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Abstract: Developing scaffolds with a three-dimensional porous structure and adequate mechanical 

properties remains a key challenge in tissue engineering of bone. These scaffolds must be 

biocompatible and biodegradable to effectively support osteoblastic cell attachment, proliferation, 

and differentiation. This study successfully fabricated a chitosan-bacterial cellulose (CS-BC) 

composite scaffold using the solvent casting/particle leaching (SCPL) technique, with NaOH/urea 

solution as the solvent and sodium chloride crystals as the porogen. The scaffold exhibited a well-

distributed porous network with pore sizes ranging from 300 to 500 µm. Biodegradation tests in 

PBS containing lysozyme revealed a continuous degradation process, while in vitro studies with 

pre-osteoblastic MC3T3-E1 cells demonstrated excellent cell attachment, as observed through SEM 

imaging. The scaffold also promoted cell proliferation, as indicated by increased OD values in the 

MTT assay, and enhanced ALP activity and upregulated expression of osteogenic-related genes. 

These findings suggest that the CS-BC composite scaffold, fabricated using the SCPL method, holds 

great potential as a candidate for bone tissue engineering applications. 
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1. Introduction 

Bone tissue engineering provides an effective approach for restoring bone lost or damaged due 

to injury, disease, or surgical procedures. A key component of this approach is the design of a porous 

scaffold that provides a three-dimensional environment, facilitating nutrient and oxygen delivery 

while promoting cell attachment, growth, and differentiation for new bone tissue formation. The 

ideal scaffold must be biocompatible, supporting normal cellular processes without causing toxicity. 

It should also be biodegradable, maintain adequate mechanical strength, and feature pores larger 

than 300 µm to support cell penetration and bone tissue growth [1,2]. In recent years, natural 

polymers like collagen, gelatin, alginate, and chitosan have gained popularity for scaffold creation in 

bone tissue engineering. These polymers are favored for their excellent biocompatibility, 

biodegradability, and non-toxic nature, and they offer structural characteristics similar to the native 

extracellular matrix, enabling enhanced cell interaction, attachment, and growth [3]. 

Chitosan (CS) is widely regarded as a key natural polymer for scaffold fabrication in bone tissue 

engineering [4]. It consists of linear chains of glucosamine and N-acetylglucosamine units connected 

by β (1-4) glycosidic bonds. CS is obtained by deacetylating chitin, a substance found in the shells of 

crustaceans like shrimp and crabs [5]. CS closely resembles glycosaminoglycans, key bone and 

cartilage extracellular matrix components, where they interact with collagen fibers and support cell-

cell adhesion [6,7]. CS scaffolds have demonstrated the ability to support osteoblastic cell attachment 
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and proliferation, exhibiting strong osteoconductivity that promotes bone growth both in vitro and 

in vivo studies [8,9]. Despite their benefits, CS scaffolds have limited mechanical strength, restricting 

their use in load-bearing applications. Combining CS with other polymers to create composite 

scaffolds has become a promising solution to address this limitation. This approach has generated 

significant attention for its potential in advancing new applications [10,11]. 

Bacterial cellulose (BC) is a white gelatinous substance produced by specific bacteria such as 

Acetobacter xylinum [12]. The chemical structure of BC is similar to CS, with the key difference being 

that BC contains a hydroxyl group at the C-2 position on the glucose molecule rather than the amino 

group found in CS [13]. BC offers several valuable properties, including excellent biocompatibility, a 

highly porous three-dimensional nanofibrillar structure, superior mechanical strength in dry and wet 

conditions, and an impressive ability to retain water. These attributes make BC an ideal material for 

biomedical applications, such as drug delivery, artificial skin, blood vessels, wound care, and tissue 

engineering scaffolds [14]. 

The combination of chitosan (CS) and bacterial cellulose (BC) has gained considerable attention 

because their structural similarities lead to composite materials that harness the biological benefits of 

CS and the enhanced mechanical strength of BC [15]. Various studies have explored the production 

of CS-BC composites, such as adding CS to the culture medium during BC biosynthesis or immersing 

BC in CS solutions. These approaches have demonstrated that CS can integrate with BC microfibrils, 

forming a denser network structure within the composite material [16,17]. Additionally, CS 

molecules can occupy the voids in the BC network, fostering strong interactions between the two 

components [18]. Although CS-BC composite materials show improved mechanical properties, 

enhanced cell attachment, and better cell growth compared to individual BC or CS, the pore size in 

the composite materials tends to decrease relative to that of natural BC. This is attributed to the 

incorporation of CS into the BC network [19,20]. The pore size of natural BC pellicles is typically 

under 100 nm, which can hinder cell infiltration and migration [21]. 

