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Introduction

Inflammatory response of living organisms against foreign bodies is a natural defense process, which limits the development of medical implants [START_REF] Anderson | Biological responses to materials[END_REF][START_REF] Grewe | Acute and chronic tissue response to coronary stent implantation: pathologic findings in human specimen[END_REF][START_REF] Zhao | Effects of carbon and nitrogen plasma immersion ion implantation on in vitro and in vivo biocompatibility of titanium alloy[END_REF]. The inflammatory process initiation is characterized by the arising of monocytes and lymphocytes with the early proliferation of blood vessels and connective tissues [START_REF] Tang | Inflammatory responses to biomaterials[END_REF][START_REF] Klinge | Foreign body reaction to meshes used for the repair of abdominal wall hernias[END_REF]. Therefore, inhibiting the proliferation of connective tissue can be an approach to avoid or at least to reduce inflammatory response [START_REF] Kuhn | Reduced fibroblast adhesion and proliferation on plasma-modified titanium surfaces[END_REF][START_REF] Pennisi | Nanoscale topography reduces fibroblast growth, focal adhesion size and migration-related gene expression on platinum surfaces[END_REF][START_REF] Bachhuka | Effect of surface chemical functionalities on collagen deposition by primary human dermal fibroblasts[END_REF]. The development of very simple and effective surfaces with reduced inflammatory response can be useful for biomaterials devices [START_REF] Stevens | Exploring and engineering the cell surface interface[END_REF], however, it needs to be accomplished by the use of only chemical species with low or negligible cytotoxicity [START_REF] Silva | Calcium carbonate crystallization on a polyethylene surface containing ultrathin layers of hydrophilic polymers[END_REF][START_REF] Guan | Switching the biointerface of displaceable polyp-xylylene coatings[END_REF]. Meeting such strict requirements is an enthusiastic challenge. Heparin (HP), a natural polymer with outstanding biological properties, can be explored in the development of smart surfaces [START_REF] Deng | Heparin-mimicking multilayer coating on polymeric membrane via LbL assembly of cyclodextrinbased supramolecules[END_REF][START_REF] Yang | Musselinspired one-step adherent coating rich in amine groups for covalent immobilization of heparin: hemocompatibility, growth behaviors of vascular cells, and tissue response[END_REF]. It is a sulfated glycosaminoglycan with high content of sulfate groups in the polymer chains that results in a highly negative charged polymer. Due to its ability to prevent blood coagulation, heparin is widely used in medicine [START_REF] Yang | Musselinspired one-step adherent coating rich in amine groups for covalent immobilization of heparin: hemocompatibility, growth behaviors of vascular cells, and tissue response[END_REF]. On the other hand, the intense negative charges along the polymer make heparin highly soluble. Therefore, cover a solid surface with heparin and avoid its dissolution is an ambitious task. Even though the intense negative charge of heparin seems at first as an issue for its deposition and stabilization, it is an essential feature to produce stable assemblies through electrostatic interactions. Oppositely charged polymers are known to form strong electrostatic complexes when mixed [START_REF] Mohan | Polyampholytic hydrogels: poly(Nisopropylacrylamide)-based stimuli-responsive networks with poly(ethyleneimine)[END_REF]. Chitosan (CHT) and its derivatives are exciting polymers with well-established biocide activities. In addition, they can be used in electrostatic complexes with heparin due to their amine pendant groups that can be protonated in acid media to give positive charges along the polymer backbones. The positive charges in the chitosan derivatives can assure the formation of stable complexes and, therefore, the building of thin deposited films. The stability of polymers layers on the surface of solid substrates is a major concern in the surface modification of solid substrates [START_REF] Silva | Multiple hydrophilic polymer ultra-thin layers covalently anchored to polyethylene films[END_REF][START_REF] Silva | Maleimide immobilized on a PE surface: preparation, characterization and application as a free-radical photoinitiator[END_REF][START_REF] Silva | Growth of hydrogel nano-and microlayers covalently bounded onto PE surface[END_REF][START_REF] Cellet | Synthesis of a thermosensitive surface by construction of a thin layer of poly (Nisopropylacrylamide) on maleimide-immobilized polypropylene[END_REF][START_REF] Fragal | Hosted formation of PbS crystals on polyethylene modified surface[END_REF]. CHT and its derivatives have been extensively used in tissue engineering due to their biocompatibility, biodegradability, mucoadhesivity, and low toxicity properties [START_REF] Argin-Soysal | Effect of complexation conditions on xanthan-chitosan polyelectrolyte complex gels[END_REF][START_REF] Berger | Structure and interactions in chitosan hydrogels formed by complexation or aggregation for biomedical applications[END_REF][START_REF] Zhou | Immobilization of Saccharomyces cerevisiae alcohol dehydrogenase on hybrid alginate-chitosan beads[END_REF][START_REF] Zargar | A review on chitin and chitosan polymers: structure, chemistry, solubility, derivatives, and applications[END_REF][START_REF] Kim | Chitosan and its derivatives for tissue engineering applications[END_REF]. These polymers can influence cell adhesion and the proliferation of osteoblasts, fibroblasts, and keratinocytes. As bioactive polysaccharides, CHT and its derivatives may share some characteristics with various glycosaminoglycans (GAGs) that have specific interactions with growth factors, receptors, and adhesion proteins [START_REF] Zhu | Adhesion dynamics, morphology, and organization of 3T3 fibroblast on chitosan and its derivative: the effect of O-carboxymethylation[END_REF]. N,Ndimethyl chitosan (DMC) and N,N,N-trimethyl chitosan (TMC) are two partially methylated CHT derivatives that have potential mucoadhesive properties and greater solubility than CHT in neutral and basic medium [START_REF] Martins | Shielding effect of 'surface ion pairs' on physicochemical and bactericidal properties of N,N,N-trimethyl chitosan salts[END_REF][START_REF] Martins | Antimicrobial activity of chitosan derivatives containing N-quaternized moieties in its backbone: a review[END_REF][START_REF] Martins | Synthesis, characterization and cytotoxicity of TMC-graftpoly( vinyl alcohol) copolymers[END_REF][START_REF] Sheng | Ntrimethyl chitosan chloride-coated PLGA nanoparticles overcoming multiple barriers to oral insulin absorption[END_REF]. Electrostatic layer-by-layer (LbL) deposition technique uses oppositely charged polyelectrolytes to assembly thin multilayer films of biocompatible macromolecules [START_REF] Follmann | Antiadhesive and antibacterial multilayer films via layerby-layer assembly of TMC/heparin complexes[END_REF][START_REF] Lee | Layer-by-layer assembly for graphene-based multilayer nanocomposites: synthesis and applications[END_REF]. LbL method involves sequential immersion of a charged substrate into diluted solutions of oppositely charged polyelectrolytes alternately, allowing the overcompensation of the charged surface by the new layer of deposited polymer [START_REF]Multilayer Thin Films: Sequential Assembly of Nanocomposite Materials[END_REF][START_REF] Lopez-Torres | From superhydrophilic to superhydrophobic surfaces by means of polymeric layer-by-layer films[END_REF]. Such process can be repeated several times and the thickness of the LbL-film is proportional to the number of immersions. This method offers advantages that include simplicity, universality, low operating costs, and control of film thickness [START_REF] Decher | Buildup of ultrathin multilayer films by a self-assembly process. 1. Consecutive adsorption of anionic and cationic bipolar amphiphiles on charged surfaces[END_REF][START_REF] Channasanon | Alternating bioactivity of multilayer thin films assembled from charged derivatives of chitosan[END_REF][START_REF] Ruan | Investigation of layer-by-layer assembled heparin and chitosan multilayer films via electrochemical spectroscopy[END_REF]. Previously, Follmann et al. developed LbLfilms based on TMC and HP onto chemically modified polystyrene (PS) substrates that were intended to prevent the microbial proliferation by creating antifouling surfaces [START_REF] Follmann | Antiadhesive and antibacterial multilayer films via layerby-layer assembly of TMC/heparin complexes[END_REF]. The results revealed the intrinsic antimicrobial activity of TMC, which is not inhibited by the formation of electrostatic complexes with heparin. In the present work, electrostatic LbL complexes of heparin were assembled with CHT, DMC, and TMC. CHT and DMC do not present permanent positive charge in their structures. The positive charge is formed in acid solutions upon protonation of the primary amine groups in CHT or tertiary amine groups in DMC. The pKa values of amine and [N(CH3)2] groups from CHT and DMC, respectively, are both around 6.5. Since the [+N(CH3)3] groups from TMC are already protonated, this polymer has fixed charge [START_REF] Martins | Antimicrobial activity of chitosan derivatives containing N-quaternized moieties in its backbone: a review[END_REF][START_REF] Bueno | N-dimethyl chitosan/heparin polyelectrolyte complex vehicle for efficient heparin delivery[END_REF][START_REF] Liang | Fabrication, characterization, and application of potentiometric immunosensor based on biocompatible and controllable threedimensional porous chitosan membranes[END_REF]. NIH/3T3 fibroblasts proliferation on the Heparin/polycation LbL complexes was evaluated. Cell adhesion and morphology onto the surface of electrostatic complexes were discussed as function of the polycation used. In addition, the ionic strength during the polyelectrolyte deposition was varied. It is known that the ionic strength of the dipping solution has influence on the conformation of the polyelectrolytes in the films and that the salt is rinsed away after film assembly. In this work, we show the possibility to control the biological properties of these polyelectrolytes multilayers without necessarily changing their chemical composition.

