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Resumo 

Takamiya AS. Avaliação da resposta tecidual e da citotoxicidade de soluções 

coloidais de nanopartículas de prata [tese]. Araçatuba: Faculdade de 

Odontologia da Universidade Estadual Paulista; 2013. 

 

RESUMORESUMORESUMORESUMO    

O objetivo deste estudo foi investigar o efeito de diferentes soluções coloidais de 

nanopartículas de prata sobre a viabilidade celular de fibroblastos (linhagem 

L929) e sobre a resposta inflamatória de tecido subcutâneo de ratos. 

Nanopartículas de prata (SNP) com tamanho médio de 5 nm foram sintetizadas 

através da redução do nitrato de prata pelo citrato de sódio e estabilizadas com 

amônia (SNP-A) ou polivinilpirrolidona (SNP-P). Para avaliar a viabilidade 

celular, células L929 foram expostas SNP e agentes estabilizantes (amônia (NH3) 

e polivinilpirrolidona (PVP)) (0,1 – 100 μg/mL), e após 6, 24 e 48 h foi realizado 

o ensaio de citotoxicidade celular pelo método do MTT. A resposta tecidual foi 

realizada com tubos de polietileno contendo SNP (1.0 µg/mL; 540 µg/mL) e 

agentes estabilizantes (NH3 0.13 x 10-3 mol/L e PVP 0.19 g/L) implantados no 

tecido conjuntivo dorsal de ratos Wistar por 7, 15, 30, 60 e 90 dias. Os espécimes 

foram corados com hematoxilina e eosina e foram realizadas avaliações 

qualitativa e quantitativa. SNP inibiram a viabilidade celular no teste in vitro de 

maneira concentração-dependente. SNP-A foram mais tóxicas para L929 que as 

partículas estabilizadas com PVP. O exame histológico mostrou que SNP 540 

µg/mL induziram reação tecidual significantemente mais intensa em 30 e 60 dias 

comparado aos grupos controles (solução fisiológica 0,9% e fibrina) nos mesmos 

períodos. As respostas inflamatórias causadas por SNP 1,0 μg/mL, NH3 0,13 x 10-

3 mol/L e PVP 0,19 g/L foram similares aos controles em todos os períodos 

experimentais. Foi possível concluir que a exposição à SNP reduziu a viabilidade 

de células L929 de maneira concentração-dependente. O tipo de agente 

estabilizante interferiu na citotoxicidade sendo SNP-A mais tóxica para L929. 

Ambos os tipos de soluções coloidais de nanopartículas de prata (SNP-A e SNP-

P) a 540 µg/mL induziram significante resposta inflamatória no tecido subcutâneo 

de rato. 

Palavras-chave: Nanopartícula. Prata. Toxicidade. Biocompatibilidade. 
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Abstract 

Takamiya AS. Evaluation of tissue reaction and cytotoxicity of colloidal silver 

nanoparticles [Thesis]. Araçatuba: UNESP - São Paulo State University; 2013. 

 

ABSTRACTABSTRACTABSTRACTABSTRACT    

The aim of this study was to investigate the effect of different colloidal silver 

nanoparticles on cell viability of mouse fibroblasts (cell line L929) and on the 

subcutaneous connective tissue reaction of rats. Silver nanoparticles (SNP) of 

average size 5 nm were synthesized by the reduction of silver nitrate through 

sodium citrate and were stabilized with ammonia (SNP-A) or 

polyvinylpyrrolidone (SNP-P). To evaluate the cell viability, L929 cell were 

exposure to silver nanoparticles (0.1-100 µg/mL), and after 6, 24 and 48h MTT 

assay was performed. The tissue reaction was carried out with polyethylene tubes 

containing silver nanoparticles (1.0 µg/mL; 540 µg/mL) implanted in the dorsal 

connective tissue of Wistar rats for 7, 15, 30, 60, and 90 days. The specimens 

were stained with hematoxylin and eosin and qualitative and quantitative 

evaluations of the reaction were carried out. Silver nanoparticles inhibited the cell 

viability in the in vitro test in a concentration-dependent manner. SNP-A were 

more toxic to L929 than particles stabilized with polyvinylpyrrolidone (PVP). 

Histological examination showed that SNP at 540 µg/mL induced significant 

tissue reaction on 30 and 60 days after implantation compared to the controls 

groups (fibrin and saline 0.9%) at the same periods. The inflammatory responses 

caused by SNP at 1.0 µg/ml, NH3 at 0.13 x 10-3 mol/L and PVP at 0.19 g/L 

solutions were similar to the controls groups in all experimental periods. It was 

possible to conclude that SNP exposure decreased the viability of L929 cells in a 

concentration-dependent manner. The type of stabilizing agent interfered on the 

cytotoxicity of SNP being SNP-A more toxic to L929. Also, both colloidal silver 

nanoparticles (SNP-A and SNP-P) at 540 µg/mL induced significant inflammatory 

response in rat’s subcutaneous tissue. 

 

Key words: Nanoparticle. Silver. Toxicity. Biocompatibility. 
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Introdução 

1. Introduction* 

 

Nanotechnology has emerged as a new science that involves the 

manipulation and creation of materials engineered at nanoscale (Hussain, Hess et 

al. 2005; Ahamed, Karns et al. 2008; Arora, Rajwade et al. 2012; Chairuangkitti, 

Lawanprasert et al. 2013). Application of this new technology has been widely 

spread among different areas of life being used on textiles, biosensors, opacifiers, 

bioelectronics, water filtration system and in the biomedical field especially for 

therapeutic proposals in prostheses, catheters and drug delivery (Arora et al. 2009; 

Ahamed et al. 2010; Castle et al. 2011). Currently, nanomaterials have been 

classified according to the number of external dimensions, one, two or three with 

less than 100 nm, in nanoplates, nanofibers or nanoparticles, respectively (Hoyt 

2008; Ahamed et al. 2010; Arora et al. 2012; Chairuangkitti et al. 2013). The 

small size of nanomaterials frequently results in unique physical and chemical 

characteristics different from the original bulk substance (Asharani et al. 2009; 

AshaRani et al. 2009; Monteiro et al. 2009; Eom and Choi 2010). When the 

materials reach the nano size they became exhibit higher surface area to volume 

ratio which makes them potentially more reactive (Foldbjerg et al. 2011; Beer et 

al. 2012).  

Among all the nanomaterials, clusters of silver atoms that are defined as 

silver nanoparticles (SNP) are by far the one with the highest degree of 

commercialization (Ahamed et al. 2008). Since its introduction in 1990s as a 

colloidal form in ointments to prevent microbial colonization on burns, the use of 

SNP have been increasing exponentially, being currently applied in 
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contraceptive devices, surgical instruments, bandages and bone prostheses (Arora 

et al. 2009; Foldbjerg et al. 2009). This rapid spread of SNP use in medical 

devices was mainly due to its proven antimicrobial activity against about 650 

different disease-causing microorganisms including multidrug resistant strains 

(Braydich-Stolle et al. 2010; Monteiro et al. 2011; Monteiro et al. 2012). Other 

reason that have encouraged the use of SNP for therapeutic proposals was the 

information that in this form silver would be considered less toxic to cells and 

tissues than otherwise (Arora et al. 2008).  

However, it has been stated that the same properties that make SNP 

interesting in various applications may have adverse effects on human health, 

since that several materials that are considered biochemically inert and 

biocompatible in the bulk form can became toxic to different cell types in the 

nano scale (Wei et al. 2010). Chen et al. (2007) found that SNP can induce toxic 

effects much more intense than silver in the microparticulate form when 

implanted intramuscularly in rats (Chen et al. 2007). According to Li et al. (2012) 

the toxicity increases with the decrease in size of the material, smaller particles 

can more easily contact the cellular membrane and be internalized by the cell 

increasing the chance of inducing cytotoxic effects (Li et al. 2012).  

Apart from particles size, the potential cytotoxic of SNP have been shown 

dependent on other factors such as shape, surface properties, or even partially 

attributed the presence of stabilizing agents (El Badawy et al. 2011). Among the 

stabilizing agents used in the chemical reaction method to synthesize SNP, 

ammonia (NH3) and polyvinylpyrrolidone (PVP) are one of the most frequently 

employed to control particle growth and prevent aggregation, however their 
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toxicity profile have not been clearly investigated (Gorup et al. 2011; Lin et al. 

2012; Monteiro et al. 2012). From several studies concerning to the SNP toxicity 

some proposed mechanisms of action of SNP can be found in the currently 

literature, and they are mainly attributed to dissolution or release of silver ion 

from SNP, disruption of cell membrane integrity, penetration of SNP into the cell 

inducing oxidative stress, reactive oxygen species (ROS) generation, interaction 

with protein and/or enzymes inhibiting essential cell activities or DNA damage 

and apoptotic cell death (El Badawy et al. 2011; Suresh et al. 2012).  

Despite the effort of several investigators and the large number of research 

regarding SNP toxicity, the exact mechanism of action of these particles and the 

possible risks to human health or environmental impact in cellular, molecular or 

whole organism level in eukaryotes have not yet completely understood (Ahamed 

et al. 2008). Based on this, the European Scientific Committee on Emerging and 

Newly Identified Health Risks recently stated that the possible risks related to 

SNP exposure should be strongly assessed case-by-case to define toxicological 

profile of these particles (Beer et al. 2012). 

Thus, considering this actual panel of nanotoxicology, it was our intention 

in the current study to determine the effect of SNP synthesised with two different 

stabilizing agents (NH3 and PVP) on cell viability of mouse fibroblasts (L929). 

Furthermore, we aimed to analyse the reaction of subcutaneous connective tissue 

of Wistar rats to SNP and its stabilizing agents. 
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2. Materials and methods 

 

2.1. Synthesis and Characterization of Silver Colloidal Nanoparticles  

Silver colloidal nanoparticles of size average 5nm stabilized with NH3 

(Merck KGaA, Darmstadt; Deutschland, Germany) or PVP (Sigma-Aldrich, St 

Louis, Missouri, USA) were prepared by the chemical reaction method based on 

the use of reducing agent, sodium citrate (Na3C6H5O7), to reduce Ag+ from silver 

nitrate (AgNO3). (Merck KGaA, Darmstadt; Deutschland, Germany) (Gorup et al. 

