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1INTRODUCTION

The tissue engineering domain is a promising research field for bone biomaterials development. Natural implants and synthetic biomaterials are used to repair human body parts and to restore their biological functions. An ideal implant for the regeneration of damaged tissues is a synthetic porous material. In our research group, we focused on porous glass ceramics and. The scaffold is a material that presents a homogeneous and organized porosity in its three-dimensional (3D) architecture and in the form of stratified layers.

These scaffolds combined with organic molecules, bisphosphonates such as clodronate, risedronate, raloxifene, and/or biopolymers are able to play double functions: regeneration of bone tissue and contribution of certain bone pathologies by drug delivery. Then they contribute to being resorbed after a certain period of their insertion in bone sites [START_REF] Balanta | Utilización de quitosanoprocedentedelmicelio de Aspergillus Níger y su aplicación en regeneración de tejidos[END_REF][START_REF] Verified | Review of bioactive glass: From Hench to hybrids[END_REF][START_REF] Verified Mozafari | Synthesis, characterization and biocompatibility evaluation of sol-gel derived bioactive glass scaffolds prepared by freeze casting method[END_REF]. For the development of an optimal scaffold, we adopted the necessity of stable direct contact between bone and the scaffold surface as a critical requirement. Excellent biocompatibility, a controllable biodegradability, and an adapted mechanical strength were used capital properties for an ideal scaffold used for several applications in tissue engineering.

Several biodegradable polymers such as poly(caprolactone), poly(vinyl alcohol), and natural polymers such as collagen and biopolymers like chitosan [START_REF] Verified Hirano | Chitosan as an ingredient for domestic animal feeds[END_REF] are used in the biomaterials field. They demonstrated their positive effect on bone restoration. Chitosan is a natural biopolymer extracted from the chitin by a partial chemical or enzymatic deacetylation. Our previous works demonstrated its effect on the osteoporosis phenomenon when it is associated with bioactive glass biomaterials. Chitosan represents an ideal material for uses in tissue engineering because of its several biological characteristics such as its good biocompatibility, biodegradability, bioinert, and its capacity to adsorb such protein ( Usually, by comparison to the microphase ceramics, the interaction between cell and material was well reported on the surface of nanophase ceramics [START_REF] Verified | Enhanced functions of osteoblasts on nanophase ceramics[END_REF]. Using nano bioactive glass aimed to enhance the mechanical and biological performance of scaffolds. Improvement of bone cells such as osteoblasts and their effect on the scaffold substrate encourage their use as bone biomaterials (Alves, Leonor, Azevedo, Reis, & Mano, 2010). Thus, several studies aimed to develop specific methods for the synthesis of porous scaffold. [START_REF] Verified Whang | A novel method to fabricate bioabsorbable scaffolds[END_REF]. The well-employed method is the thermally induced phase separation (TIPS) [START_REF] Verified Ma | A preliminary in vitro study on the fabrication and tissue engineering applications of a novel chitosan bilayer material as a scaffold of human neofetal dermal fibroblasts[END_REF]Nam & Park,1999;[START_REF] Verified Whang | A novel method to fabricate bioabsorbable scaffolds[END_REF]. This method is based on the decrease of solution temperature in order to generate the homogeneous biodegradable polymer solution phase separation. It can induce polymer-poor phase and polymer-rich liquid phase [START_REF] Verified Han | Biodegradable membranes for the controlled release of progesterone. 1. Characterization of membrane morphologies coagulated from PLGA/progesterone/DMF solutions[END_REF]. The growing and coalescence of the polymer-poor phase allow the introduction of multiple pores in scaffolds. When the temperature was well attenuated and lead to the solution freezes, we obtained the separation phase between solid and liquid that formed frozen solvent and polymer-rich phases. Finally, the frozen solvent removal leaves place for pores.

Our study believed that the freeze-gelation process is very important in terms of either energy and time, very easy to employ, and produces less residual solvent. For that, it was well used in the development of scaffold material. This new technique was well evaluated through the regulation of several parameters such as the freezing temperature, and both acetic acid and ethanol concentrations in the gelation environment. Scaffold architecture is very essential for tissue engineering development. In the freeze-gelation technique, several parameters can influence the scaffold structure. Over the freezing technique, the temperature decrease leads to the formation of the phase separation permitting the apparition of ice and chitosan-rich phases. At the phase separation step, the scaffold porosity, architecture, and characteristics are defined. Thus, the freezing temperature of the BGN/CH solution is an essential variable parameter. At the gelation step, chitosan phases undergo condensation phenomena and the ice left its place for the creation of pores after the lyophilization process.