Experimental section

Materials

Chitosan with deacetylation degree of 85% and average molecular weight, 𝑀 # ! , of 8.7 × 10 4 g/mol from Golden-Shell Biochemical (China), poly(ethylene imine) (PEI, 𝑀 # " = 2.5 × 10 4 g/mol) from Lupasol, BASF (Germany), and heparin sodium salt from Sigma-Aldrich (France) were used as polyelectrolytes. Methyl iodide and N-methyl-2-pyrrolidone, Dulbecco's modified eagle's medium (DMEM), penicillin 10,000 units/mL, streptomycin 10 mg/mL, MTT [(3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide), and cellulose membrane (molecular weight cut off: 12,000 g/mol) used for dialysis, were purchased from Sigma-Aldrich (USA). Silicon wafers (orientation 100 and 0.5 mm in thickness) were obtained from WaferNet Inc. (EUA). Glass slides (diameter 15 mm, Menzel-Gläser) were used to build the LbL-films for cell culture assays. Other reactants, such as diethyl ether, isopropanol, sodium chloride, acetic acid, formaldehyde, and formic acid were purchased from Carl Roth (France) and used without further purification. Ultrapure water of Milli-Q quality (specific resistivity = 18.2 MΩ⋅cm at 25 °C) prepared from a water purification system (Millipore) was used for dialysis and for preparing aqueous solutions.

Chitosan derivatives synthesis and characterization

The two-step reaction pathway to synthesize TMC and DMC avoiding O-methylation was performed based on the method published by Verheul et al. [START_REF] Verheul | Synthesis, characterization and in vitro biological properties of O-methyl free N,N,N-trimethylated chitosan[END_REF] and Martins et al. [START_REF] Martins | Synthesis, characterization and cytotoxicity of TMC-graftpoly( vinyl alcohol) copolymers[END_REF]. The chitosan derivatives were purified and characterized by 1H NMR (all these data are shown in the Supporting Information, Fig. S1).

LbL-films assembly

Silicon wafers were used as substrates for LbL assembly. Prior to polyelectrolyte deposition, they were cleaned by rinsing with ethanol (analytical grade) and treated with O2 plasma (Harrick Plasma, Ithaca, NY) for 3 min at medium power in order to provide a negatively charged surface. LbL assembly was performed by dipping method. The charged substrates were firstly immersed in PEI solution (2.5 mg/mL) for 15 min and rinsed three times with ultrapure water for 3 min; this procedure yields a positively charged surface. The first PEI layer is used to make more homogeneous substrate surface. The substrates were then dipped alternately into polyanion (HP) and polycation (CHT, DMC, or TMC) solutions, for 15 min, prepared at different salt concentrations (0.15 and 0.5 mol/L NaCl; pH 3.0 for polycation solutions and pH 7.0 for HP solutions). These saline concentrations were chosen to evaluate the effect of salt amount on the building up and the biological properties of self-assembled films obtained. For example, variation of thickness, hydrophilicity, amount of adsorbed material, and inhibition of cell proliferation. Specifically, the lower value of 0.15 mol/L NaCl was chosen to mimic the concentration of this salt in physiological conditions [START_REF] Almagor | In physiological salt conditions the core proteins of the nucleosomes in large chromatin fragments denature at 73 °C and the DNA unstacks at 85 °C[END_REF]. The higher concentration was randomly chosen to check the effects of salt addition into dipping solution of polyelectrolytes. The concentration of the polyelectrolyte solutions used was kept constant (1 mg/mL). After the deposition of each layer, a rinse step with ultrapure water was carried out three times for 3 min. This cyclic procedure was repeated up to five layer pairs to prepare thin films of PEI(HP/CHT)5, PEI(HP/DMC)5 and PEI(HP/TMC)5. Fig. 1 shows the schematic representation for the multilayer films built with the different polycations and the chemical structures of the polyelectrolytes.

Surface analysis 2.4.1. Ellipsometry

The thickness of the dried self-assembled multilayers on the silicon wafer substrates was measured using a PLASMOS SD 2300 ellipsometer at wavelength of 632.8 nm (laser He-Ne) and 70 as incidence angle. The refractive index of LbL-films was assumed to be constant (n = 1.465). While this procedure gives slightly incorrect values with respect to the absolute film thickness, it allows for the quick and precise determination of the relative film thickness. The thickness of each layer (each data point on the graph) is the mean average of ten measurements randomly taken at different points on the film surface. All measurements were carried out at ambient temperature and humidity [START_REF] Witt | Layer-by-layer assembled films composed of ''charge matched" and ''length matched" polysaccharides: self-patterning and unexpected effects of the degree of polymerization[END_REF]. 

