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ABSTRACT  

Nanoparticulate materials have increased its applications in 

commercial products, mainly cosmetic. Polymeric nanoparticle 

to be used as carrier substance must have suitable chemical and 

physical properties and does not induce toxic reactions. 

Poly(methyl methacrylate) (PMMA) and polystyrene (PSty) are 

polymers with a potential to be used in the preparation of 

nanoparticles and used as a carrier system for drug delivery. This 

requires a better understanding of the interaction of these 

polymers with different organisms. In this study, the cytotoxicity 

and phototoxicity profile of the PMMA and PSty nanoparticles 

loaded with sunscreen agents, as 3-benzophenone (BZ-3) and 

octyl methoxycinnamate (OMC), on murine fibroblasts cells 

were measured by standard 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide and neutral red uptake assay. 

PMMA nanoparticles were also evaluated by morphological 

transformation assay. The results showed that the PMMA and 

PSty nanoparticles are nontoxic and could be useful for various 

in-vivo and in-vitro biomedical applications. 
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1. INTRODUCTION 

Lately, nanomaterials have been increasingly incorporated into consumer products, taking 

advantage of its special properties regarding its size, permeation capability and efficiency and 

somewhat beneficial marketing, especially regarding cosmetics. [1] Correspondingly, the field 

of nanotoxicity has grown significantly in order to address concerns (both public and 

regulatory) regarding the potential effects to the environment and human health of nanoparticle 

technology use. [1,2] 

This research should maintain the future, and intensify debates, since the information 

concerning the potential hazards related to nanoparticle exposure is still rare. In particular, 

biological applications that employ nanoparticles to drug delivery have attracted much 

attention [3]. Numerous studies have investigated the harmful implications that nanomaterials 

can bring to human health and the environment [4]. These studies indicate that the nanoparticle-

organism interaction is influenced by the physical and chemical properties of the nanomaterial, 

such as size, composition, shape, surface charge, potential of agglomeration, and solubility. 

Some of these attributes can modify the interaction of the nanoparticles with the organism and 

environment. Even a biocompatible and biodegradable material in its normal dimensions could 

have different reactions when in the nanoscale [5], for instance, achieving natural protective 

barriers (skin, mucosa) and reaching cells and organelles what is impossible in macro scale. 

Therefore, at the moment it is impossible to guarantee the security of nanoparticulate materials 

regarding their macro composition [6-8], what encourage safety and nanotoxicity studies. 

A limited number of in-vitro studies have also been performed to assess the toxicities of the 

nanoparticles using different cellular systems and test methods [9, 10]. However, published 

toxicity data are still considered inadequate to earn a full understanding of the potential toxicity 

of these nanoparticles. Further studies are needed to clarify the risk of these materials as well 

as their application for human use [11-13]. 

Recently in-vitro methods have shown a significant potential for assessing the toxicity of 

environmental and occupational health risks [14-17]. One of the important methods is the MTT 

(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) tetrazolium reduction assay, 

which is based on the ability of viable cells to convert a soluble tetrazolium salt to a formazan 

product, catalyzed by mitochondrial dehydrogenase enzymes and is, therefore, a measure of 

cell viability. Another is the NRU (neutral red uptake) assay, in which viable cells incorporate 
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the dye, and bind the supravital dye neutral red in the lysosomes. These methods have proven 

to be user-friendly, rapid and highly sensitive [18-21]. Another important evaluation regarding 

nanoparticles' use is their carcinogenic potential that can be investigated using the cell 

transformation assay. 

The aim of this study was to evaluate cytotoxicity, phototoxicity, and carcinogenicity of 

nanoparticles composed by the polymers poly (methyl methacrylate) (PMMA) and polystyrene 

(PSty) synthesized via emulsion polymerization using in vitro assays. [22] Biological 

parameters that imply on safety insurance for in vivo application such as particle size and 

polydispersity index, zeta potential, morphology and total solid content were investigated. 