In the present work, the chitosan solution was prepared after its dissolving in the acetic acid solvent, which constitutes another variable parameter. In this study, the development of the sol-gel technique has been adapted for the elaboration of bioactive glass nanoparticles. The chitosan/bioactive glass nanoparticles (BGNs) as a hybrid scaffold was prepared by the freeze-gelation method based on the TIPS. This composite scaffold was characterized, and its bioactivity and biodegradability have been studied relevant to biomedical applications.

2EXPERIMENTAL PROCEDURE

2.1Synthesis of BGN and the BGN/CH (20:80) hybrid scaffolds

The sol-gel process was used for the synthesis of the BGN (SiO 2 :CaO:P 2 O 5 [mol] = 55:40:5). Calcium nitrate solution and tetraethylorthosilicate (TEOS) were blended and then followed by the addition of the citric acid in the goal to fix the pH value to 1-2. Under, vigorous agitation, the obtained solution was slowly supplemented to the solution of ammonium dibasic phosphate. Over the dropping step, the pH of the solution was adjusted to a value of around 10-11, employing the NH 3 solution.

After 48 hr of agitation and 24 hr of maturation, the solution was centrifuged leading to the separation between the precipitate and initial product in a 200 ml of 2% PEG-water solution. The obtained powder was lyophilized for 48 hr and followed by its calcination at 600°C for 3 hr. Finally, we obtained our BGN powder. This work detailed the hybrid porous scaffolds BGN/CH employing newly developed freezegelation process. The freeze-gelation is based on the principle of thermally induced phase separation (Figure 1). Two percent of polymer solution was obtained by the dissolving chitosan in an acetic acid aqueous solution (1 M). Nano bioactive glass particles (0.4%) were suspended in the deionized water for 1 hr under ultrasonication.

FIGURE 1Schematic representation of bioactive glass nanoparticle (BGN)/chitosan (CH) composite scaffold fabrication method (freeze-gelation)

The suspension was added to the previously prepared chitosan solution. Then, the chitosan/BGN suspension was put at -20°C, in a Petri dish, during 24 hr (Bi et al., 2011).

The frozen sample was soaked in a solution of NaOH/ethanol in the goal to adapt its pH value in order to permit the chitosan gelation. The NaOH/ethanol solution was cooled to -20°C in order to favor the chitosan gelation process below the chitosan freeze point. Indeed, the NaOH aqueous solution leads to the alkalinity for gelation and the ethanol leads to decrease in the freezing point. Prepared porous composite scaffold (BGN/CH) through freeze-gelation and after freeze-drying processes is presented in Figure 2.

FIGURE 2Image of the porous bioactive glass nanoparticle (BGN)/chitosan (CH) composite scaffold prepared by the freeze-gelation method after freeze-drying

The success of elaborated scaffolds for use as filling biomaterials depends on the porous structure and architecture. The freeze-gelation technique contained several processes, which influence scaffolds structure. In the present work, we used the acetic acid as a solvent for the preparation of chitosan solution. The acetic acid concentration ranged from 0.2 to 2 M and the effect of this variation on the scaffold structure was well detailed.

2.2Morphological evaluation of hybrid scaffolds

The morphological structure of the obtained material (BGN/CH) has been evaluated by scanning electron microscopy (SEM). Before the start of the morphological analysis, samples have been metalized using a layer of gold-palladium.

2.3Functional groups evaluation: Fourier-transform infrared spectroscopy

The Bruker Equinox 55 spectrometer was used for the infrared spectroscopy study. Ten milligrams of dried composite scaffolds were ground and homogenized with KBr powder and pressed in the order to form a suitable pellet for the infrared analysis. Data were collected between 4,000 and 400 cm -1 and lead to collect the functional groups composed of the hybrid scaffolds.

2.4Structural analysis and surface areas

The powders of the obtained scaffolds were analyzed by X-ray diffraction (XRD) in order to have more information on their structure. XRD diagrams were recorded by using a Panalytical diffractometer (Cu Kα radiation, 40 kV, 30 mA) in the 2θ range of 5°-90° with a step size of 0.026° and counting time of 30 s for each step.