Various methods for creating polymer scaffolds have been developed, such as solvent 

casting/particulate leaching (SCPL), freeze-drying, gas foaming, electrospinning, and phase 

separation [22]. SCPL is the most commonly used method due to its straightforward process. The 

process involves dissolving a polymer in a solvent, combining it with a porogen such as sodium 

chloride (NaCl) crystals, molding the mixture, and then leaching the porogen and solvent to create a 

porous scaffold [23]. One of the key benefits of SCPL is that it allows precise control over the porosity 

and pore size of the scaffold by adjusting the quantity and particle size of the NaCl crystals 

incorporated into the mixture [24]. Our previous work successfully fabricated a CS-BC composite 

scaffold with a three-dimensional porous structure using the SCPL method. We dissolved CS and BC 

in a sodium hydroxide (NaOH)/urea solution, and added NaCl crystals (450-500 μm) in the mixture 

to achieve the desired porosity and pore size. The resulting CS-BC composite scaffold had a porosity 

of about 92% and pore sizes averaging 300-500 μm, along with strong mechanical properties and high 

water absorption [25]. However, its biocompatibility and biodegradability still need to be thoroughly 

investigated to evaluate how the incorporation of CS with BC affects the scaffold's performance, 

which is essential for determining its suitability for bone tissue engineering. So, this study aims to 

evaluate the in vitro biodegradation and osteogenic differentiation of MC3T3-E1 cells on the CS-BC 

composite scaffold prepared via the SCPL method by analyzing cell attachment, proliferation, and 

osteogenic-gene expression using real time-quantitative polymerase chain reaction (RT-qPCR). 

2. Materials and Methods 

2.1. Fabrication of CS-BC Composite Scaffold 

In our previous report, we successfully fabricated a porous CS-BC composite scaffold with a 1:1 

weight ratio using the SCPL method. The process began by dissolving 0.1 g of chitosan (CS) powder 

(extracted from shrimp shells, ≥75% deacetylated, C3646-25G, Sigma-Aldrich, USA) in 10 mL of a 

NaOH/urea/water solution pre-cooled to -12 °C (weight ratio 7:12:81, KA482 and KA817, KEMAUS, 

Australia) to prepare a 1 wt% CS solution. This solution underwent six freeze-thaw cycles to improve 
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its consistency. 0.1 g of bacterial cellulose (BC) powder was added and gently mixed at -12 °C to 

achieve a uniform solution. Following this, 8 g of sodium chloride (NaCl) crystals (KA465, KEMAUS, 

Australia), with particle sizes between 450 and 500 μm, were added and evenly distributed 

throughout the CS-BC mixture. The prepared solution was transferred into a glass tube and left to 

solidify. It was then immersed in distilled water multiple times until the pH reached 7. The sample 

underwent overnight freezing at -20 °C, followed by a 24-hour freeze-drying process at -50 °C using 

a freeze-dryer (Millrock Technology Inc., New York, USA). 

2.2. Scanning Electron Microscopy 

Scanning electron microscopy (SEM, FEI Quanta 250, Netherlands) was used to observe the 

porous structural scaffolds. Cross-sectional scaffolds were mounted on the adhesive aluminum stubs 

and covered with a thin gold layer using a modular coater system (Quorum Model Q150R, United 

Kingdom). The images were captured using an acceleration voltage of 15 to 20 kV to evaluate detailed 

surface and structural characteristics. 

2.3. In Vitro Biodegradable Study 

The scaffold’s biodegradability was assessed through an in vitro biodegradation study. The 

samples were immersed in 5 mL of PBS-lysozyme solution (pH 7.4) containing 10,000 U/mL lysozyme 

from Sigma-Aldrich (L1667, USA), kept under 37 °C of an incubator and the fresh solution was 

replaced every 3 days [26]. The scaffold’s initial dry weight was denoted as Wi. After being incubated 

for 7, 14, and 21 days, the scaffolds were removed from the solution, rinsed gently with distilled 

water, and dried in an oven at 35 °C. The dried scaffolds were again weighted and denoted as Wt. 

The scaffolds submerged in PBS solution without lysozyme were also performed as the control group. 