Cytotoxicity tests were assessed in mouse fibroblasts (NCTC-929) and Balb/c-3T3 using two 

viability assays, MTT, NRU, and phototoxicity protocols [23,24]. Carcinogenicity potential 

was evaluated by morphological cell transformation assay (CTA) under an optical microscope 

(OM) which allows identifying a carcinogenic substance by inducing morphological cell 

change [25,26]. 

2. MATERIALS 

The analytical grade monomers used were Methyl Methacrylate (MMA) and Styrene (Sty) 

which were gently supplied by BASF Brazil S/A. The Styrenesulfonic acid sodium salt hydrate 

(StySO3) (Aldrich) Hydroethylmethacrylate (HEMA) (Aldrich, 99%) were used without 

previous purification. As sunscreen agents were used 3-benzophenone (BZ-3) and octyl 

methoxycinnamate (OMC). The Sodium Persulphate (Anidrol, 98%) was used as an initiator 

and colloidal silica pre-dispersed in water (Nalco, 31.25% w/w) was used as a protective 

colloid. The other reagents were used as received. 

3. METHODS 

Nanoparticles preparation by emulsion polymerization 

The polymerization reactions were conducted in a water jacketed glass reactor (150 mL vessel) 

equipped with a reflux condenser and thermostatic bath (Lauda, model E100). Initially, the 

reactor was loaded with the colloidal silica dispersion and heated up to 70 °C. After that, the 

monomer was added and the initiator dissolved in a water quantity. The monomer to initiator 

mass ratio was set equal to 100 for all tested reactions and deionized water was added to 

complete 110 g (total mass). The reactions were carried for four hours and the obtained 
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products were cooled and characterized just after the completion of the described protocol. 

Table 1 shows the formulations and experimental conditions used in the present work.  

Nanoparticles Characterization 

Particle size and polydispersity index 

The mean particle sizes were determined by the means of the dynamic light scattering technique 

using a DelsaNano C model, Beckmann Coulter equipment. All measurements were performed 

in triplicate. Any dilution required to adjust the obscuration range compatible with the 

technique was performed by adding distilled water. 

Zeta potential 

The Laser Doppler Electrophoresis technique was used to determine the velocity of charged 

particles under the influence of an applied electric field (electrophoretic mobility). All 

measurements were performed in a single point mode and repeated fifteen times to ensure a 

representative value expressed by its mean and a standard deviation. Zeta potential (ZP) was 

calculated from the measured electrophoretic mobility considering the Smoluchowsky theory. 

The equipment used was Zetasizer-Nano series, Malvern. Distilled water was used as the 

dispersing medium and each sample was appropriately diluted to ensure a significant 

signal/noise ratio detected by the photon correlator. 

Total Solids Content 

The degree of monomer conversion after polymerization for each of the reactions (see Table 

1) was estimated from the experimentally determined total solids content (TSC). The 

measurements were performed by the means of gravimetric analysis using an oven with air 

circulation (Nova Ética model 400/3ND) and a halogen light thermogravimetric balance 

(Mettler Toledo model HB43-S). The samples were weighed before and after oven drying for 

1h at 105 ºC. The initial weight of each sample was approximately 1.0 g once considered the 

tare weight of the aluminum crucibles and the samples were dried to constant weight under 

halogen light. 
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High-Resolution Scanning Electron Microscopy 

The morphological aspects of the nanoparticles were further characterized using the high-

resolution scanning electron microscopy technique (HR-SEM). A field emission microscope 

model Quanta 3D (FEI Instruments) was used and the system operated at high vacuum mode 

and an accelerating voltage of 20 kV. The samples were sputter coated with gold-palladium 

alloy any charge-up effect. 

Table 1: Formulation and experimental conditions tested in the different polymerization 

reactions. 

Sample 

ID 

MMA  

(g) 

Sty 

(g) 

BZ-3 

(g) 

OMC  

(g) 

NaSty 

(g)  

HEMA 

(g) 

Silica 

(g) 

Water 

(g) 

NTX 31 ---- 5.02 0.50 0.50 0.16 0.17 3.32 45.92 

NTX 32 5.15 ---- 0.50 0.51 0.16 0.17 3.33 46.07 

Cell lines and culture conditions 

Mouse fibroblasts NCTC-929 and Balb/c 3T3 cells were purchased from Adolfo Lutz Institute 

- SP and BCRJ (Bank Cell Rio de Janeiro) respectively. 