QCM-D measurements

Multilayer deposition was monitored in situ using a Q-sense E4 Quartz Crystal Microbalance with Enhanced Dissipation, QCM-D (Biolin Scientific, Sweden). This technique consists of measuring the changes in the resonance frequency (∆f) upon adsorption of the chemical species in solution. Data were collected at the fundamental frequency (5 MHz) up to the fifth overtone. For thin and rigid films the changes in the resonance frequency (∆f) are associated to the acoustically adsorbed mass (∆m) using the Sauerbrey equation (Eq. ( 1)) [START_REF] Witt | Layer-by-layer assembled films composed of ''charge matched" and ''length matched" polysaccharides: self-patterning and unexpected effects of the degree of polymerization[END_REF][START_REF] Sauerbrey | Verwendung Von Schwingquarzen Zur Wagung Dunner Schichten Und Zur Mikrowagung[END_REF].

∆𝑚 = 𝐶 × ∆$ ! (1)
where 𝑣 is the overtone number and C is the mass sensitivity constant (for the QCM-D system C is equal to 17.7 ng/cm Hz at f0 = 5 MHz in air). The adsorbing surface (gold electrode) was cleaned prior to use by extensive rinsing with ethanol (analytical grade) and then treated with UV plasma (UV/Ozone ProCleaner, Bioforce Nanosciences) for 15 min at medium power. First, the gold surface was primed with a polycation layer by injecting 700 µL of PEI solution and rinsed three times with the same volume of ultrapure water. The injection of the solution for the adsorption of the next layer was carried out only after the stabilization of frequency and dissipation signals. For the polyelectrolyte multilayer assembly 700 µL of NaCl solution (0.15 or 0.5 mol/L) was used as rinsing solution to avoid changes in frequency due to differences in solution viscosity. Subsequently, similar volumes of HP and CHT (or DMC or TMC) solutions where injected alternately, followed by three rinsing steps with NaCl solution (0.15 or 0.5 mol/L).

Stability of LbL-films in DMEM using QCM-D

LbL-films were assembled using QCM-D at 21 °C as described previously (Section 2.4.2). After building five pairs of multilayers, the temperature was increased up to 37 °C. When the system reached equilibrium, the temperature was cooled down to 21 °C. Then, 700 µL of NaCl (0.15 or 0.5 mol/L) were injected, after the stabilization step the rinsing procedure was performed with ultrapure water. Subsequently, the temperature was increased up to 37 °C and, the injection procedures of salt solution and ultrapure water were carried out (this step was performed twice). Then, 700 µL of culture medium were injected. This experiment was performed only for PEI(HP/TMC)5 films.

Contact angle measurements

Static contact angle measurements were carried out in a Digidrop instrument (GBX, France) using ultrapure water as liquid test. The advancing contact angle for a drop of water gently deposited onto the multilayer films was determined by using the sessile drop method. Measurements were obtained randomly in three different regions for each sample.

Cell culture assays

LbL-films were prepared on glass slides and placed into culture plates (24-well plates). The culture medium used was DMEM supplemented with 10% of newborn calf serum (NCS) and 0.5% of antibiotics (10,000 units/mL penicillin and 10,000 µg/mL of streptomycin). NIH/3T3 fibroblasts (10 4 cells/mL) were seeded in the top of the samples and the 24-well plates containing the samples were placed inside the incubator at normal cell culture conditions (37 °C, 5% CO2, humidity control). The culture medium was changed every two days and cell viability was determined after 1 and 7 days by MTT assay. Briefly, the culture medium was removed at days 1 and 7 and replaced by 500 µL of MTT solution (1 mg/ mL in DMEM). The samples were incubated for 3 h at 37 °C for cell uptake of MTT and formation of formazan crystals. The culture medium was removed and the crystals were solubilized in 1 mL isopropanol (95%). The absorbance was measured at 570 nm using the spectrometer Safas-Xenius (Monaco), with software SP2000-Xenius 5990 (lumi-Emi). Cell proliferation assays were performed six times for each sample.