2011). Briefly, in a tri-neck flasks containing 150 mL of an aqueous solution of 

AgNO3 at 5.0 x 10-3 mol/L were added 7.5 mL of a solution of Na3C6H5O7 at 0.3 

mol/L under the temperature of 90ºC for ~ 6 min until the solution turned amber 

yellow, indicating qualitatively the formation of SNP. After that, 7.5 mL of 

solution of NH3 at 1.4 mol/L were added to the yellow solution to stabilize the 

SNP. This new colloidal solution was kept stirring and heating for two more 

minutes, and then was cooled at room temperature. In another flask, 1 mL of a 

PVP solution at 102 g/L was added to the yellow solution. UV/Visible absorption 

spectroscopy (Spectrophotometer Shimadzu MultSpec-1501; Shimadzu 

Corporation, Tokyo, Honshu, Japan) confirmed the colloidal SNP formation, and 

Transmission Electron Microscopy (Electron Microscope FEG-VP Supra 35; Carl 

Zeiss, Jena, Thuringen, Germany) was used in order to characterize the 

synthesized SNP. 
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2.2.Cell culture 

L929 mouse fibroblasts were cultured in Dulbecco’s modified Eagle’s 

medium (DMEM supplemented with 10% fetal bovine serum, streptomycin (50 

g/mL), 1% antibiotic/antimycotic cocktail (300 units/mL penicillin, 300 µg/mL 

streptomycin, 5 µg/mL amphotericin B), and L-glutamine 0.3 g/L. All of them 

were purchased from GIBCO BRL (Gaithersburg, Maryland, USA) Cells were 

maintained under standard cell culture conditions at 37ºC in a humidified 

atmosphere of 95% air and 5% CO2. Cells were routinely passaged using 0.25% 

trypsin/0.1% EDTA (Sigma-Aldrich, St Louis, Missouri, USA). 

 

2.3. MTT assay  

MTT assay was used to measure the cell viability as previously described 

by Mosman (1983) (Mosmann 1983). Briefly, L929 fibroblasts were seeded into 

24-well plates (1 x 105 cells/mL of medium/ well). After that, the cells were 

incubated at 37ºC, in a humidified air atmosphere of 5% CO2 for 24 h. The cells 

exposure to SNP was initiated at ~ 100% of cell confluence, and the assay was 

done in DMEM medium containing 10% fetal bovine serum and antibiotics as 

described above. Colloidal silver nanoparticles stabilized with NH3 (SNP-A) and 

PVP (SNP-P), and solutions of its respective stabilizing agents, NH3 (70 x 10-3 

mol/L) and PVP (102 g/L) were added to fibroblast culture with doses ranged 

from 0 to 100 µg/mL. Three wells were used for each dose and substance tested. 

Tween 20 and culture medium were used as controls. The exposures of cell 

cultures were stopped by the discarding of the exposure medium after 6, 24 and 

48h. Viable cells were stained with formazan dye (3-[4,5-dimethylthiazol-2-yl]-
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2,5-diphenyltetrazolium bromide) (MTT) (Sigma Chemical Co, St Louis, 

Missouri, USA). MTT was dissolved in PBS at 5 mg/mL, filtered in order to 

sterilize and remove small amounts of insoluble residues and after the times of 

cells exposure to SNP and stabilizing agents, stock MTT solution (20 µL per 180 

µL of culture medium) was added to all wells of the assay, and plates were 

incubated at 37ºC for 4 h. The MTT solution was then discarded and 200 µL of 

isopropylic alcohol were added to each well and mixed for 30 min to dissolve the 

dark blue crystals. The blue solution was then transferred to a 96-well plate and 

the optical density (OD) was read in a micro plate reader (Spectra Max 190; 

Molecular Devices, Sunnyvale, California USA) at 570 nm wavelength. Viability 

was calculated as the ratio of mean of OD obtained for each condition compared 

to the controls conditions. Data were analysed statistically by ANOVA and 

Bonferroni correction. Statistically significant differences were considered if p < 

.05. 

All laboratory assays were carried out at least three times. 

 

2.4.Histological study  

 

Animals 

Sixty 4-6-month-old male Wistar Albino rats, weighing between 250-280 

g, were used. The animals were housed in temperature controlled rooms, and 

received water and food ad libitum. Their care was according to Research Ethics 

Committee of Araçatuba School of Dentistry, which approved the project prior to 

the experiments (protocol number FOA-0050-2010). 



 

35 
 

Materiais e métodos 

 Polyethylene tubes 

Two hundred and forty polyethylene tubes (Abbott Lab of Brazil, Sao 

Paulo, Sao Paulo, Brazil) with 1.0 mm internal diameter, 1.6 mm external 

diameter, and 10.0 mm length were used. Fibrin sponge (Technew, Rio de 

Janeiro, Rio de Janeiro, Brazil) was introduced in the tubes; then it was embedded 

with 0.1 mL of SNP-A or SNP-P at 540 µg/mL, SNP-A or SNP-P at 1.0 µg/mL, 

PVP solution at 0.19 g/L or NH3 solution at 0.13 x 10-3 mol/L. In the control 

groups, the tubes received only the fibrin sponge or the fibrin sponge embedded 

with 0.1 mL of saline 0.9%. 

 

 Protocol in histological study 

The backs of the animals were shaved under anaesthesia with xylazine (10 

mg/kg) and ketamine (25 mg/kg) and disinfected with 5% iodine solution. The 

shaved area received a 2 cm wide incision in a head-to-tail orientation with a 15 

blade (Bard-Parker, Franklin Lakes, New Jersey, USA). The skin was reflected, 

creating 2 pockets in each side of the incision, one in the caudal portion and other 

in the cranial portion. The tubes were implanted into the spaces created and the 

skin was closed with 4.0 silk suture. 

After 7, 15, 30, 60, and 90 days from the implantation time, the animals 

were killed by overdose of anesthetic solution, and the tubes with surrounding 

tissues were removed and fixed in 10% buffered formalin at pH 7.0 (International 

Organization for Standardization. 2007; Federation Dentaire International 

Commission on Dental Materials 1980; American National Standards Institute 

1979). The tubes were then bisected transversely, and both halves were cut again 
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longitudinally with the use of a sharp blade. This was done to allow the surfaces 

to be readily kept in contact with the processing solutions. The specimens were 

processed for glycol methacrylate (Leica Mikrosysteme Vertrieb GMBH DSA, 

Wetzlar, Hessen, Germany) embedding, serially sectioned into 3 mm cuts, and 

stained with hematoxylin-eosin (Gomes-Filho et al. 2001). 

Reactions in the tissue in contact with the material on the opening of the 

tube were scored according to previous studies (Costa et al. 2000; Gomes-Filho et 

al. 2001; Yaltirik et al. 2004) as 0, none or few inflammatory cells and no 

reaction; 1, less than 25 cells and mild reaction; 2, between 25 and 125 cells and 

moderate reaction; and 3, 125 and more cells and severe reaction. Fibrous 

capsules were considered to be thin when thickness was <150 mm and thick at 

>150 mm. Necrosis was recorded as present or absent. An average of the number 

of cells for each group was obtained from 10 separate areas. Data were then 

statistically analysed by Kruskal-Wallis at a significance of 5%. 
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3. Results 

 

3.1.Silver colloidal nanoparticles characterization 

SNP at 540 µg/mL with average diameter of 5 nm were obtained through 

the reduction of AgNO3 with Na3C6H5O7 followed by stabilization with NH3 or 

PVP. These procedures resulted in two different colloidal suspensions of SNP. In 

the UV⁄ Visible analysis (Fig. 1), the absorption peak of SNP ranged from 430 to 

460 nm, characterizing silver particles in nano size. Well-defined plasmon bands 

centred at 430 nm were revealed by the absorption spectra of the SNP-A and 

SNP-P colloidal suspensions (Fig. 1 a and b). The symmetrical shapes of all 

plasmon bands in Fig. 1 confirmed the colloidal stability and the particle size 

distribution. These bands have been commonly assigned to nanoparticles having a 

spherical shape.  

TEM observations (Fig. 2) indicated that the nanoparticles were well 

formed, spherical and dispersed, and with mean diameter of 5 nm (Fig. 2 a and b). 

Furthermore, it was possible to noted a few agglomerates of particles mainly 

when stabilized by PVP (Fig. 2 b). 

 

3.2.MTT assay 

The MTT assay was used to measure the cell toxicit and by extension the 

viability of L929 cells after exposition to SNP-A, SNP-P and stabilizing agents 

(PVP and NH3) for 6, 24 and 48 h. As observed in the figures 3 and 4, a reduction 

in the viability of L929 cells challenged by SNP-A occurred in a dose dependent 

manner and SNP-P occurred in a bell-shaped for all periods analysed. MTT 
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conversion by cells significantly decreased with SNP-A treatment at 2.5 µg/mL or 

higher doses after 6, 24 and 48 h compared to the control (cells without treatment) 

(p < .01) (Figure 3). Cell treatment for 6, 24 and 48 h with SNP-P showed similar 

toxic effects significantly reducing the cell viability compared to the control, 

although at lower doses ranging from 15 to 100 µg/mL (p < .01) (Figure 4). 

Additionally, between the two types of SNP tested at concentrations ranging from 

2.5 to 50 µg/mL, SNP-A was significantly more cytotoxic in the three different 

times evaluated (p < .001). Furthermore, at concentration of 1.0 µg/mL SNP-A 

significantly reduced cell viability compared to SNP-P only after 24 h of 

treatment (p < .01) and at the lowest concentration (0.1 µg/mL) the significant 

reduction occurred after 6 h of treatment (p < .01). 

With regarding to the stabilizing agents, solutions of NH3 and PVP did not 

exhibit any cytotoxic effect on L929 cell after 6, 24 and 48 h of exposure (Figures 

5 and 6).  

 

3.3.Histological study 

The histological analysis was performed after 7, 15, 30, 60 and 90 days, 

according to ISO 10993-6 which specifies test methods for the assessment of the 

local effects after implantation of biomaterials intended for use in medical devices 

or for to be applied topically in clinical indications (International Organization for 

Standardization. 2007). Data related to the fibrous capsule, necrosis and the 

comparisons in each period of time are presented in the table 1.  

In the control groups (saline 0.9% and fibrin) at 7 and 15th day it was 

possible to observe in the tissue around the implanted tubes a moderate 
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inflammatory response with granulation tissue containing mainly macrophages 

and lymphocytes. Over this area, there were young fibroblasts in a disorganized 

distribution (Fig. 7 A-B and F-G). Starting on thirty up to ninety day after 

implantation there was a mild inflammatory infiltrate with reduction in the 

number of inflammatory cells in a thin fibrous capsule with well-organized 

collagen fibers (Fig. 7 C-E and H-J). No statistically significant difference was 

observed between the scores of two control groups in all periods analysed (p < 

.05).  