These cell lines were grown and maintained using suitable media (DMEM, SigmaUSA) 

supplemented with 10% fetal bovine serum (FBS, Invitrogen). Cells were seeded at 200,000 

cells/T-25 flask in a total volume of 6 mL. When confluent, all the cells were detached using 

trypsin-EDTA (Sigma – USA) 

Evaluation of Cytotoxicity Using the MTT and NRU Assay 

Citotoxicity evaluation was assessed by monitoring the conversion of MTT to formazan and 

neutral red uptake assay. In brief, mouse fibroblasts cells NCTC-929 and Balb/c 3T3 (100 µL; 

1×105 cells.mL-1) were seeded into 96 well microtitre plates as before and left to adhere for 

24 h. The next day, the medium was removed from the wells and replaced with sterilized 

complete medium 5% FCS containing nanoparticles serially diluted at concentrations ranging 

from (15.0 to 0.078) mg.mL-1 (100 μL/well). 

The plates were then incubated with PMMA and PSty nanoparticles for 24 h. Afterwards, the 

medium was replaced with complete media 5 % FCS cointaining MTT (1 mg.mL-1). Plates 
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were incubated for a further 2 h. Then the medium was removed and isopropanol (100 µL) 

added before an incubation of 30 min at 37 ºC. Finally, the absorbance at 570 nm of the plates 

was read with the Multiskan plate reader spectrophotometer (Titertek, USA). Media 

absorbance of cells exposed to medium only was taken as 100% cell viability (the negative 

control). Inhibition of growth of cells was calculated from the relative absorbance of untreated 

control cells at 570 nm and expressed IC 50. 

The cells were also incubated for 3 h with a medium containing neutral red dye (50 µg.mL-1). 

The cells are subsequently washed, the dye was extracted from each well using ethanol/ acetic 

acid/water (50%/1%/49%) and the absorbance was read using a 540 nm spectrophotometer. 

The 3T3 Neutral Red Uptake (NRU) Phototoxicity 

Following literature protocols [24], duplicate 96-well monolayers of 3T3 fibroblasts were 

exposed to serial dilutions of a test material. One of the plates was exposed to 5 J/cm2 UVA(Q-

SUN XE-1 XENON TEST CHAMBER) while the other plate was kept in the dark for 50 

minutes. To assess viability, the neutral red uptake (NRU) by cells exposed to the test chemical 

in the presence of UVA exposure was compared to the NRU by cells exposed to the test 

chemical in the absence of UVA exposure.  

Morphological cell transformation assay 

According the document [25], a total of 1.5 x 103 cells.mL-1 in 10 mL of complete culture 

medium were seeded in 100 Petri dish (Corning,USA). After 24 h, the medium was changed 

to those containing selected concentrations of NTX-31 or NTX-32 (5 replicates each 

concentration). In particular, we used (2.0, 5.0, 13.0 and 20.0) mg to NTX-31 nanoparticles 

and (0.5, 3.0, 8.0 and 10.0) mg.mL-1 to NTX-32 corresponding to IC20, IC30, IC50 and IC80. 

Methylcholanthrene was used as a positive control (1, 2, 3 and 4) µg.mL-1. 

After treatment during 72 h, the media was changed and cultures were maintained for 5 weeks, 

with the media renewed twice a week with 2 % FCS media. In the end, the cells were fixed 

with methanol for 10 min and stained with Giemsa (10%) for 30 min. Type III foci were 

manually scored for morphological transformation under stereomicroscope, as described by 

Sasaki et al (2012).[26] 
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Experimental data were analyzed by Fisher's exact test considering the number of type III foci 

in the treatments and the surviving cells compared to the corresponding negative control 

(untreated cells). Only p > 0.05 was considered statistically significant. 

Statistical analysis 

When at least 2 viability values were below 50% of control condition, the IC50 (toxic 

concentration 50, concentration of particles inducing 50% cell mortality) was calculated using 

3T3 Phototox software (logarithmic transformation of X-values and nonlinear regression -

sigmoidal dose-response analysis with variable slope- with bottom and top constraints set at 0 

and 100 respectively).  