Results and discussion

Ellipsometry

The thickness of PEI(HP/polycation)n (1 ≤ n ≤ 5) films was determined by ellipsometry. Fig. 2 shows the variation of the thickness as a function of each deposition step for the LbL assembly at two different ionic strengths using NaCl. At first inspection, it can be observed that the thickness of the adsorbed layer generally increases with the deposition steps. It is remarkable the effect of the NaCl concentration on the thickness of the deposited layer. Considering the five layer pairs assembled on pre-treated silicon substrates (n = 5), the films obtained from polycations solutions at 0.15 mol/L NaCl showed very close thicknesses values for the different polycations, around 7 nm. On the other hand, the films prepared from polycations at 0.5 mol/L NaCl were thicker and displayed values in the range of (16.5 ± 1.5), (16.4 ± 1.0), and (12.9 ± 0.9) nm for PEI(HP/CHT)5, PEI(HP/DMC)5, and PEI(HP/TMC)5, respectively. The higher amount of adsorbed material when higher salt concentration was used in the dipping solution to prepare the LbL-films is attributed to the screening effect in high ionic strength conditions, since there are fewer binding sites by chain and therefore more polyelectrolytes can be adsorbed [START_REF]Multilayer Thin Films: Sequential Assembly of Nanocomposite Materials[END_REF]. In other words, the presence of salt in the polyelectrolytes solutions affects dramatically the polymer chains configuration in the bulk. In absence of salt, the charges in a single polymer chain can repel each other and the configuration of rod-like chain is almost completely extended. In presence of salt, the counterions increase the medium permittivity and allow the polyelectrolyte chain to remain in a random spiral configuration. If the polymer chains maintain their configuration in solution when they adsorb onto the substrate, structural details and thickness of LbL-films are strongly influenced by the salt concentration in the dipping solutions [START_REF] Mcaloney | Atomic force microscopy studies of salt effects on polyelectrolyte multilayer film morphology[END_REF]. It is still possible to note the zig-zag behavior (irregular growth) in the thickness plot in Fig. 2. This behavior can be related to special events as reorganization of macromolecular chains that form complexes on the film surfaces, removal of weakly adsorbed materials onto surfaces, or loss of water/ions from the internal structure of the film during the complexation process [START_REF]Multilayer Thin Films: Sequential Assembly of Nanocomposite Materials[END_REF]. 

QCM-D measurements

The growth and deposition of the multilayers were also examined by QCM-D measurements. QCM-D is a sensitive in situ technique that allows monitoring the adsorption of polyelectrolyte layers at real time. The changes in frequency values, ∆f, detected through the oscillation of the quartz crystal can be related to the adsorbed amount of material, ∆m, by applying the Eq. (1) [START_REF] Fogel | Critical assessment of the quartz crystal microbalance with dissipation as an analytical tool for biosensor development and fundamental studies: metallophthalocyanine-glucose oxidase biocomposite sensors[END_REF][START_REF] Liu | Role of chain interpenetration in layer-by-layer deposition of polyelectrolytes[END_REF]. For this section, the QCM-D measurements were used to quantify the total amount of the adsorbed mass in the five layer pairs considering the different CHT derivatives. In Table 1 is presented the values of adsorbed mass, ∆m, determined for PEI(HP/CHT)5, PEI(HP/DMC)5, and PEI(HP/TMC)5 multilayers assembled from polycation dipping solutions prepared at 0.15 or 0.5 mol/L NaCl. According to the results presented in Table 1, by rising the solution ionic strength, an increase in the amount of adsorbed material was observed for all the LbL-films. These findings corroborate with ellipsometry results discussed before. The amount of adsorbed materials almost 4-fold higher when 0.5 mol/L NaCl was used in the dipping solutions. Interestingly, by comparing the results from ellipsometry and QMC for PEI(HP/CHT)5 multilayers, one can notice that the thickness is 2.35 times higher while the deposited amount is 3.73 times higher when higher ionic strength is used. The different increases in thickness and weight values of the deposited layers reveal the influence of the ionic strength on their density. Considering that the weight increases more than the thickness, a higher ionic strength provides the formation of denser layers. These observations were only verified for multilayers with CHT.

LbL-films assembled with DMC or TMC showed similar increases in thickness and weight for the deposited layers.

Table 1. Changes in mass (∆m) determined by QCM-D and thickness determined by ellipsometry for LbL-films prepared from CHT, DMC, or TMC at different salt concentrations.

*Relative variation of the observed value between the two ionic strength tested.