Compared to the control groups, the tissue reaction was significantly more 

intense for the tubes containing SNP-A and SNP-P at 540 µg/mL, at 30 and 60 

days (p < .01). Histological analyses at 7, 15, 30 and 60 days after implantation 

revealed a moderate inflammatory reaction consisting mainly of macrophages and 

lymphocytes in a fibrous capsule (Fig. 8 A-D and F-I). Only at 90 days, the 

intensity of inflammation was reduced and the fibrous capsules near the tubes 

were thin showing few fibroblasts, inflammatory cells and blood vessel similar to 

the control groups (Fig. 8 E and J). The score analysis between the groups of 

SNP-A and SNP-P at 540 µg/mL in the same experimental periods did not show 

any significant difference (p > .05).  

In sections obtained on days 7 and 15 after the implantation of tubes 

containing fibrin embedded with SNP-A and SNP-P in a concentration which was 

non-toxic in in vitro assay (1.0 µg/mL), it was possible to observe the presence of 

a granulation tissue containing macrophages and lymphocytes in a moderate 

inflammatory reaction (Fig. 7 K-L and P-Q). Mild inflammatory cell infiltration 

and a reduction in the thickness of the fibrous capsule were evident from day 30 
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onward, similarly to the control groups (Fig. 7 M-O and R-T). There were no 

statistically significant differences among the inflammation scores for the 

different types SNP at 1.0 µg/mL in all periods analysed compared to the controls 

(p > .05). However, comparing the two different concentrations of SNP with the 

same stabilizing agent, the groups of higher concentration (540 µg/mL) showed 

significantly more inflammatory cells than the groups of SNP at 1.0 µg/mL on 30 

and 60 days (p < .01). 

On days 7 and 15, moderate inflammatory cell infiltration by lymphocytes 

and macrophages was found in a thick fibrous capsule for ammonia and PVP 

solution (Fig. 8 K-L and P-Q). The intensity of inflammation was reduced on days 

30, 60, and 90, at which point, a thin fibrous capsule with few inflammatory cells 

developed near the tubes was observed (Fig. 8 M-O and R-T). Ammonia and PVP 

solution did not exhibit any statistically significant difference in inflammatory cell 

number compared to the two controls in all periods analysed (p > .05). 

Furthermore, it was possible to note that comparing the tissue reaction induced for 

each type of SNP at 1.0 µg/mL with the response induced for its respective 

stabilizing agent any statistically significant difference was observed for all 

experimental periods (p > .05). SNP-A and SNP-P at 540 µg/mL, 30 and 60 days 

after implantation, induced tissue reaction statistically more intense compared to 

its stabilizing agents (p < .01). 
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Discussion 

There is a general concern of the scientific community regarding to the 

potential toxicity of nanoparticles, mainly because, apart from the size difference, 

nanomaterials also differ in their physicochemical properties from larger-sized 

materials of the same chemical composition (Hussain et al. 2005; Ahamed et al. 

2008; Arora et al. 2009; Arora et al. 2012). It has been accepted that nanoparticles 

can permeate through cellular membranes, translocate to several tissues from the 

contact sites, and cause a range of toxic effects (Kim et al. 2010; Park et al. 2010; 

Kim et al. 2011; Loeschner et al. 2011; Maneewattanapinyo et al. 2011; van der 

Zande et al. 2012).  

Although in terms of toxicological impact of manufactured nanomaterials 

on human health there is still no conclusive data, the well-known antimicrobial 

activity of SNP has encouraged their application in medicine coating catheters, 

implants, and in drugs delivery which would involve intra body applications and 

so easy access of SNP to the tissues and organs (Arora et al. 2009; Ahamed et al. 

2010; Castle et al. 2011; Monteiro et al. 2011; Arora et al. 2012; Monteiro et al. 

2012). In all these medical applications, keep the particle size and stability is 

important to ensure their suitable performance. Furthermore, the stability of 

nanoparticles plays a significant role in several physical, chemical properties and 

consequently influences on the cytotoxicity profile (Gorup et al. 2011; Lankoff et 

al. 2012). According to Gorup et al. (2011) to prevent aggregation and 

precipitation of metal nanoparticles, surfactants, mercaptans, and polymeric 

compounds including polyvinylpyrrolidone, polyvinyl alcohol, and some amino 

acids can be used (Gorup et al. 2011).  
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Therefore, due to the potential use in medical applications of SNP 

stabilized by different stabilizing agents, it was clear the necessity of investigating 

the biocompatibility of these particles by using in vitro and in vivo mammalian 

models.  

In the present in vitro study we used a mouse fibroblast cell line (L929) 

which is secondary cell line considered easy to maintain and preferred in most 

toxicological studies for presenting better reproducibility of data (Wei et al. 2010; 

Gomes-Filho et al. 2011). Cell viability was determined by MTT assay which is 

some of the most widely used tools in cell biology for measuring the metabolic 

activity of cells ranging from mammalian to microbial origin (Berridge et al. 

2005). This method is based on the ability of mitochondrial dehydrogenase 

enzymes in living cells to convert the yellow water-soluble tetrazolium salt MTT 

into dark blue formazan crystals. The advantages of this method are its simplicity, 

rapidity and precision (Berridge et al. 2005; Gomes-Filho et al. 2011).  

The results of MTT assay showed that the toxicity of both SNP-A and 

SNP-P was dose-dependent, with SNP-P being the less toxic to L929. Although 

the experimental conditions in this study differed from those used in others 

studies, our results agree with previous investigations that showed that SNP was 

cytotoxic in a concentration-dependent manner. Wei et al. (2010) evaluated the 

toxicity of SNP on L929 and reported that they induced manifestations such as 

severe morphological abnormalities, disruption of the mitochondrial respiratory 

chain, DNA damage and apoptosis also in a dose-dependent manner (Wei et al. 

2010). Another study with HaCaT cells treated with SNP 10 nm showed that the 

exposure to increasing concentrations of SNP (0.006 – 333 µM) caused a 
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concentration- and time-dependent decrease of cell viability demonstrated by the 

MTT assay (Zanette et al. 2011).  

From the figures 3 and 4, it was observed that for all the experimental 

periods SNP-P affected cell viability with significant reduction in the number of 

viable cell at silver concentrations greater or equal 15 µg/mL. On the other hand, 

SNP-A induced significant cytotoxic effect from lower concentration (2.5 µg/mL 

or higher). Several other studies investigating the effect of SNP on different cell 

lines reported cytotoxic results with similar concentrations, such as mouse 

fibroblast cell (50 and 100 µg/mL), alveolar macrophages (10–75 µg/mL), human 

dermal fibroblasts (10-200 µg/mL) or human intestinal cells (5-100 µg/mL) 

(Hussain et al. 2005; Carlson et al. 2008; Arora et al. 2009; Braydich-Stolle et al. 

2010). Although, the exact cytotoxicity mechanisms of SNP still remain unclear, 

many proposed mechanisms can be found in the literature. These mechanisms 

include, dissolution of Ag+ from the SNP, association of SNP with cell 

membranes causing physical damage or subsequent penetration that lead to cell 

malfunction, depletion of glutathione (GSH), increased reactive oxygen species 

generation (ROS) and oxidative stress, which cause disruption of the 

mitochondrial respiratory chain (Miura and Shinohara 2009; Wei et al. 2010; El 

Badawy et al. 2011; Zanette et al. 2011; Kaur and Tikoo 2013). Excessive 

accumulation of ROS can also stimulate inflammatory responses. Furthermore, 

the mitochondrial dysfunction interrupts ATP synthesis, and induces DNA 

damage and finally cell death may occur (Kaur and Tikoo 2013).  

In the present study, SNP-A were significantly more cytotoxic to L929 

when compared to SNP-P in almost all concentrations analysed. Here in, silver 



 

44 
 

Discussão 

colloidal suspensions were prepared with NH3 and PVP as stabilizers. NH3 

stabilizes metallic SNP by the formation of soluble diammine silver complexes, 

which trap free silver ions responsible for particle growth (Gorup et al. 2011). The 

polymers of the PVP group bond on the SNP surfaces through the nitrogen atom 

in their molecule, resulting in flocculation (Kvítek 2008). Despite the flocculation 

process, the chain of the polymer molecule keep the SNP stabilized by PVP 

separated from each other, and the particles are able to interact with the cells 

because of their high surface energy and mobility (Kvítek 2008). 

Soluble diammine silver complex present in the SNP-A might be 

potentiated its cytotoxic effect on L929. According to El Badawy et al. (2011), the 

toxicity of SNP maybe partially attributed to the presence of impurities such as 

silver ion, residual reducing and stabilizing agents from SNP synthesis, since that 

the removal of the residual impurities had a dramatic impact on the reduction of 

toxicity of SNP (El Badawy et al. 2011).  

SNP-P have a negatively charged surface and are dispersible in 

physiological media containing serum (Tan et al. 2009; El Badawy et al. 2011).It 

has been previously reported that they affect various cellular functions such as 

proliferation of PC-12 cells causing DNA damage, cellular content of glutathione 

(GSH) in Caco-2 cell line, induce increased generation of ROS and cell death in 

THP-1 monocytes and show genotoxic effects on lung cancer cells (Foldbjerg et 

al. 2009; Foldbjerg et al. 2011; Bohmert et al. 2012). However, since the head 

groups of PVP interact with surfaces of SNP, whereas the tail groups can tune the 

distances among adsorbed head groups, the presence of the PVP on the SNP-P 

surface may have interfered with the interaction of the particle with the cell 
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membrane or with the process of cellular uptake (Tan et al. 2009), then reducing 

the cytotoxic effect observed in the present study.  

To exclude the possibility that PVP and NH3 in the SNP suspension leads 

to the observed toxicity of the supernatant, the toxicity of isolated stabilizing 

agents was investigated in the MTT assay. The results showed no significant 

effect on the metabolic activitie of L929 for both agents. These findings are in line 

with other studies that stated that PVP is considered non-toxic and biocompatible 

to cells and organs (Luther et al. 2011; Beer et al. 2012).  

To evaluate the biocompatibility of SNP and stabilizing agent we also used 

a model of implantation in the subcutaneous tissue of rats which is one of the 

most appropriate tests to determine the local effects of compounds (Gomes-Filho 

et al. 2010; Gomes-Filho et al. 2011). In the present study, polyethylene tubes 

filled with fibrin and fibrin embedded with saline 0.9% induced few inflammatory 

reactions in the subcutaneous tissue and allowed normal tissue repair, which was 

similar to the results of previous study (Gomes-Filho et al. 2010). 

