) 80 e 5l IS 5 DA e daad ) ellldl)

coslal) and) Ll MTT [asd iy glil) IS0 5508 :dalidal) cilals))

213