Contact angle measurement

Fig. 3 shows the contact angle values to each layer adsorbed on the silicon for all multilayers assembled. The changes in the contact angle indicate that the films are progressively constructed by alternating the deposition of the polyanion (HP) and the polycations (CHT, or DMC, or TMC). The lowest contact angle values obtained for HP top layers (even numbers of layers) are due to its higher hydrophilicity compared to CHT and their derivatives. In general, the ionic strength has influence on the contact angle measurements of the LbL-films. There is a clear trend that LbL films obtained from 0.5 mol/L NaCl solutions display higher contact angle values than films obtained with 0.15 mol/L NaCl. Fig. 3 revealed also that lower contact angle values were observed for LbL assembled with CHT prepared at 0.15 mol/L NaCl. No major differences were observed for LbL-films with HP/DMC or HP/TMC, considering a specific given number of layers in the same salt concentration. Since CHT needs to be dissolved into slightly acid solutions in order to have positively charged groups, at lower pH values CHT chains adopt flatter structures than DMC and TMC. Consequently, a thinner CHT layer is deposited onto the top of a thicker HP layer. A large number of underlying segments from the HP layer penetrates into the surface layer resulting in LbLfilms with more hydrophilic character due to the high penetration of the HP chains, from HP underlying layer, to the outer layer of CHT [START_REF] Fu | Construction of anti-adhesive and antibacterial multilayer films via layer-by-layer assembly of heparin and chitosan[END_REF]. CHT and their derivatives, DMC and TMC possess bulky side groups, hindering the regular packing of the chains. In both cases, one can suggest that in the conditions of immersion solution (pH = 3.0), hydroxyl groups are probably oriented to the Si/SiO2 surfaces, while the methyl groups from DMC or TMC backbones are predominantly oriented to the air [START_REF] Adamsom | Physical Chemistry of Surfaces[END_REF]. You et al. demonstrated the intensity of interpenetration between an underlying layer and a outermost layer is determined by the relative thicknesses of the two layers [START_REF] Yoo | Controlling bilayer composition and surface wettability of sequentially adsorbed multilayers of weak polyelectrolytes[END_REF]. In addition, the degree of interpenetration has direct effect to the wettability of the surfaces. Thus, one can infer that the surface wettability of the PEI(HP/CHT)5, PEI(HP/DMC)5, and PEI(HP/TMC)5 films is related to the thickness of the layers. An increase in surface wettability for thicker multilayers was observed in our experiments mainly at 0.5 mol/L NaCl despite irregularly of the films. 

Fibroblast proliferation

The proliferation of NIH/3T3 fibroblasts was evaluated for PEI (HP/CHT)5, PEI(HP/DMC)5, and PEI(HP/TMC)5 films prepared from polyelectrolytes dipping solutions at 0.15 or 0.5 mol/L NaCl. Cell proliferation was analyzed by MTT assay to access the cell viability on these multilayers, which were in contact with the cell culture media for 7 days. In these experiments, glass coverslips were used as substrates for LbL deposition. The control experiment for cell proliferation was carried out using the bare glass coverslips. In Fig. 4A, it is observed that after one day no substantial differences in cell viabilities were observed for multilayers assembled with CHT or their derivatives built in the same saline concentration in comparison to the control experiment. In addition, it is worth to note that similar cell viabilities were verified for all these LbLfilms, suggesting that the adhesion of NIH/3T3 fibroblasts under 24 h (Fig. 4A) it is not influenced by change in the chitosan derivative or even to their adsorption to the glass surface. On the another hand, the ionic strength of the dipping solution seems to slightly influence the cell viability since multilayers prepared at 0.15 mol/L NaCl showed slightly higher proliferation than those ones prepared at 0.5 mol/L NaCl. The higher cell viability could be attributed to the difference in the surface hydrophilicity. The films prepared at lower salt concentrations (0.15 mol/L) have a smaller contact angle when compared to films at higher salt concentrations (0.5 mol/L).

Fig. 4. Cell proliferation for NIH/3T3 fibroblasts onto thin films of CHT and its derivatives after 1 (A) and 7 (B) days.

The cell viability results dramatically change after 7 days of incubation. It can be verified in Fig. 4B that the cell viability for all samples varied between 2.5% and 8.3% of the control experiment. The highest inhibition of the cell proliferation is verified for multilayers prepared with DMC at 0.15 mol/L NaCl, which the cell viability was only 2.5% of the control experiment. The results from 1 and 7 days indicate that the samples allow the initial adhesion of fibroblasts in a similar way as the control experiment, however the multilayers have a strong effect on further cell proliferation. To understand the inhibitory effect of the samples, in Fig. 5, it is presented the evolution of the cell counting for the samples in comparison to the control experiments. It can be observed that the number of viable cells increase as function of time. It means that the multilayers still exhibit biocompatibility and allow cell proliferation, despite of a severe reduction comparing to the control experiment. In the extreme case, cell proliferation speed was reduced by 40-fold factor for samples prepared with DMC at 0.15 mol/L NaCl. Images obtained by optical microscopy for a typical population of NIH/3T3 fibroblasts grown on the surface of LbL-films prepared at 0.15 and 0.5 mol/L NaCl (Figs. 6 and7, respectively) after a period of 3 h, 24 h, and 7 days corroborate with the cell viability results obtained from MTT assays. The initial geometry of cells (3 h after seeding) is spherical and compact. After 24 h, one can notice the cells had adhered and spread randomly with spindle-like morphology onto the surface of LbL-films. Incubation for longer times (day 7), revealed significant increases in cell proliferation without changes in cell morphology. These results indicate that PEI(HP/CHT)5, PEI(HP/DMC)5, and PEI(HP/TMC)5 multilayers do not exert cytotoxic effects on the cells and cytotoxic substances were not released in the culture medium. 

mol/L NaCl after 3 h (A-C), 24 h (E-G) and 7 days (I-K). Control experiments (D, H, and L)

. Magnification: 100-fold increase in blue filter.