The specific surface area was measured using the Brunauer-Emmett-Teller (BET) N2 adsorption-desorption process (Flowsorb II 2300, Coultronics France SA). The pore volume was also determined.

2.5Chemical reactivity evaluation

The chemical reactivity of the obtained BGN/CH scaffolds was evaluated by soaking of 30 mg of powder in 20 ml of the simulated body fluid (SBF) having the same composition of the blood plasma. Samples were immersed during 1, 3, 5, and 7 days under 37°C and 50 rpm/min to allow the similar conditions of the physiological environment.

SBF composition as presented in our previous works and as described by [START_REF] Verified Kokubo | How useful is SBF in predicting in vivo bone bioactivity[END_REF]) is shown in Table 1. After each immersion period, the powder was rinsed with water, and then with alcohol in order to stop the chemical reaction, while the solution was stored in the fridge under 4°C in order to evaluate the chemical exchange between biomaterial and SBF solution.

After its lyophilization, the powder was characterized by several physicochemical techniques such as infrared spectroscopy, XRD, and SEM to allow and understand the chemical reactivity of the immersed biomaterial.

2.6In vitro biodegradation

The in vitro behavior of hybrid BGN/CH was evaluated in phosphate-buffered saline (PBS) under 37°C. Materials with dimensions of 10 × 10 × 2 mm -3 were soaked in 10 ml of PBS and were placed with a weak agitation in physiological condition (37°C) for 7 days. PBS chemical composition is detailed in Table 2. PBS solution was formed by the dissociation of NaCl and KCl, Na 2 HPO 4 and KH 2 PO 4 in an aqueous solution (distilled water) having a pH value of 7.4. The initial weight of scaffolds is called W i . Following all immersion delays, the material was rinsed with deionized water in order to eliminate all adsorbed ions on the surface and then dried. The dry weight is called W t. The liberation of scaffold elements in the BPS solution was measured by the following equation: 

3RESULTS AND DISCUSSION

3.1Characterizations of the BGN/hybrid scaffold SEM of the obtained composite (Figure 3) showed that BGN/CH hybrid scaffolds present well-interconnected pores. The size of the obtained scaffolds pores varied from 100 to 300 μm as shown by the SEM analysis. The pore size of the scaffold varied between 100 and 300 μm. As presented in Figure 3, the BGNs are arranged on the walls of the scaffold with homogeneous dispersion. Good adhesion between the BGNs and chitosan biopolymer has been obtained and presented in Figure 3b (white arrows), noting that the cell size is about 10-100 μm. The pore size of the hybrid scaffolds is adapted to cell integration in the interior of the BGN/CH. Pores have a key role in the integration and differentiation of stem cells and also in the process of vascularization. The functions of pores depend on their size. In fact, large pores enhance the osteogenesis, the vascularization, and the oxygenation process. However, the smaller pores assign the osteochondral ossification. Also, the geometry of pores varied the type of growth factor present in the biomaterial (Karageorgiou & Kaplan, 2005). There are two benefits if using freeze-drying to remove the solvent: the first is to keep the temperature low enough that the polymer-rich region would not dissolve again and the second is to possess enough mechanical strength through the ice to prevent pore collapse during drying [START_REF] Verified | Preparation of porous scaffolds by using freeze-extraction and freeze-gelation methods[END_REF].

The XRD diagrams and thermal curve underline the amorphous structure of BGN (Figures 4 and5). In fact, nano bioactive glass illustrates the presence of only a diffraction halo observed between 15° and 40° (2θ) (Madhumathi et al., 2009) (Figure 4). The vitreous temperature of nano bioactive glass is 660°C (Figure 5). XRD of chitosan scaffold presents a peak at 21°. The diagram of the hybrid BGN/CH underlined the appearance of a new peak at 21° (2θ) this peak was replaced by a diffraction halo in the XRD pattern of BGN/CH hybrid scaffold. The disappearance of the chitosan peak in the XRD pattern of the composite confirmed its amorphous state and demonstrated the interaction between the BGNs and chitosan. FTIR spectra of the BGN/CH hybrid scaffold (Figure 6c) showed the presence of bands at 1,649 and 1,420 cm -1 . These bands underlined the first amine group and the secondary amine groups of chitosan, respectively. As compared to the chitosan, the hybrid scaffold (BGN/CH) showed the presence of two bands of P-O observed at 602 and 564 cm -1 and a band of Si─O─Si observed at 467cm -1 . In comparison to the FTIR spectra of BGN, the composite presents two peaks, which correspond to amine groups and modification in Si─O─Si band.