Moderate inflammatory response, which was reduced with the time 

showing mild inflammatory at 90 days after implantation, was observed for both 

types of SNP at 540 µg/mL. Gomes Filho et al. (2010) found similar tissue 

reaction to SNP at 47 ppm (47 µg/mL) and 2.5% sodium hypochlorite (Gomes-

Filho et al. 2010). Xue et al. (2011) showed that after intramuscular 

administration of SNP the area demonstrated severe inflammatory cells 

infiltration on day 7, but these changes diminished by day 14 (Xue et al. 2012). In 

contrast with our results, Chen et al. (2007) reported that after implanting SNP 

into the rat’s back muscle a serious inflammatory response even after 90 and 180 
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days, with granuloma formation and a large number of macrophages around the 

implanted particles (Chen et al. 2007).  

In the present study we evaluated the tissue reaction to SNP also at 1.0 

µg/mL. To select this concentration we take into account the results previously 

obtained from in vitro analysis of the cell viability assays. This concentration 

corresponded to the higher non-toxic concentration of SNP-A and SNP-P to L929. 

The tissue reaction induced by implantation of SNP-A and SNP-P at 1.0 µg/mL 

did not show any significant difference from the scores of the control groups (p > 

.05). We observed initially the presence of granulation tissue with macrophages 

and lymphocytes, from the 30th days onward there were a reduction in the 

intensity of inflammation. Similar results with mild response were obtained for 

SNP at 23 ppm (23 µg/mL) that were also implanted in subcutaneous tissue of rats 

(Gomes-Filho et al. 2010). 

The histological analyses of the tissue response induced by stabilizing 

agents NH3 at 0.13 x 10-3 mol/L and PVP at 0.19 g/L did not differ from those 

presented by the two controls groups, suggesting that stabilizing agents are not 

responsible for inflammatory response caused by colloidal silver nanoparticles.  

Differently from that observed in in vitro study which showed significant 

reduction in the cell viability after treatment with SNP-A compared to SNP-P, 

comparing the tissue response caused by SNP-A and SNP-P at the same 

concentration in all experimental periods, any significant difference was noted. 

This difference might be due to the fact that the in vitro model analysed the effect 

of SNP on a monolayer of cells and in in vivo model several types of cells and 

complex mechanisms of defence were evolved (Lin et al. 2012). According to Lin 
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et al. (2012) the extension of results obtained from in vitro experiments to the 

prediction of in vivo toxicity can be dificult, since that the complex cell–cell and 

cell–matrix interactions, the diversity of cell types, and hormonal effects present 

in vivo are all missing from cultured cellular systems (Lin, Bu et al. 2012).  

We evaluated the effect of SNP 5 nm stabilized by NH3 and PVP using an 

in vitro model accessing only the cell viability with one cell line, and one in vivo 

model analysing the inflammatory reaction of subcutaneous tissue. Thus, further 

studies concerning the toxicology of SNP with different cell lines and in vivo 

studies related to distribution and accumulation of SNP in organs after different 

ways of exposition, as well as investigation of the effects of chronic low-dose 

SNP exposure to elucidate the exact way whereby these particles interact with 

systems at molecular, cellular level and as a whole in order to establish their 

toxicological profile and ensure their safe application are strongly recommended. 

Finally, it is important to consider that although SNP have shown to be cytotoxic 

at high concentrations, these results do not discourage their future use, since that 

the possible applications for these particles are still in development. One of the 

most challenging objectives which will likely drive the future in nanotechnology 

is the functionalization of SNP in order that they selectively interact with specific 

biological targets taking advantage of their ability to traverse biological barriers 

and go into intracellular space or even interact with the cell surface aiming 

biomedical applications. 
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4. Conclusion 

In summary, our results demonstrated that SNP exposure decreased the 

viability of L929 cells in a concentration-dependent manner. The type of 

stabilizing agent interfered on the cytotoxicity being SNP-A more toxic to L929 

than SNP-P. In addition, SNP at 540 µg/mL induced significant inflammatory 

response in rat’s subcutaneous tissue. At 1.0 µg/mL the intensity of the 

inflammation caused by SNP was reduced, and at this concentration the two types 

of SNP were considered biocompatible. 

 

Acknowledgements 

This study was supported by the Fundação de Amparo à Pesquisa do Estado de 

São Paulo (FAPESP), Brazil, grant number 2010/05788-7. The authors are 

indebted to COMF/CEPID 2013/07296-2 and INCTMN⁄ FAPESP-CNPq for 

preparing and characterizing the colloidal suspensions of SNP. 

 

 

 

 

 



 

49 
 

Referências 

References 

Ahamed, M., Alsalhi, M. S., et al., 2010. Silver nanoparticle applications and 

human health. Clin Chim Acta. 411, 1841-1848. 

Ahamed, M., Karns, M., et al., 2008. DNA damage response to different surface 

chemistry of silver nanoparticles in mammalian cells. Toxicol Appl 

Pharmacol. 233, 404-410. 

American National Standards Institute/American Dental Association document 

no. 41 for recommended standard practices for biological evaluation of 

dental materials. Council on Dental Materials and Devices. J Am Dent 

Assoc 1979; 99, 697–8. 

Arora, S., Jain, J., et al., 2008. Cellular responses induced by silver nanoparticles: 

In vitro studies. Toxicol Lett. 179, 93-100. 

Arora, S., Jain, J., et al., 2009. Interactions of silver nanoparticles with primary 

mouse fibroblasts and liver cells. Toxicol Appl Pharmacol. 236, 310-318. 

Arora, S., Rajwade, J. M., et al., 2012. Nanotoxicology and in vitro studies: the 

need of the hour. Toxicol Appl Pharmacol. 258, 151-165. 

Asharani, P. V., Hande, M. P., et al., 2009. Anti-proliferative activity of silver 

nanoparticles. BMC Cell Biol. 10, 65. 

AshaRani, P. V., Low Kah Mun, G., et al., 2009. Cytotoxicity and genotoxicity of 

silver nanoparticles in human cells. ACS Nano. 3, 279-290. 

Beer, C., Foldbjerg, R., et al., 2012. Toxicity of silver nanoparticles - nanoparticle 

or silver ion? Toxicol Lett. 208, 286-292. 



 

50 
 

Referências 

Berridge, M. V., Herst, P. M., et al., 2005. Tetrazolium dyes as tools in cell 

biology: new insights into their cellular reduction. Biotechnol Annu Rev. 

11, 127-152. 

Bohmert, L., Niemann, B., et al., 2012. Cytotoxicity of peptide-coated silver 

nanoparticles on the human intestinal cell line Caco-2. Arch Toxicol. 86, 

1107-1115. 

Braydich-Stolle, Lucas, L. K., B., et al., 2010. Silver nanoparticles disrupt 

GDNF/Fyn kinase signaling in spermatogonial stem cells. Toxicol Sci. 

116, 577-589. 

Carlson, C., Hussain, S. M., et al., 2008. Unique cellular interaction of silver 

nanoparticles: size-dependent generation of reactive oxygen species. J 

Phys Chem B. 112, 13608-13619. 

Castle, A. B., Gracia-Espino, E., et al., 2011. Hydroxyl-functionalized and N-

doped multiwalled carbon nanotubes decorated with silver nanoparticles 

preserve cellular function. ACS Nano. 5, 2458-2466. 

Chairuangkitti, P., Lawanprasert, S., et al., 2013. Silver nanoparticles induce 

toxicity in A549 cells via ROS-dependent and ROS-independent 

pathways. Toxicol In Vitro. 27, 330-338. 

Chen, D., Xi, T., et al., 2007. Biological effects induced by nanosilver particles: in 

vivo study. Biomed Mater. 2, S126-128. 

Costa, C. A., Teixeira, H. M., et al., 2000. Biocompatibility of two current 

adhesive resins. J Endod. 26, 512-516. 

El Badawy, A. M., Silva, R. G., et al., 2011. Surface charge-dependent toxicity of 

silver nanoparticles. Environ Sci Technol. 45, 283-287. 



 

51 
 

Referências 

Eom, H. J. and Choi, J., 2010. p38 MAPK activation, DNA damage, cell cycle 

arrest and apoptosis as mechanisms of toxicity of silver nanoparticles in 

Jurkat T cells. Environ Sci Technol. 44, 8337-8342. 

Federation Dentaire International Recommended standard practices for biological 

evaluation of dental materials. Federation Dentaire International 

Commission on Dental Materials, Equipment, and Therapeutics. Part 4.1: 

subcutaneous implantation test. Int Dental J. 1980; 30, 173–174. 

Foldbjerg, R., Dang, D. A., et al., 2011. Cytotoxicity and genotoxicity of silver 

nanoparticles in the human lung cancer cell line, A549. Arch Toxicol. 85, 

743-750. 

Foldbjerg, R., Olesen, P., et al., 2009. PVP-coated silver nanoparticles and silver 

ions induce reactive oxygen species, apoptosis and necrosis in THP-1 

monocytes. Toxicol Lett. 190, 156-162. 

Gomes-Filho, J. E., Gomes, A. C., et al., 2011. Evaluation of tissue reaction, cell 

viability and cytokine production induced by Sealapex Plus. J Appl Oral 

Sci. 19, 329-336. 

Gomes-Filho, J. E., Gomes, B. P., et al., 2001. Glycol methacrylate: an alternative 

method for embedding subcutaneous implants. J Endod. 27, 266-268. 

Gomes-Filho, J. E., Silva, F. O., et al., 2010. Tissue reaction to silver 

nanoparticles dispersion as an alternative irrigating solution. J Endod. 36, 

1698-1702. 

Gorup, L. F., Longo, E., et al., 2011. Moderating effect of ammonia on particle 

growth and stability of quasi-monodisperse silver nanoparticles 



 

52 
 

Referências 

synthesized by the Turkevich method. J Colloid Interface Sci. 360, 355-

358. 

Hoyt, V. W. M., 2008. Nanotechnology: emerging health issues. J Chem Health 

Saf. 15, 10-15. 

Hussain, S. M., Hess, K. L., et al., 2005. In vitro toxicity of nanoparticles in BRL 

3A rat liver cells. Toxicol In Vitro. 19, 975-983. 

International Organization for Standardization. ISO 10993-6: Biological 

evaluation of medical devices - Part 6: Tests for local effects after 

implantation. Geneva: ISO; 2007. 

Kaur, J. and Tikoo, K., 2013. Evaluating cell specific cytotoxicity of differentially 

charged silver nanoparticles. Food Chem Toxicol. 51, 1-14. 

Kim, J. S., Sung, J. H., et al., 2011. In vivo Genotoxicity of Silver Nanoparticles 

after 90-day Silver Nanoparticle Inhalation Exposure. Saf Health Work. 2, 

34-38. 