4. RESULTS 

Manufacturing process 

Here, two different monomers were evaluated in the Pickering emulsion polymerization 

process, Sty (NTX 31) and MMA (NTX 32). Both monomers producednanoparticles with 

spherical geometry (Figure 1) with average particle size 91.1 and 112.27, respectively, and low 

polydispersity, as shown in Table 2. Zeta potential was found to be negative, with values of -

32.60 for NTX 31 and -33.20 for NTX 32. 

The solids content was 13.77% for NTX 31 and marginally higher for NTX 32. Comparing this 

data to the expected TSC for each sample, and assuming that non-reacted monomer comprises 

the majority of the remaining volatile material in the samples, it was possible to estimate the 

polymerization efficiency for both materials. This polymerization efficiency was estimated to 

be higher for NTX 32, this sample was expected to contain less residual MMA monomer. 

 

Figure 1: Scanning electron microscopy of (A) NTX 31 and (B) NTX 32 nanoparticles, 

respectively. 
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Table 2: Polystyrene and PMMA nanoparticles characterization. 

Sample ID  Dm IP TSC*(%) PE** ZetaPotential 

NTX 31 91.1 0.019 13.77 84.31 - 32.60 

NTX 32 112.7 0.006 14.15 95.26 - 33.20 

*TSC: total solid content; PE: polymerization efficiency. 

Cytotoxicity studies 

Obtained results indicated non-cytotoxicity potential for the PSty NXT 31 and PMMA NXT 

32 nanoparticles on two murine cell lines. The cytotoxicity data of the two nanoparticles with 

the MTT and NR assay method are presented in Figures 2, 3, 4 and 5. 
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Figure 2: Concentration-cell viability curves of NTX 31 Styrene-NPs following 24-hour 

exposure on murine fibroblasts NCTC-929 using the MTT and NRU assay. 
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Figure 3: Concentration-cell viability curves of NTX-31 Styrene-NPs following 24-hour 

exposure on murine fibroblasts Balb/c – 3T3 using the NRU assay. 
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Table 3: NTX 31 and NTX 32 IC50 value obtained using two cell line and two vital dye. 
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Figure 4: Concentration-cell viability curves of NTX-32 PMMA-NPs following 24-hour 

exposure on murine fibroblasts NCTC-929 using the using the MTT and NRU assay. 
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Figure 5: Concentration-cell viability curves of NTX-32 PMMA-NPs following 24 hours 

exposure on murine fibroblasts Balb/c – 3T3 using the NRU assay. 

For both nanoparticle samples evaluated, IC50 values calculated (respectively concentration 

corresponding to 50% viability) were similar on the cell types and independent of assay method 

as shown in Table 3. 

The IC50 values of NTX 31, were found to be between  11.4 – 12.6 mg.mL-1. NTX 32 

nanoparticle showed IC50 between 6.1 – 7.8 mg.mL-1 (Table 3). According to [27] substances 

with IC50 above of 0.175 mg.mL-1 were considered as nonirritant. 

 

Sample ID  IC50 VN 3T3 IC50 VN 929 IC50 MTT 3T3 

NTX 31 11.96 ± 0.5 mg/mL 12.6 ± 0.32 mg/mL 11.44± 1.04 mg/mL 

NTX 32 6.5 ± 0.6 mg/mL 6.15 ± 0.5 mg/mL 7.8± 0.65 mg/mL 
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Phototoxicity 3T3 NRU 

No toxicity induced by visible irradiation was observed when Balb/c 3T3 cells were exposed 

to 5 J/cm2 UVA. The Photo-Irritation-Factor (PIF) and Mean Photo Effect (MPE) obtained are 

shown in Table 4. Based on the validation study, a test substance with a PIF < 2 or an 

MPE < 0.1 predicts no phototoxicity [28]. These results support the possibility of using these 

nanoparticles in products such as cosmetics. 

Table 4: NTX 31 and NTX 32 phototoxicity values. 