The presence of amine groups and the modification in the silicate band can be attributed to the interactions between the BGN and the chitosan. The broadband in the FTIR spectra of BGN (Figure 6a), from 3,100 to 3,470 cm -1 , corresponding to the O─H stretching absorption band was modified in the spectra of BGN/CH. The aliphatic C─H stretching band in the FTIR spectra of chitosan (Figure 6b) observed between 2,885 and 2,990 cm -1 disappears from the spectra of BGN/CH. The modification of peaks in the hybrid scaffold spectra confirmed that a chemical bond has taken place between the components. The bonding between chitosan and bioactive glass was assisted by the existence of silanol groups (Si─OH) in bioactive glass structure and surface as shown in Figure 7. Different amounts of BGN (20, 40, 60, and 80%) have been employed to synthesize BGB/CH by freeze-gelation method. The surface area and the porosity volume have been measured for the different composites by the BET method. The obtained results showed that for the hybrid scaffold BGN/CH with 20% of BGN the surface area is of about 26.63 m 2 /g. The surface area of the hybrid scaffold decreases to 13.81 m 2 /g with increasing of BGN amount to 80%. The same variations have been observed concerning the porosity volume. The porosity volume decreases from 7.60 to 6.10 mm 3 /g with increasing of BGN amount to 80%. These results were related to the results obtained in the literature, which show the increase of the surface area of the composite with the increasing chitosan amount. The obtained results are summarized in Table 3. To study the effect of the changes in acetic acid concentration on the structural properties of the BGN/CH hybrid scaffold, two acid concentrations were used: 2 and 0.5 M. The SEM micrograph of BGN/CH prepared by 2 M acetic acid concentration showed destruction in porous structure and the scaffold was not entirely porous as shown in Figure 8. During the gelation step of hybrid scaffold preparation, the acetic acid is neutralized by the NaOH solution; this neutralization reaction is the exothermic reaction. The heat release induced the melting of the scaffold and the collapse of the porous morphology of BGN/CH. The amount of heat release increases with increase of acetic acid concentration. Therefore, when we used a lower concentration of acetic acid during the freeze-gelation method, the amount of heat release was low and we obtained a BGN/CH hybrid scaffold with a good organization of porous structure as shown in Figure 8b. Indeed, the obtained porous structure of the scaffolds is very important for medical applications [START_REF] Verified Chesnutt | Design and characterization of a novel chitosan/nanocrystalline calcium phosphate composite scaffold for bone regeneration[END_REF][START_REF] Verified | Preparation and properties of nano-hydroxyapatite/chitosan/carboxymethyl cellulose composite scaffold[END_REF][START_REF] Verified Slivka | Porous, resorbable, fiber-reinforced scaffolds tailored for articular cartilage repair[END_REF]. In fact, the architecture of the pore enhances the integration and the differentiation of stem cells, mesenchymal cells, osteoblasts, and then the vascularization. The bioactivity of the BGN/CH has been tested. Scaffolds have been soaked in SBF solution at different periods from 1 to 7 days. The XRD studies of the hybrid scaffold (Figure 9) after 1 day of immersion showed two peaks at 31° and 45° (2θ) corresponding to hydroxyapatite (Madhumathi et al., 2009); the intensities of these peaks increase with the immersion time, during our study period of 7 days. To analyze the evolution of mineral deposits with immersion time in SBF, the ratio of peak intensities was calculated. Figure 10 showed the evolution of the ratio of intensities depending on the time immersion of the hybrid scaffold in SBF. This ratio increased from 1.48 after 1 day of immersion to 2.13 after 7 days of immersion. The deposition of minerals on the surface of biomaterials amounted to the rise of soaking times in the SBF solution. The BGN/CH bioactivity was justified by the presence of the hydroxyapatite layer at its surface after 7 days of incubation as shown in Figure 11a,b. The presence of this apatite layer on the surface of hybrid scaffolds underlines their chemical reactivity and ability to form a biological link with the surrounding environment. These data highlight the good use of this material for biomedical application. Figure 12a,b shows the in vitro degradation of the BGN/CH hybrid scaffold after 7 days of soaking in the BPS. From 1 to 7 days of soaking, the degradation rate of BGN/CH increases from 2.5 to 9%. Figure 12b showed the degradation rate of the pure chitosan scaffold for different times of incubation in PBS. The degradation rate increases from 15.3% after 1 day of immersion to 28.5% after 7 days of soaking. BGN/CH hybrid scaffold showed a significant decline in the degradation rate compared to the pure chitosan scaffold. Indeed, the porosity of these hybrid scaffolds enhances the penetration of the PBS solution within the porous structure of chitosan and makes degradation easier. The rate of resorption and degradation of biomaterials is an essential property for the bone graft evaluation. The dissociation of the ß-1,4-N-acetyl glucosamine groups of chitosan chains is provided by lysozyme. The dissociation of the ß-1,4-N-acetyl glucosamine groups of chitosan chains is provided by lysozyme. This process results from the liberation of amino sugars. The association of BGN and chitosan leads to the attenuation of the degradation rate, which was explained by the neutralization of the dissociation of the chitosan acidic product, by the alkali groups of the BGN (Silver, Deas, & Erecińska, 2001). 