Kim, Y. S., Song, M. Y., et al., 2010. Subchronic oral toxicity of silver 

nanoparticles. Part Fibre Toxicol. 7, 1-11. 

Kvítek, L., Panácek, L., Soukupová, J., Kolár, M., Vecerová, R., Prucek R., 

Holecová, M., Zboril, R., 2008. Effect of surfactants and polymers on 

stability and antibacterial activity of silver nanoparticles (NPs). J Phys 

Chem C. 112, 5825-5834. 

Lankoff, A., Sandberg, W. J., et al., 2012. The effect of agglomeration state of 

silver and titanium dioxide nanoparticles on cellular response of HepG2, 

A549 and THP-1 cells. Toxicol Lett. 208, 197-213. 



 

53 
 

Referências 

Li, L., Sun, J., et al., 2012. Controllable synthesis of monodispersed silver 

nanoparticles as standards for quantitative assessment of their cytotoxicity. 

Biomaterials. 33, 1714-1721. 

Lin, H., Bu, Q., et al., 2012. Current methods and research progress in 

nanomaterials risk assessment. Curr Drug Metab. 13, 354-363. 

Lin, J. J., Lin, W. C., et al., 2012. The cellular responses and antibacterial 

activities of silver nanoparticles stabilized by different polymers. 

Nanotechnology. 23, 065102. 

Loeschner, K., Hadrup, N., et al., 2011. Distribution of silver in rats following 28 

days of repeated oral exposure to silver nanoparticles or silver acetate. Part 

Fibre Toxicol. 8, 18. 

Luther, E. M., Koehler, Y., et al., 2011. Accumulation of silver nanoparticles by 

cultured primary brain astrocytes. Nanotechnology. 22, 37-51. 

Maneewattanapinyo, P., Banlunara, W., et al., 2011. An evaluation of acute 

toxicity of colloidal silver nanoparticles. J Vet Med Sci. 73, 1417-1423. 

Miura, N. and Shinohara, Y., 2009. Cytotoxic effect and apoptosis induction by 

silver nanoparticles in HeLa cells. Biochem Biophys Res Commun. 390, 

733-737. 

Monteiro, D. R., Gorup, L. F., et al., 2011. Silver colloidal nanoparticles: 

antifungal effect against adhered cells and biofilms of Candida albicans 

and Candida glabrata. Biofouling. 27, 711-719. 

Monteiro, D. R., Gorup, L. F., et al., 2009. The growing importance of materials 

that prevent microbial adhesion: antimicrobial effect of medical devices 

containing silver. Int J Antimicrob Agents. 34, 103-110. 



 

54 
 

Referências 

Monteiro, D. R., Silva, S., et al., 2012. Silver nanoparticles: influence of 

stabilizing agent and diameter on antifungal activity against Candida 

albicans and Candida glabrata biofilms. Lett Appl Microbiol. 54, 383-

391. 

Mosmann, T., 1983. Rapid colorimetric assay for cellular growth and survival: 

application to proliferation and cytotoxicity assays. J Immunol Methods. 

65, 55-63. 

Park, E. J., Bae, E., et al., 2010. Repeated-dose toxicity and inflammatory 

responses in mice by oral administration of silver nanoparticles. Environ 

Toxicol Pharmacol. 30, 162-168. 

Suresh, A. K., Pelletier, D. A., et al., 2012. Cytotoxicity induced by engineered 

silver nanocrystallites is dependent on surface coatings and cell types. 

Langmuir. 28, 2727-2735. 

Tan, X., Wang, Z., et al., 2009. Polyvinylpyrrolidone- (PVP-) coated silver 

aggregates for high performance surface-enhanced Raman scattering in 

living cells. Nanotechnology. 20, 445102. 

van der Zande, M., Vandebriel, R. J., et al., 2012. Distribution, elimination, and 

toxicity of silver nanoparticles and silver ions in rats after 28-day oral 

exposure. ACS Nano. 6, 7427-7442. 

Wei, L., Tang, J., et al., 2010. Investigation of the cytotoxicity mechanism of 

silver nanoparticles in vitro. Biomed Mater. 5, 044103. 

Xue, Y., Zhang, S., et al., 2012. Acute toxic effects and gender-related biokinetics 

of silver nanoparticles following an intravenous injection in mice. J Appl 

Toxicol. 32, 890-899. 



 

55 
 

Referências 

Yaltirik, M., Ozbas, H., et al., 2004. Reactions of connective tissue to mineral 

trioxide aggregate and amalgam. J Endod. 30, 95-99. 

Zanette, C., Pelin, M., et al., 2011. Silver nanoparticles exert a long-lasting 

antiproliferative effect on human keratinocyte HaCaT cell line. Toxicol In 

Vitro. 25, 1053-1060. 

 

 

 

 

 

 

 

 

 

 

 



 

56 
 

Figuras 

Figures 

 

 

 

 

 

 

 

Figure 1. UV-visible spectra of silver nanoparticles (SNP) colloidal suspensions with 5 nm 

stabilized with ammonia (a) and polyvinylpyrrolidone (b). 
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Figure 2. Scanning electron microscopy images of colloidal silver nanoparticles (SNP) with 5 nm 

stabilized with polyvinylpyrrolidone (a) and ammonia (b). 
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Figure 3. Viability of fibroblasts (L929) after 6, 24 and 48 h of treatment with SNP-A expressed 

as percentage. Error bars indicate the standard deviations of the means. *p < .05, as compared to 

the control group by using a one-way ANOVA followed by Bonferroni test. 
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Figure 4. Viability of fibroblasts (L929) after 6, 24 and 48 h of treatment with SNP-P expressed as 

percentage. Error bars indicate the standard deviations of the means. *p < .05, as compared to the 

control group by using a one-way ANOVA followed by Bonferroni test. 
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Figure 5. Viability of fibroblasts (L929) after 6, 24 and 48 h of treatment with NH3 solution 

expressed as percentage. Error bars indicate the standard deviations of the means. *p < .05, as 

compared to the control group by using a one-way ANOVA followed by Bonferroni test. 
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Figure 6. Viability of fibroblasts (L929) after 6, 24 and 48 h of treatment with PVP solution 

expressed as percentage. Error bars indicate the standard deviations of the means. *p < .05, as 

compared to the control groups by using a one-way ANOVA followed by Bonferroni test. 
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Figure 7. 7 days: (A) control (saline 0.9%), (F) control (fibrin), (K) SNP-A (1.0 μg/mL), (P) 
SNP-P (1.0 μg/mL) thick fibrous capsule formation and moderate cell inflammatory infiltration 
consisting of macrophages and lymphocytes (hematoxylin-eosin staining, 10x). 15 days: (B) 

control (saline 0.9%), (G) control (fibrin), (L) SNP-A (1.0 μg/mL), (Q) SNP-P (1.0 μg/mL) thick 
fibrous capsule formation and moderate cell inflammatory infiltration consisting of macrophages 
and lymphocytes (hematoxylin-eosin staining, 10x). 30 days: (C) control (saline 0.9%), (H) 
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control (fibrin), (M) SNP-A (1.0 μg/mL), (R) SNP-P (1.0 μg/mL) thin fibrous capsule formation 
and mild cell inflammatory infiltration consisting of lymphocytes, macrophages (hematoxylin-
eosin staining, 10x). 60 days: (D) control (saline 0.9%), (I) control (fibrin), (N) SNP-A (1.0 
μg/mL), (S) SNP-P (1.0 μg/mL) thin fibrous capsule formation and mild cell inflammatory 
infiltration consisting of lymphocytes, macrophages (hematoxylin-eosin staining, 10x). 90 days: 

(E) control (saline 0.9%), (J) control (fibrin), (O) SNP-A (1.0 μg/mL), (T) SNP-P (1.0 μg/mL) 
thin fibrous capsule formation and mild cell inflammatory infiltration consisting of lymphocytes, 
macrophages (hematoxylin-eosin staining, 10x). 
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Figure 8. 7 days: (A) SNP-A (540 μg/mL), (F) SNP-P (540 μg/mL), (K) NH3 solution (0.13 x 10-

3 mol/L), (P) PVP solution (0.19 g/L) thick fibrous capsule formation and moderate cell 
inflammatory infiltration consisting of macrophages and lymphocytes (hematoxylin-eosin staining, 
10x). 15 days: (B) SNP-A (540 μg/mL), (G) SNP-P (540 μg/mL), (L) NH3 solution (0.13 x 10-3 
mol/L), (Q) PVP solution (0.19 g/L) thick fibrous capsule formation and moderate cell 
inflammatory infiltration consisting of macrophages and lymphocytes (hematoxylin-eosin staining, 
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10x). 30 days: (C) SNP-A (540 μg/mL), (H) SNP-P (540 μg/mL) moderate cell inflammatory 
infiltration by lymphocytes and macrophages, (M) NH3 solution (0.13 x 10-3 mol/L), (R) PVP 
solution (0.19 g/L) mild cell inflammatory infiltration consisting of lymphocytes and macrophages 
(hematoxylin-eosin staining, 10x), 60 days: (D) SNP-A (540 μg/mL), (I) SNP-P (540 μg/mL) 
moderate cell inflammatory infiltration consisting of lymphocytes and macrophages, (N) NH3 
solution (0.13 x 10-3 mol/L), (S) PVP solution (0.19 g/L) mild cell inflammatory infiltration 
consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 10x). 90 days: (A) SNP-
A (540 μg/mL), (F) SNP-P (540 μg/mL), (K) NH3 solution (0.13 x 10-3 mol/L), (P) PVP solution 
(0.19 g/L) thin fibrous capsule formation and mild cell inflammatory infiltration consisting of 
lymphocytes, macrophages (hematoxylin-eosin staining, 10x). 
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Table 1. Percentage of samples in each group categorized according to the 

inflammatory score, presence of necrosis, and thickness of fibrous capsule. 