A percentage of weight loss (WL%) due to the scaffold’s biodegradability was determined using the 

following equation: 

WL% = [(Wi- Wt)/ Wi] x 100 (1) 

2.4. In Vitro Biocompatible Study 

2.4.1. Cell Culturing and Seeding Procedure 

The preosteoblastic mouse cell line, MC3T3-E1, was cultured in a growth medium supplemented 

with alpha-MEM (SH30265.02, Cytiva, HyClone Laboratories, Utah, USA), 10% FBS (fetal bovine 

serum, 1600044, Gibco, USA) and 1% antibiotic mix (penicillin/streptomycin,15240062, Gibco, USA), 

and maintained in a 5% CO₂ incubator at 37 °C. Before testing, the circular discs of scaffolds (15x1 

mm) were sterilized using 70% ethanol and UV light for 10 and 20 minutes, respectively. Sterilized 

scaffolds were then placed into the 24-well tissue culture plates, pre-incubated in growth medium at 

37 °C overnight, and seeded with 3.5 × 10⁴ cells per well directly onto each scaffold in triplicate. 

Control wells without scaffolds were also included for comparison. The fresh growth medium was 

replacled every two days. 

2.4.2. Cell Attachment 

SEM examined the MC3T3-E1 cells attached to CS-BC scaffolds following incubation for 1, 3, 

and 7 days, with preparation steps including PBS washing, fixation, dehydration, drying, and gold 

sputter-coating. 

2.4.3. Cell Proliferation 

The MTT assay (M6494, ThermoFisher Scientific, USA) was performed to evaluate cell 

proliferation on CS-BC scaffolds at a determined time (on days 1, 3, and 7). After washing in PBS 

solution, each sample well was treated with 500 µL of MTT solution (0.5 mg/mL in phenol red-free 

DMEM) and incubated in the dark at 37 °C for 4 hours. Afterward, the MTT solution was replaced 
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with dimethylsulfoxide (DMSO) to dissolve the formazan crystals, and the optical density (OD) 

values were measured in triplicate at 570 nm. 

2.5. Cell Differentiation 

Following 24 hours of seeding, the growth medium was replaced with an osteogenic medium to 

promote osteoblastic differentiation. The osteogenic medium comprised of the growth medium, 50 

µg/mL L-ascorbic acid (A92902, Sigma-Aldrich, USA), 10 nM dexamethasone (D4902, Sigma-Aldrich, 

USA) and 10 nM β-glycerophosphate (G9422, Sigma-Aldrich, USA). The cultures were set at 37 °C in 

a 5% CO₂ incubator, maintained for 7, 14 and 21 days, and the fresh medium was renewed every two 

days. 

2.5.1. Alkaline Phosphatase (ALP) Enzyme Activity Assay 

ALP activity, which indicates osteoblastic differentiation, was measured using the BCIP/NBT 

substrate system (203790, Sigma-Aldrich, Germany) following the protocol of Wang et al. [27], with 

OD readings taken at 405 nm. 

2.5.2. Gene Expression Analysis by RT-qPCR 

Cellular RNA was isolated from MC3T3-E1 cells in triplicate composite scaffolds using TRIzol 

reagent (Invitrogen, Carlsbad, CA, USA). cDNA synthesis was performed using a reverse 

transcription kit (iScript Reverse Transcription Supermix, Bio-Rad, USA), following the supplier’s 

protocol. A thermal cycler (T100, Bio-Rad Laboratories Inc., USA) performed the reverse transcription 

condition at 25 °C for 5 minutes, 46 °C for 20 minutes and 95 °C for 1 minute, respectively. 

Osteoblastic differentiation was evaluated by RT-qPCR using the FastStart Essential DNA Green 

Master Mix kit (Roche Diagnostics, Germany). The reactions were operated with a LightCycler 480 II 

system (Roche Diagnostics, Germany) and the following settings: 45 cycles of 95 °C for 30 seconds, 

58 °C for 30 seconds, and 72 °C for 30 seconds. Negative controls without cDNA were included to 

ensure specificity. Specific primers for osteocalcin (OCN), alkaline phosphatase (ALP), collagen type 

I (COL-1), and bone sialoprotein (BSP) were used to check osteogenic-related gene, which were 

normalized against the expression level of glyceraldehyde-3-phosphate dehydrogenase (GAPDH, as 

internal control) with results expressed as fold changes compared to controls [28], all primers are 

listed in Table 1. 

Table 1. Osteogenic-related genes and primer sequences for RT-qPCR analysis in MC3T3-E1 cells. 