Stability of PEI(HP/TMC)5 films in DMEM using QCM-D

After monitoring the assembly of PEI(HP/TMC)5 films by QCM-D at 21 °C, it was possible to verify the stability of the films by alternating two parameters: temperature and DMEM addition. By increasing the temperature up to 37 °C, it was observed an increase in frequency variation (Fig. 8A and B for 0.15 and 0.5 mol/L NaCl, respectively) almost proportional to when the system was cooled down (21 °C; events 2 and 3). The effect of temperature on the resonance frequency variation for measurements in solution can be divided in two contributions: the first affects the oscillation frequency of the crystal; the second is due to changes the viscosity of the medium [START_REF]Multilayer Thin Films: Sequential Assembly of Nanocomposite Materials[END_REF][START_REF] Ryu | The importance of temperature and viscosity effects for surfactant adsorption measurements made using the electrochemical quartz crystal microbalance[END_REF]. Changes in temperature vary the crystal properties, and thus the frequency. Ryu and Free studied the effect of temperature and viscosity on electrochemical QCM (EQCM) measurements in solution environments and the ability of the EQCM to measure surfactant adsorption [START_REF] Ryu | The importance of temperature and viscosity effects for surfactant adsorption measurements made using the electrochemical quartz crystal microbalance[END_REF]. They found that the resonance frequency has increased from 12549.7 to 12635.3 Hz when the temperature was changed (24.3-70.5 °C) for cetylpyridinium chloride (CPC) adsorbed by EQCM. The increase of 85.6 Hz is equivalent to an average of 1.85 Hz/°C, because there is a linear relationship in the range between 24.3 °C and 70.5 °C. This test was conducted with no solution. Thus, the results indicate that 1.85 Hz/°C is due to the intrinsic effect of temperature on the oscillation frequency of the crystal. By evaluating the temperature change on the viscosity of the medium (pure water), the authors noticed that the frequency increased 64.2 Hz when the temperature was varied from 23.9 °C to 31.2 °C. This value (64.2 Hz) is equivalent to 8.79 Hz/°C, regarding the natural variation of the oscillation frequency and the change in viscosity, both associated with the rise in temperature. So, by considering these findings, the variation in frequency observed in our experiments can be associated to the oscillation of the quartz crystal and the change of the medium viscosity when the temperature is increased, and is not related to the desorption of multilayers. After stabilization of the system, NaCl solution was injected (Fig. 8A andB; event 4) and a small decrease in the frequency value was observed, which suggests small adsorption of salt in the films. After rinse with ultrapure water, it was possible to verify slight increase in frequency values indicating little desorption of material from the film, probably due to the removal of previously adsorbed salt (event 5). The temperature was raised again and an increase in the values of maximum frequency (due to the oscillation frequency of the crystal and the change of viscosity) was observed (event 6). By adding NaCl solution, a decrease in frequency was observed, indicating again that the film adsorbs NaCl (event 7). After rinse with ultrapure water, there is little increase in the frequency (mass decrease; event 8). This procedure was performed again and displayed the same profile for both PEI(HP/TMC)5 films assembled from 0.15 or 0.5 mol/L NaCl. After this procedure, DMEM was added and a decrease in the frequency values (mass increment) was observed (event 10). This mass increment suggests adsorption of DMEM components into the film. By analyzing the graphs, one can note that the adsorbed amount of DMEM increases by decreasing the ionic strength. This can be explained by the effect of shielding, which means that in higher concentrations of chloride ions the interactions between the components in the culture medium and the substrate decreases. The variation in dissipation values follow the same trend presented for frequency values at each step of deposition and rinsing process, furthermore, its displacement provides information about the rigidity of the film. The higher the dissipation value, less rigid is the film [START_REF] Nilsson | Electrochemical quartz crystal microbalance study of polyelectrolyte film growth under anodic conditions[END_REF]. The variation of dissipation values was +6 Hz for the system prepared at 0.5 NaCl and -11 Hz to the system at 0.15 NaCl.