 
SUBSTANCE 

     SCORE 

0 1             2 3            Necrosis       Capsule 

7 days      

SNP-A (540.0 μg/mL) 0 0 100 0 Absent              Thick 

SNP-P (540.0 μg/mL) 0 0 100 0 Absent              Thick 

SNP-A (1.0 μg/mL) 0 0 100 0 Absent              Thick              

SNP-P (1.0 μg/mL) 0 0 100 0 Absent           Thick 

NH3 solution 0 0 100 0 Absent              Thick 

PVP solution 0 0 100 0 Absent              Thick 

Fibrin (control) 0 0 100 0 Absent              Thick 

Saline 0.9% (control) 0 0 100 0 Absent              Thick 

15 days      

SNP-A (540.0 μg/mL) 0 0 100 0 Absent             Thick 

SNP-P (540.0 μg/mL) 0 0 100 0 Absent             Thick 

SNP-A (1.0 μg/mL) 0 0 100 0 Absent             Thick 

SNP-P (1.0 μg/mL) 0 0 100 0 Absent             Thick 

NH3 solution 0 0 100 0 Absent             Thick 

PVP solution 0 0 100 0 Absent             Thick 

Fibrin (control) 0 0 100 0 Absent             Thick 

Saline 0.9% (control) 0 0 100 0 Absent             Thick 

30 days      

SNP-A (540.0 μg/mL) 0 0 100 0 Absent              Thin 

SNP-P (540.0 μg/mL) 0 0 100 0 Absent              Thin 

SNP-A (1.0 μg/mL) 0 100 0 0 Absent              Thin 

SNP-P (1.0 μg/mL) 0 100 0 0 Absent              Thin 

NH3 solution 0 100 0 0 Absent              Thin 

PVP solution 0 100 0 0 Absent              Thin 

Fibrin (control) 0 100 0 0 Absent              Thin 

Saline 0.9% (control) 0 100 0 0 Absent              Thin 

60 days      
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SNP-A (540.0 μg/mL) 0 0 100 0 Absent              Thin 

SNP-P (540.0 μg/mL) 0 0 100 0 Absent              Thin 

SNP-A (1.0 μg/mL) 0 100 0 0 Absent              Thin 

SNP-P (1.0 μg/mL) 0 100 0 0 Absent              Thin 

NH3 solution 0 100 0 0 Absent              Thin 

PVP solution 0 100 0 0 Absent              Thin 

Fibrin (control) 0 100 0 0 Absent              Thin 

Saline 0.9% (control) 0 100 0 0 Absent              Thin 

90 days      

SNP-A (540.0 μg/mL) 0 100 0 0 Absent              Thin 

SNP-P (540.0 μg/mL) 0 100 0 0 Absent              Thin 

SNP-A (1.0 μg/mL) 0 100 0 0 Absent           Thin 

SNP-P (1.0 μg/mL) 0 100 0 0 Absent            Thin 

NH3 solution 0 100 0 0 Absent              Thin 

PVP solution 0 100 0 0 Absent              Thin 

Fibrin (control) 0 100 0 0 Absent              Thin 

Saline 0.9% (control) 0 100 0 0 Absent              Thin 
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Anexo AAnexo AAnexo AAnexo A    ––––    Certificado Certificado Certificado Certificado do Comitê de Ética do Comitê de Ética do Comitê de Ética do Comitê de Ética no Uso de no Uso de no Uso de no Uso de 

AnimaisAnimaisAnimaisAnimais    (CEUA)(CEUA)(CEUA)(CEUA)    
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Anexo B Anexo B Anexo B Anexo B ––––    ResultadosResultadosResultadosResultados        

 

Control Saline 0.9% 

 

 

 

 

 

 

 

 

 

 

Figure 1. Control (Saline 0.9%) 7 days: moderate cell inflammatory infiltration consisting of 

lymphocytes and macrophages (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Control (Saline 0.9%) 15 days: fibrous capsule formation and moderate cell 

inflammatory infiltration consisting of macrophages and lymphocytes (hematoxylin-eosin staining, 

10x and 40x). 
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Figure 3. Control (Saline 0.9%) 30 days: fibrous capsule formation and mild cell inflammatory 

infiltration consisting of lymphocytes, macrophages (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Control (Saline 0.9%) 60 days: thin fibrous capsule formation and few inflammatory 

cells (hematoxylin-eosin staining, 10x and 40x). 
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Figure 5. Control (Saline 0.9%) 90 days: thin fibrous capsule formation and few inflammatory 

cells (hematoxylin-eosin staining, 10x and 40x). 
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Control Fibrin 

 

 

 

 

 

 

 

 

 

 

Figure 6. Control (Fibrin) 7 days: moderate cell inflammatory infiltration consisting mainly 

macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Control (Fibrin) 15 days: fibrous capsule formation and moderate cell inflammatory 

infiltration consisting mainly of lymphocytes and macrophages (hematoxylin-eosin staining, 10x 

and 40x). 
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Figure 8. Control (Fibrin) 30 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. Control (Fibrin) 60 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 
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Figure 10. Control (Fibrin) 90 days: thin fibrous capsule formation and mild cell inflammatory 

infiltration (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

75 
 

Anexos 

Silver nanoparticles stabilized with ammonia (1.0 μg/mL) 

 

 

 

 

 

 

 

 

 

 

 

Figure 11. SNP-A (1.0 μg/mL) 7 days: moderate cell inflammatory infiltration consisting of 

lymphocytes and macrophages (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. SNP-A (1.0 μg/mL) 15 days: fibrous capsule formation and moderate cell 

inflammatory infiltration consisting mainly of macrophages and lymphocytes (hematoxylin-eosin 

staining, 10x and 40x). 
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Figure 13. SNP-A (1.0 μg/mL) 30 days: thin fibrous capsule formation and mild cell 

inflammatory infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 

10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 14. SNP-A (1.0 μg/mL) 60 days: thin fibrous capsule formation with few inflammatory 

cells (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

  



 

77 
 

Anexos 

 

 

 

 

 

 

 

 

 

Figure 15. SNP-A (1.0 μg/mL) 90 days: thin fibrous capsule formation and mild cell 

inflammatory infiltration (hematoxylin-eosin staining, 10x and 40x). 
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Silver nanoparticles stabilized with polyvinylpyrrolidone (1.0 μg/mL) 

 

 

 

 

 

 

 

 

 

 

 

Figure 16. SNP-P (1.0 μg/mL) 7 days: moderate cell inflammatory infiltration consisting mainly 

of macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 17. SNP-P (1.0 μg/mL) 15 days: fibrous capsule formation and moderate cell inflammatory 

infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 10x and 

40x). 
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Figure 18. SNP-P (1.0 μg/mL) 30 days: thin fibrous capsule formation and mild cell inflammatory 

infiltration consisting of few macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 

40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 19. SNP-P (1.0 μg/mL) 60 days: thin fibrous capsule formation and mild cell inflammatory 

infiltration (hematoxylin-eosin staining, 10x and 40x). 
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Figure 20. SNP-P (1.0 μg/mL) 90 days thin fibrous capsule formation and mild cell inflammatory 

infiltration (hematoxylin-eosin staining, 10x and 40x). 
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Silver nanoparticles stabilized with ammonia (540 μg/mL) 

 

 

 

 

 

 

 

 

 

 

 

Figure 21. SNP-A (540 μg/mL) 7 days: moderate cell inflammatory infiltration consisting mainly 

lymphocytes and macrophages (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 22. SNP-A (540 μg/mL) 15 days: fibrous capsule formation and moderate cell 

inflammatory infiltration consisting mainly of macrophages and lymphocytes (hematoxylin-eosin 

staining, 10x and 40x) 
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Figure 23. SNP-A (540 μg/mL) 30 days: fibrous capsule formation and moderate cell 

inflammatory infiltration consisting mainly of macrophages and lymphocytes (hematoxylin-eosin 

staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 24. SNP-A (540 μg/mL) 60 days: thick fibrous capsule formation and moderate cell 

inflammatory infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 

10x and 40x). 
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Figure 25. SNP-A (540 μg/mL) 90 days: thin fibrous capsule formation and few inflammatory 

cells (hematoxylin-eosin staining, 10x and 40x). 
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Silver nanoparticles stabilized with polyvinylpyrrolidone (540 μg/mL) 

 

 

 

 

 

 

 

 

 

 

 

Figure 26. SNP-P (540 μg/mL) 7 days: moderate cell inflammatory infiltration consisting mainly 

of macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 27. SNP-P (540 μg/mL) 15 days: fibrous capsule formation and moderate cell 

inflammatory infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 

10x and 40x). 
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Figure 28. SNP-P (540 μg/mL) 30 days: thick fibrous capsule formation and moderate cell 

inflammatory infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 

10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 29. SNP-P (540 μg/mL) 60 days: fibrous capsule formation and moderate cell 

inflammatory infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 

10x and 40x). 
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Figure 30. SNP-P (540 μg/mL) 90 days: thin fibrous capsule formation and few inflammatory 

cells (hematoxylin-eosin staining, 10x and 40x). 
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Ammonia solution (0.13 x 10-3 mol/mL) 

 

 

 

 

 

 

 

 

 

 

 

Figure 31. NH3 solution 7 days: moderate cell inflammatory infiltration consisting mainly of 

macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 32. NH3 solution 15 days: fibrous capsule formation and moderate cell inflammatory 

infiltration consisting of macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 

40x). 
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Figure 33. NH3 solution 30 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 34. NH3 solution 60 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 
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Figure 35. NH3 solution 90 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 
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Polyvinylpyrrolidone solution (0.19 g/L) 

 

 

 

 

 

 

 

 

 

 

 

Figure 36. PVP solution 7 days: moderate cell inflammatory infiltration consisting mainly of 

macrophages and lymphocytes (hematoxylin-eosin staining, 10x and 40x). 

 

 

 

 

 

 

 

 

 

 

 

Figure 37. PVP solution 15 days: fibrous capsule formation and moderate cell inflammatory 

infiltration consisting of lymphocytes and macrophages (hematoxylin-eosin staining, 10x and 

40x). 
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Figure 38. PVP solution 30 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 

 
 

 

 

 

 

 

 

 

 

 

 

Figure 39. PVP solution 60 days: thin fibrous capsule formation and few inflammatory cells 

(hematoxylin-eosin staining, 10x and 40x). 
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Figure 40. PVP solution 90 days: thin fibrous capsule formation and mild cell inflammatory 

infiltration (hematoxylin-eosin staining, 10x and 40x). 
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AAAAnexo nexo nexo nexo CCCC    ––––    Normas do periódico Normas do periódico Normas do periódico Normas do periódico Toxicology LettersToxicology LettersToxicology LettersToxicology Letters    

An international journal for the rapid publication of novel reports on a range 
of aspects of toxicology, especially mechanisms of toxicity. Toxicology Letters 

serves as a multidisciplinary forum for research in toxicology. The prime aim is 

the rapid publication of research studies that are both novel and advance our 

understanding of a particular area. In addition to research reports, mini 

reviews in various areas of toxicology will be published. Clinical, occupational 

and safety evaluation, legal, risk and hazard assessment, impact on man and 

environment studies of sufficient novelty to warrant rapid publication will be 

considered. 
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publishes mini-reviews, editorials, commentaries and contemporary issues in 

toxicology.  