Sample ID  PIF Toxicological 

Probability 

MPE Toxicological 

Probability 

NTX 31 0.917 Non toxic 0.015 Non toxic 

NTX 32 1.780 Non toxic 0.022 Non Toxic 

Cell transformation 

In this assay concentrations above and below the IC 50 were calculated by 3T3-phototox 

software, using MTT or NRU results. The concentration used were 2.0, 5.0, 13.0 and 20.0 

mg for PSty-NTX 31 nanoparticles and 0.5, 3.0, 8.0 and 10 mg.mL-1 for PMMA-NTX 32. For 

the concentrations tested, none of the particles induced significant cellular changes. 

5. DISCUSSION 

Polymeric nanoparticle must have suitable mechanical properties, appropriate degradation time 

and does not induce toxic reactions to be used as carrier systems. The polymers used as 

biomaterials must also be biocompatible [29,30] and functionally active. The poly(methyl 

methacrylate)e (PMMA) is a polymer often used in the preparation of nanoparticles and used 

as a carrier system for substances widely applied to biomedical devices [31]. The PMMA 

systems consist of nanoparticles with good biocompatibility, which in its bulk form is more 

toxic than when nanoparticles [32]. In [33] was showed that the polymeric film of PS, PMMA, 

1:1 PS/PMMA was suitable for promoting cell adhesion and proliferation, without the need for 

any surface modification but they suggested that in vivo cytotoxicity and cell adhesion tests 

are necessary to establish a more precise and direct evaluation of the advantages and 

disadvantages of PS/PMMA systems [31]. The toxicity of functionalized PSty nanoparticles 

have been evaluated toward the yeast Saccharomyces cerevisiae and nanoparticles with 

negative surface charge showed littler to no toxicity [34]. 
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In this work, both PSty NTX 31 and PMMA NTX 32 nanoparticles showed no adverse effects 

on the fibroblast murine cells Balb/c-3T3 and NCTC929, revealing to be biocompatible. The 

concentrations to obtain the IC50 values are quite high for a substance to be considered critical 

for use in cosmetics. PMMA is widely used as coating nanoparticles for providing 

biocompatibility. 

The cytotoxicity and phototoxicity profile of the nanoparticles on murine fibroblasts as 

measured by standard 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay and 

neutral red uptake showed that the particles are nontoxic or phototoxic neither carcinogenic 

and may be useful for various in-vivo and in-vitro biomedical applications. 

Nanomaterial usage will continue to increase rapidly and widely in areas such as cosmetics, 

pharmaceuticals, and other industrial applications. Accurately assessing the toxicity and safety 

of these nanomaterials to human health is of upmost importance. The present study focused too 

on investigating the potential risk of nanomaterials at the microscopic cellular level by 

morphological cell transformation assay. This assay can help revealing general mechanisms of 

toxicity and characterizing exposure to nanomaterials. 

Finally, for the industry, the ultimate aim of nanobiotechnology is to translate the generated 

knowledge into an economically viable and sustainable application. The perspectives are bright 

with a multitude of potential applications including drug delivery, new materials, engineering 

tissue [35,36]. However, most research and development activities are still focused on 

gathering understanding, concept development, providing proof of concept and making first 

prototypes. In order to address the nanotoxicity and the understanding of the mechanisms that 

are involved in cytotoxicity of nanoparticles remains a big challenge. This work aims to 

contribute to the art state of adapting methodologies to evaluate polymeric nanoparticles 

toxicity to biomedicine including theranostics system [37]. 

6. CONCLUSION 

In summary, cell exposure of poly(methyl methacrylate) and polystyrene nanoparticles 

produced concentration-dependent cell death for concentrations above the IC50, and it did not 

induce cell transformation. Therefore, PMMA and PSty nanoparticles can be considered 

nontoxic substances. Further studies are needed to investigate PMMA and PSty 

nanoparticles cytotoxicity to guarantee safety to drug delivery applications. 
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These results allow us to anticipate future applications in biomedical research such as drug 

delivery, diagnosis and therapeutical proposals, such as theranostics systems.  
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