4CONCLUSIONS

BGN/CH hybrid scaffolds were synthesized using the freeze-gelation method for potential applications as bone graft materials for tissue regeneration. The obtained hybrid scaffolds are macroporous biomaterials with pore size ranged between 150 and 300 μm and sufficient microporosity for cell infiltration. The BGN/CH with 20% of the BGN amount presents a better surface area. Seven days after soaking in the PBS solution, these biodegradable scaffolds lost 9% of their weight. As compared with pure chitosan, the addition of BGN retarded the level of chitosan degradation. The chemical reactivity of the obtained hybrid scaffolds was showed through the deposition of a hydroxyapatite layer at the material surface after its incubation in the SBF solution. In conclusion, the bioactivity of bioactive nanoparticles was enhanced by the addition of chitosan to its structure. These results suggest that BGN/CH hybrid scaffold can also serve for drug delivery and appear to be a promising biomaterial for bone tissue engineering applications.
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 3 FIGURE 3(a, b) Scanning electron micrograph (SEM) showing the macroporous structure of bioactive glass nanoparticle (BGN)/chitosan (CH) composite scaffold (a) and the dispersion of BGN in the matrix (b). Pore size is about 200 μm (b, white arrows)
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 4X FIGURE 4X-ray diffraction (XRD) pattern of (a) bioactive glass nanoparticle (BGN), (b) chitosan, and (c) BGN/CH composite scaffold
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 6Fourier FIGURE 6Fourier-transform infrared spectroscopy (FTIR) spectra of (a) bioactive glass nanoparticle (BGN), (b) chitosan, and (c) BGN/CH composite scaffold
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 8 FIGURE 8(a, b) Scanning electron micrograph (SEM) showing the structure of bioactive glass nanoparticle (BGN)/chitosan (CH) composite prepared with 2 M (a) and 0.5 M (b) of acetic acid concentration
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 9X1112 FIGURE 9X-ray diffraction (XRD) pattern of bioactive glass nanoparticle (BGN)/chitosan (CH)composite scaffolds before and after soaking 1, 3, and 7 days in simulated body fluid (SBF)

  

  

  

  

TABLE 1Comparison

 1Comparison between ion concentrations (mM) in SBF and in human blood plasma

		Na +	K +	Ca 2+	Mg 2+	Cl -	HCO 3 -	HPO 4 2-
	SBF	142	5	2.5	1.5	148.8	4.2	1
	Blood	142	5	2.5	1.5	103	27	1
	plasma							

TABLE 2Chemical

 2Chemical 

composition of the phosphate-buffered saline (PBS)

medium NaCl KCl Na 2 HPO 4 KH 2 PO 4

  

	Reagent	137	2.7	10	1.8
	concentration				
	(mM) in PBS				

TABLE 3Surface

 3Surface 

	area and porosity volume obtained by Brunauer-Emmett-Teller (BET) for
	the different bioactive glass nanoparticle (BGN)/chitosan (CH) composite scaffolds
	BGN/CH composite	Surface area (m 2 /g)	Porosity volume (mm 3 /g)
	BGN 20/CH	26.6 ± 0.4	7.60 ± 0.03
	BGN 40/CH	25.3 ± 0.3	6.90 ± 0.04
	BGN 60/CH	20.6 ± 0.4	6.70 ± 0.08
	BGN 80/CH	13.8 ± 0.3	6.10 ± 0.08
	3.3Effect of the acetic acid concentration on the structural behavior
	of BGN/CH hybrid scaffold	
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