 

Types of paper 
Toxicology Letters publishes short reports on all aspects of toxicology, especially 

mechanisms of toxicity. Toxicology Letters also publishes mini-reviews, 

editorials, commentaries and contemporary issues in toxicology.  

 

Mini-review papers: These papers should be approximately 12-15, 1.5-spaced 

typewritten pages; should be in English and submitted via the Internet on the 

Elsevier website (http://ees.elsevier.com/toxlet). The reference list need not 

be exhaustive, but should include the most significant articles. The names of 

two potential reviewers are also requested. 
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Manuscripts are accepted for review with the understanding that the same 

work has not been published, that it is not under consideration for publication 

elsewhere, and that its submission for publication has been approved by all of 

the authors and by the institution where the work was carried out. Further, it 

is understood that any person cited as a source of personal communications 

has approved such citation.  

 

Authors submitting a manuscript do so on the understanding that if it is 

accepted for publication, copyright in the article, including the right to 

reproduce the article in all forms and media, shall be assigned exclusively to 

Elsevier, unless legally prohibited (e.g. U.S. Federal government employees). 
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For information on Ethics in Publishing and Ethical guidelines for journal 

publication see http://www.elsevier.com/publishingethics and 
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The primary reference must be cited in the secondary publication. Further 

detail on acceptable forms of secondary publication can be found at 

http://www.icmje.org. 
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'Journal Publishing Agreement' form or a link to the online version of this 
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noncommercial purposes, lets others distribute and copy the article, to create 

extracts, abstracts and other revised versions, adaptations or derivative 

works of or from an article (such as a translation), to include in a collective 

work (such as an anthology), to text and data mine the article, as long as 

they credit the author(s), do not represent the author as endorsing their 
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To provide Open Access, this journal has a publication fee which needs to be 

met by the authors or their research funders for each article published Open 

Access. 

Your publication choice will have no effect on the peer review process or 

acceptance of submitted articles. 

 
The publication fee for this journal is $2200, excluding taxes. Learn more 

about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing. 

 

Language (usage and editing services) 
Please write your text in good English (American or British usage is accepted, 

but not a mixture of these). Authors who feel their English language 

manuscript may require editing to eliminate possible grammatical or spelling 

errors and to conform to correct scientific English may wish to use the English 

Language Editing service available from Elsevier's WebShop 

http://webshop.elsevier.com/languageediting/ or visit our customer support 

site http://support.elsevier.com for more information. 

 
Submission  
Submission to this journal proceeds totally online and you will be guided 

stepwise through the creation and uploading of your files. The system 

automatically converts source files to a single PDF file of the article, which is 

used in the peer-review process. Please note that even though manuscript 

source files are converted to PDF files at submission for the review process, 

these source files are needed for further processing after acceptance. All 
correspondence, including notification of the Editor's decisionand requests for 

revision, takes place by e-mail removing the need for a paper trail. 
 
PREPARATION 
Use of wordprocessing software  
It is important that the file be saved in the native format of the wordprocessor 

used. The text should be in single-column format. Keep the layout of the text 

as simple as possible. Most formatting codes will be removed and replaced on 

processing the article. In particular, do not use the wordprocessor's options to 
justify text or to hyphenate words. However, do use bold face, italics, 

subscripts, superscripts etc. When preparing tables, if you are using a table 
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grid, use only one grid for each individual table and not a grid for each row. If 

no grid is used, use tabs, not spaces, to align columns. 

The electronic text should be prepared in a way very similar to that of 

conventional manuscripts (see also the Guide to Publishing with Elsevier: 

http://www.elsevier.com/guidepublication). Note that source files of figures, 
tables and text graphics will be required whether or not you embed your 

figures in the text. See also the section on Electronic artwork. 
To avoid unnecessary errors you are strongly advised to use the 'spell-check' 

and 'grammar-check' functions of your wordprocessor. 

 
Article structure 
Manuscripts should be typewritten, 1.5-spaced. In general, manuscripts 

should not be longer than 10 printed pages (approx. 15, 1.5-spaced pages). 
 
Subdivision - numbered sections 

Divide your article into clearly defined and numbered sections. Subsections 

should be numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not 

included in section numbering). Use this numbering also for internal cross 

referencing: do not just refer to 'the text'. Any subsection may be given a 

brief heading. Each heading should appear on its own separate line. 
 
Introduction 

State the objectives of the work and provide an adequate background, 

avoiding a detailed literature survey or a summary of the results. 
 
Material and methods 

Provide sufficient detail to allow the work to be reproduced. Methods already 

published should be indicated by a reference: only relevant modifications 

should be described. 
 
Theory/calculation 

A Theory section should extend, not repeat, the background to the article 

already dealt with in the Introduction and lay the foundation for further work. 

In contrast, a Calculation section represents a practical development from a 

theoretical basis. 

 
Results 

Results should be clear and concise. 

Discussion 

This should explore the significance of the results of the work, not repeat 

them. A combined Results and Discussion section is often appropriate. Avoid 

extensive citations and discussion of published literature. 
 
Conclusions 

The main conclusions of the study may be presented in a short Conclusions 

section, which may stand alone or form a subsection of a Discussion or 

Results and Discussion section. 
 
Appendices 

If there is more than one appendix, they should be identified as A, B, etc. 

Formulae and equations in appendices should be given separate numbering: 

Eq. (A.1), Eq. (A.2), etc.; in a subsequent appendix, Eq. (B.1) and so on. 

Similarly for tables and figures: Table A.1; Fig. A.1, etc. 
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Essential title page information 
• Title. Concise and informative. Titles are often used in information-retrieval 

systems. Avoid abbreviations and formulae where possible. 

• Author names and affiliations. Where the family name may be ambiguous 

(e.g., a double name), please indicate this clearly. Present the authors' 

affiliation addresses (where the actual work was done) below the names. 

Indicate all affiliations with a lower-case superscript letter immediately after 

the author's name and in front of the appropriate address. Provide the full 

postal address of each affiliation, including the country name and, if available, 

the e-mail address of each author. 

• Corresponding author. Clearly indicate who will handle correspondence at all 
stages of refereeing and publication, also post-publication. Ensure that phone 
numbers (with country and area code) are provided in addition to the e-mail 
address and the complete postal address. Contact details must be kept up to date 
by the corresponding author. 

• Present/permanent address. If an author has moved since the work described 

in the article was done, or was visiting at the time, a 'Present address' (or 

'Permanent address') may be indicated as a footnote to that author's name. 

The address at which the author actually did the work must be retained as the 

main, affiliation address. Superscript Arabic numerals are used for such 

footnotes. 

 
Abstract 
A concise and factual abstract is required. The abstract should state briefly 

the purpose of the research, the principal results and major conclusions. An 

abstract is often presented separately from the article, so it must be able to 

stand alone. For this reason, References should be avoided, but if essential, 

then cite the author(s) and year(s). Also, non-standard or uncommon 

abbreviations should be avoided, but if essential they must be defined at their 

first mention in the abstract itself.  

 
The Abstract should contain approx. 150 - 200 Words. 

Graphical abstract 
A Graphical abstract is optional and should summarize the contents of the 

article in a concise, pictorial form designed to capture the attention of a wide 

readership online. Authors must provide images that clearly represent the 

work described in the article. Graphical abstracts should be submitted as a 

separate file in the online submission system. Image size: Please provide an 

image with a minimum of 531 × 1328 pixels (h × w) or proportionally more. 

The image should be readable at a size of 5 × 13 cm using a regular screen 

resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. 

See http://www.elsevier.com/graphicalabstracts for examples. 

Authors can make use of Elsevier's Illustration and Enhancement service to 

ensure the best presentation of their images also in accordance with all 

technical requirements: Illustration Service. 

 

Highlights 
Highlights are a short collection of bullet points that convey the core findings 

of the article. Highlights are optional and should be submitted in a separate 

file in the online submission system. Please use 'Highlights' in the file name 

and include 3 to 5 bullet points (maximum 85 characters, including spaces, 

per bullet point). See http://www.elsevier.com/highlights for examples. 
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Keywords Immediately after the abstract, provide a minimum of 3, maximum 

of 6 keywords, using American spelling and avoiding general and plural terms 

and multiple concepts (avoid, for example, "and", "of"). Be sparing with 

abbreviations: only abbreviations firmly established in the field may be 

eligible. These keywords will be used for indexing purposes. 
 
Abbreviations 
Define abbreviations that are not standard in this field in a footnote to be 

placed on the first page of the article. Such abbreviations that are 

unavoidable in the abstract must be defined at their first mention there, as 

well as in the footnote. Ensure consistency of abbreviations throughout the 

article. 

 
Acknowledgements  
Collate acknowledgements in a separate section at the end of the article 

before the references and do not, therefore, include them on the title page, as 

a footnote to the title or otherwise. List here those individuals who provided 

help during the research (e.g., providing language help, writing assistance or 
proof reading the article, etc.). 
 
Database linking 
Elsevier encourages authors to connect articles with external databases, 

giving their readers oneclick access to relevant databases that help to build a 

better understanding of the described research. Please refer to relevant 

database identifiers using the following format in your article: Database: xxxx 

(e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). See 

http://www.elsevier.com/databaselinking for more information and a full list 

of supported databases. 

 

Footnotes 
Footnotes should be used sparingly. Number them consecutively throughout 

the article, using superscript Arabic numbers. Many wordprocessors build 

footnotes into the text, and this feature may be used. Should this not be the 

case, indicate the position of footnotes in the text and present the footnotes 

themselves separately at the end of the article. Do not include footnotes in 

the Reference list. 

 
Table footnotes 

Indicate each footnote in a table with a superscript lowercase letter. 

 
Artwork 
Electronic artwork 
General points 

• Make sure you use uniform lettering and sizing of your original artwork. 

• Embed the used fonts if the application provides that option. 

• Aim to use the following fonts in your illustrations: Arial, Courier, Times New 

Roman, Symbol, or use fonts that look similar. 

• Number the illustrations according to their sequence in the text. 

• Use a logical naming convention for your artwork files. 

• Provide captions to illustrations separately. 

• Size the illustrations close to the desired dimensions of the printed version. 

• Submit each illustration as a separate file. 

A detailed guide on electronic artwork is available on our website: 

http://www.elsevier.com/artworkinstructions 
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You are urged to visit this site; some excerpts from the detailed information are 
given here. 
Formats 

If your electronic artwork is created in a Microsoft Office application (Word, 

PowerPoint, Excel) then please supply 'as is' in the native document format. 