Conclusions

The formation of electrostatic layer-by-layer assemblies of heparin and chitosan derivatives was confirmed by ellipsometry, QCMD, and contact angle measurements. The general properties of the electrostatic layer-by-layer assemblies showed to be dependent of the ionic strength of the polyelectrolytes solutions, in agreement with previous reports using different pairs of polyelectrolytes [START_REF] Lundin | Layer-by-layer assemblies of chitosan and heparin: effect of solution ionic strength and pH[END_REF][START_REF] Tang | Formation of polyelectrolyte multilayers: ionic strengths and growth regimes[END_REF][START_REF] Song | Sequential layer-by-layer growth of Au nanoclusters protected by a mixed self-assembled monolayer with a polymer binding layereffects of pH and ionic strength of the polymer solution[END_REF]. The increase in the ionic strength by the change of the NaCl concentration from 0.15 to 0.5 mol/L increases the thickness of the deposited assemblies, from around 7 to ca. 12-16 nm. In addition, the contact angle of multilayers was also dictated by the ionic strength as a consequence of the layer interpenetration. The wettability of the surface is higher at lower ionic strength. PEI(HP/TMC)5, PEI(HP/DMC)5, and PEI(HP/CHT)5 assemblies showed to be able to strongly prevent proliferation for NIH/3T3 cells. At low incubation time, the cell adhesion on the surface of the multilayers is not different from the control experiments. This means that cell adhesion is not affect and that the multilayers are biocompatible. Nevertheless, at longer proliferation time the assemblies with chitosan and its derivatives are able to retard the cell proliferation by a 40-fold factor in the best case. This result provides a new insight to the use of chitosan and its derivatives in biomaterials field. The development of LbL-films based on HP and CHT (or CHT derivatives) used as inhibitor for NIH/3T3 fibroblast proliferation gives the potential to study other cell models [START_REF] Kuhn | Reduced fibroblast adhesion and proliferation on plasma-modified titanium surfaces[END_REF][START_REF] Fairbanks | Inhibition of protein and cell attachment on materials generated from N-(2-hydroxypropyl) acrylamide[END_REF]. Cell proliferation results showed low dependence regarding the chitosan derivatives used. In conclusion all the chitosan derivatives proved to be effective to inhibit the proliferation of fibroblasts. These multilayers have potential to be applied in the surface coverage of biomaterials to act against the natural process of foreign body's rejection. Nonetheless, HP and CHT are two well-known natural polymers, and we bring here new assets for these two materials that constantly appears in the scientific reports. In addition, a challenge to be addressed in future works is to find approaches to intensity the inhibition activity of chitosan and its derivatives toward fibroblast proliferation through chemical modification or by exploring structural features of the electrostatic layer-by-layer assemblies.

Fig. 1 .

 1 Fig. 1. Schematic representation for the multilayer deposition and for the polyelectrolytes chemical structures.

Fig. 2 .

 2 Fig. 2. Average thickness for LbL-films obtained by ellipsometry. Polycations dipping solutions were prepared at 0.15 or 0.5 mol/L NaCl. Note: PEI(Heparin/Polycation)5 indicates that the film contains 5 layer pairs. The first layer is PEI. Even numbers refer to HP deposition and odd numbers refer to polycation deposition (CHT, DMC, or TMC). Black lines indicate LbL-films prepared in 0.15 mol/L NaCl and red lines indicate LbL-films prepared in 0.5 mol/L NaCl. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)

Fig. 3 .

 3 Fig. 3. Contact angle measurements for LbL-films prepared at 0.15 or 0.5 mol/L NaCl. Note: PEI(HP/polycation)5 indicates that the film contains 5 layer pairs. The first layer is PEI. Even numbers refer to HP deposition and odd numbers refer to polycation deposition (CHT, DMC, or TMC). Black lines indicate LbL-films prepared in 0.15 mol/L NaCl and red lines indicate LbL-films prepared in 0.5 mol/L NaCl. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).

Fig. 5 .

 5 Fig. 5. Surface cell density on the substrates after 1 and 7 days of cell growth for different LbL systems prepared in 0.15 mol/L.

Fig. 6 .

 6 Fig. 6. Optical microscopy for NIH/3T3 fibroblasts on the top of LbL-films prepared at 0.15 mol/L NaCl after 3 h (A-C), 24 h (E-G) and 7 days (I-K). Control experiments (D, H, and L). Magnification: 100-fold increase in blue filter.

Fig. 7 .

 7 Fig. 7. Optical microscopy for NIH/3T3 fibroblasts on the top of LbL-films prepared at 0.5 mol/L NaCl after 3 h (A-C), 24 h (E-G) and 7 days (I-K). Control experiments (D, H, and L). Magnification: 100-fold increase in blue filter.

Fig. 8 .

 8 Fig. 8. Changes in frequency (Hz, black axis) and dissipation (Hz, blue axis) monitored by QCM-D for the stability study of PEI(HEP/TMC)5 films prepared in NaCl (A) 0.15 mol/L and (B) 0.5 mol/L. Registered events 1: multilayers assembly at 21 °C; 2: rising temperature to 37 °C; 3: decreasing temperature to 21 °C; 4: rinsing with 0.15 or 0.5 mol/L NaCl; 5: rinsing with milli-Q water; 6: rising temperature to 37 °C, 7: rinsing with 0.15 or 0.5 mol/L NaCl; 8: rinsing with milli-Q water; 9: rinsing with 0.15 or 0.5 mol/L NaCl; 10: addition of DMEM at 37 °C. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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