Regardless of the application used other than Microsoft Office, when your 

electronic artwork is finalized, please 'Save as' or convert the images to one 

of the following formats (note the resolution requirements for line drawings, 

halftones, and line/halftone combinations given below): EPS (or PDF): Vector 

drawings, embed all used fonts. TIFF (or JPEG): Color or grayscale 

photographs (halftones), keep to a minimum of 300 dpi. TIFF (or JPEG): 

Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 

1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or 

grayscale), keep to a minimum of 500 dpi. 
 
Please do not: 

• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); 

these typically have a low number of pixels and limited set of colors; 

• Supply files that are too low in resolution; 

• Submit graphics that are disproportionately large for the content. 

Color artwork 

Please make sure that artwork files are in an acceptable format (TIFF (or 

JPEG), EPS (or PDF), or MS Office files) and with the correct resolution. If, 

together with your accepted article, you submitusable color figures then 

Elsevier will ensure, at no additional charge, that these figures will appear in 

color on the Web (e.g., ScienceDirect and other sites) regardless of whether 
or not these illustrations are reproduced in color in the printed version. For 
color reproduction in print, you will receive information regarding the costs from 
Elsevier after receipt of your accepted article. Please indicate your preference for 

color: in print or on the Web only. For further information on the preparation 

of electronic artwork, please see 

http://www.elsevier.com/artworkinstructions. Please note: Because of 

technical complications which can arise by converting color figures to 'gray 

scale' (for the printed version should you not opt for color in print) please 

submit in addition usable black and white versions of all the color illustrations. 
 
Figure captions 

Ensure that each illustration has a caption. Supply captions separately, not 
attached to the figure. A caption should comprise a brief title (not on the 

figure itself) and a description of the illustration. Keep text in the illustrations 

themselves to a minimum but explain all symbols and abbreviations used. 
 
Text graphics 

Text graphics may be embedded in the text at the appropriate position. See 

further under Electronic artwork. 

 

Tables 
Tables should be numbered with Arabic numbers and bear a short descriptive 

title. Number tables consecutively in accordance with their appearance in the 

text. Place footnotes to tables below the table body and indicate them with 

superscript lowercase letters. Avoid vertical rules. Be sparing in the use of 

tables and ensure that the data presented in tables do not duplicate results 

described elsewhere in the article. 
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References 
Citation in text Please ensure that every reference cited in the text is also 

present in the reference list (and vice versa). Any references cited in the 

abstract must be given in full. Unpublished results and personal 

communications are not recommended in the reference list, but may be 

mentioned in the text. If these references are included in the reference list 

they should follow the standard reference style of the journal and should 

include a substitution of the publication date with either 'Unpublished results' 

or 'Personal communication'. Citation of a reference as 'in press' implies that 

the item has been accepted for publication. 
 
Web references 

As a minimum, the full URL should be given and the date when the reference 

was last accessed. Any further information, if known (DOI, author names, 

dates, reference to a source publication, etc.), should also be given. Web 

references can be listed separately (e.g., after the reference list) under a 

different heading if desired, or can be included in the reference list. 
 
References in a special issue 

Please ensure that the words 'this issue' are added to any references in the 

list (and any citations in the text) to other articles in the same Special Issue. 
 

Reference management software This journal has standard templates available in 

key reference management packages EndNote 

(http://www.endnote.com/support/enstyles.asp) and Reference Manager 

(http://refman.com/support/rmstyles.asp). Using plug-ins to wordprocessing 

packages, authors only need to select the appropriate journal template when 

preparing their article and the list of references and citations to these will be 

formatted according to the journal style which is described below. 

 
Reference style 

Text: All citations in the text should refer to: 

1. Single author: the author's name (without initials, unless there is ambiguity) 

and the year of publication; 
2. Two authors: both authors' names and the year of publication; 

3. Three or more authors: first author's name followed by 'et al.' and the year of 

publication. 

Citations may be made directly (or parenthetically). Groups of references 

should be listed first alphabetically, then chronologically. 

Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 

1999). Kramer et al. (2010) have recently shown ....' 
List: References should be arranged first alphabetically and then further sorted 

chronologically if necessary. More than one reference from the same author(s) 

in the same year must be identified by the letters 'a', 'b', 'c', etc., placed after 

the year of publication. 

 
Examples: 

Reference to a journal publication: 

Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a 

scientific article. J. Sci. Commun. 163, 51–59. 

 

Reference to a book: 

Strunk Jr., W., White, E.B., 2000. The Elements of Style, fourth ed. Longman, 

New York. 
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Reference to a chapter in an edited book: 

Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version of 

your article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic 

Age. E-Publishing Inc., New York, pp. 281–304. 

 
Video data  
Elsevier accepts video material and animation sequences to support and 

enhance your scientific research. Authors who have video or animation files 

that they wish to submit with their article are strongly encouraged to include 
links to these within the body of the article. This can be done in the same way 

as a figure or table by referring to the video or animation content and noting 

in the body text where it should be placed. All submitted files should be 

properly labeled so that they directly relate to the video file's content. In 
order to ensure that your video or animation material is directly usable, 
please provide the files in one of our recommended file formats with a 

preferred maximum size of 50 MB. Video and animation files supplied will be 

published online in the electronic version of your article in Elsevier Web 

products, including ScienceDirect: http://www.sciencedirect.com. Please 

supply 'stills' with your files: you can choose any frame from the video or 

animation or make a separate image. These will be used instead of standard 

icons and will personalize the link to your video data. For more detailed 

instructions please visit our video instruction pages at 
http://www.elsevier.com/artworkinstructions. Note: since video and 

animation cannot be embedded in the print version of the journal, please 
provide text for both the electronic and the print version for the portions of 
the article that refer to this content. 

 
Supplementary data 
Elsevier accepts electronic supplementary material to support and enhance 

your scientific research. Supplementary files offer the author additional 

possibilities to publish supporting applications, highresolution images, 

background datasets, sound clips and more. Supplementary files supplied will 

be published online alongside the electronic version of your article in Elsevier 

Web products, including ScienceDirect: http://www.sciencedirect.com. In 

order to ensure that your submitted material is directly usable, please provide 

the data in one of our recommended file formats. Authors should submit the 

material in electronic format together with the article and supply a concise 

and descriptive caption for each file. For more detailed instructions please 

visit our artwork instruction pages at 

http://www.elsevier.com/artworkinstructions. 

 
Submission checklist 
The following list will be useful during the final checking of an article prior to 

sending it to the journal for review. Please consult this Guide for Authors for 

further details of any item. 
 
Ensure that the following items are present: 

One author has been designated as the corresponding author with contact 

details: 

• E-mail address 

• Full postal address 

• Phone numbers 

All necessary files have been uploaded, and contain: 

• Keywords 
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• All figure captions 

• All tables (including title, description, footnotes) 

Further considerations 

• Manuscript has been 'spell-checked' and 'grammar-checked' 

• References are in the correct format for this journal 

• All references mentioned in the Reference list are cited in the text, and vice 

versa 

• Permission has been obtained for use of copyrighted material from other 

sources (including the Web) 

• Color figures are clearly marked as being intended for color reproduction on 

the Web (free of charge) and in print, or to be reproduced in color on the Web 

(free of charge) and in black-and-white in print 

• If only color on the Web is required, black-and-white versions of the figures 

are also supplied for printing purposes For any further information please visit 

our customer support site at http://support.elsevier.com. 

 
AFTER ACCEPTANCE 
Use of the Digital Object Identifier 
The Digital Object Identifier (DOI) may be used to cite and link to electronic 

documents. The DOI consists of a unique alpha-numeric character string 

which is assigned to a document by the publisher upon the initial electronic 

publication. The assigned DOI never changes. Therefore, it is an ideal medium 

for citing a document, particularly 'Articles in press' because they have not yet 

received their full bibliographic information. Example of a correctly given DOI 
(in URL format; here an article in the journal Physics Letters B): 

http://dx.doi.org/10.1016/j.physletb.2010.09.059 When you use a DOI to 

create links to documents on the web, the DOIs are guaranteed never to 

change. 

 
Proofs 
One set of page proofs (as PDF files) will be sent by e-mail to the 

corresponding author (if we do not have an e-mail address then paper proofs 

will be sent by post) or, a link will be provided in the e-mail so that authors 

can download the files themselves. Elsevier now provides authors with PDF 

proofs which can be annotated; for this you will need to download Adobe 

Reader version 7 (or higher) available free from http://get.adobe.com/reader. 

Instructions on how to annotate PDF files will accompany the proofs (also 

given online). The exact system requirements are given at the Adobe site: 

http://www.adobe.com/products/reader/tech-specs.html. If you do not wish 

to use the PDF annotations function, you may list the corrections (including 

replies to the Query Form) and return them to Elsevier in an e-mail. Please 

list your corrections quoting line number. If, for any reason, this is not 

possible, then mark the corrections and any other comments (including 

replies to the Query Form) on a printout of your proof and return by fax, or 

scan the pages and e-mail, or by post. Please use this proof only for checking 

the typesetting, editing, completeness and correctness of the text, tables and 

figures. Significant changes to the article as accepted for publication will only 

be considered at this stage with permission from the Editor. We will do 

everything possible to get your article published quickly and accurately – 

please let us have all your corrections within 48 hours. It is important to 

ensure that all corrections are sent back to us in one communication: please 

check carefully before replying, as inclusion of any subsequent corrections 

cannot be guaranteed. Proofreading is solely your responsibility. Note that 
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Elsevier may proceed with the publication of your article if no response is 

received. 

 
Offprints 
The corresponding author, at no cost, will be provided with a PDF file of the 

article via email (the PDF file is a watermarked version of the published article 

and includes a cover sheet with the journal cover image and a disclaimer 

outlining the terms and conditions of use). For an extra charge, paper 

offprints can be ordered via the offprint order form which is sent once the 

article is accepted for publication. Both corresponding and co-authors may 

order offprints at any time via Elsevier's WebShop 

(http://webshop.elsevier.com/myarticleservices/offprints). Authors requiring 

printed copies of multiple articles may use Elsevier WebShop's 'Create Your 

Own Book' service to collate multiple articles within a single cover 

(http://webshop.elsevier.com/myarticleservices/offprints/myarticlesservices/ 

ooklets). 

 
AUTHOR INQUIRIES 
For inquiries relating to the submission of articles (including electronic 

submission) please visit this journal's homepage. For detailed instructions on 

the preparation of electronic artwork, please visit 

http://www.elsevier.com/artworkinstructions. Contact details for questions 

arising after acceptance of an article, especially those relating to proofs, willbe 

provided by the publisher. 

You can track accepted articles at http://www.elsevier.com/trackarticle. You 

can also check our Author FAQs at http://www.elsevier.com/authorFAQ 

and/or contact Customer Support via http://support.elsevier.com. 
 

 