Gene names Forward/Reverse primer sequences 

OCN 
5’-TGACCTCACAGATCCCAAGCC-3’/5’-

ATACCGTAGATGCGTTTGTAGGC-3’ 

ALP 
5’-CCTTGCCTGTATCTGGAATCCT-3’/5’-

GTGCAGTCTGTGTCTTGCCTG-3’ 

COL-1 
5’-GGGTCTAGACATGTTCAGCTTTGTG-3’/5’-

ACCCTTAGGCCATTGTGTATGC-3’ 

BSP 
5’-CCTCCTCTGAAACGGTTTCCA-3’/5’-

TCTGCATCTCCAGCCTCCTTG-3’ 

GAPDH 
5’-AGGTCGGTGTGAACGGATTTG-3’/5’-GGGGTCGTTGATGGCAACA-

3’ 

2.6. Statistical Analysis 

Each experiment was conducted in triplicate, and the data are expressed as mean values with 

corresponding standard deviations. The Shapiro-Wilk test assessed data normality, while Levene's 

test was applied to evaluate variance homogeneity. For statistical comparisons, an independent t-test 

was employed for two-group analyses, while one-way ANOVA with Bonferroni post-hoc tests was 

used for multi-group comparisons. IBM SPSS Statistics version 29.0 (IBM Corp., Armonk, NY, USA) 
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was used to conduct the statistical analyses and all graphical data visualizations were created with 

GraphPad Prism 8 (GraphPad Software, San Diego, CA, USA). A p-value of less than 0.05 was 

considered statistically significant. 

3. Results 

3.1. SEM Analysis of CS-BC Composite Scaffold Morphology 

The CS-BC composite scaffold fabricated using the SCPL method is depicted in Figure 1a, 

showcasing a three-dimensional porous sponge structure after the freeze-drying process. The SEM 

image in Figure 1b illustrates the cross-section of the freeze-dried CS-BC composite sponge, revealing 

a porous network with uniformly distributed pores and rough pore walls. The pore sizes ranging 

from approximately 300 to 500 µm were revealed. These structural characteristics suggest that the 

CS-BC composite scaffold possesses favorable morphology and pore size. 

 

Figure 1. Photograph of the freeze-dried CS-BC composite sponge (a) and SEM image of the surface 

morphology and porosity of the cross-sectional scaffold (b) at 100X magnification. 

3.2. The Biodegradation of CS-BC Scaffold 

The biodegradation behavior of the developed CS-BC composite scaffolds was evaluated 

through an in vitro study. The scaffolds were immersed in PBS solution with and without lysozyme, 

and the weight loss percentage was assessed over various time points (7, 14, and 21 days), as shown 

in Figure 2. The results revealed a gradual increase in weight loss across all groups throughout the 

degradation period. Precisely, the weight loss of the CS-BC composite scaffolds was measured at 10% 

(±1.15), 18% (±0.00), and 24% (±0.58) on days 7, 14, and 21, respectively. The control group showed 

weight loss of 2% (±0.00), 5% (±0.00), and 8% (±1.15) at the respective time points, demonstrating that 

the CS-BC composite scaffolds experienced significantly more significant weight loss. The results 

confirm the biodegradability of CS-BC scaffolds in the presence of lysozyme, with their degradation 

rate dependent on the incubation duration. 
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Figure 2. Percentage of weight loss of CS-BC composite scaffolds following immersion in PBS with 

and without lysozyme at different time intervals. Statistical significance is indicated as *P < 0.05, **P 

< 0.01, and ***P < 0.001. 

3.3. MC3T3-E1 Cell Attachment and Proliferation on the CS-BC Composite Scaffold 

The evaluation of MC3T3-E1 cell attachment and proliferation on the CS-BC scaffold are 

depicted in Figures 3a-c. On day 1 post-seeding, SEM images revealed individual cells with a 

spherical morphology beginning to adhere to the pore walls of the composite scaffold (Figure 3a). 

The cells appeared evenly distributed across the surface, indicating efficient seeding. The initial 

spherical shape suggests that the cells were in the early stages of attachment as they began 

establishing interactions with the scaffold material. By day 3, the cells exhibited an irregular, rounded 

morphology with visible microvilli-like projections extending to anchor themselves to the scaffold 

surface (Figure 3b). These projections indicate active cell-scaffold interaction, which is crucial for 

promoting cellular adhesion and subsequent proliferation. The cells appeared to bridge across the 

pores, demonstrating the scaffold's ability to support cellular spreading and integration. By day 7, 

the cells displayed a flattened shape and remained securely attached to the pore walls of the scaffold 

(Figure 3c). This morphological change suggests that the cells had adapted to the scaffold's surface 

and achieved stable adhesion. Additionally, the cells showed signs of forming a continuous layer, 

potentially indicating the onset of extracellular matrix production. 

Cell proliferation was assessed quantitatively using the MTT assay, with results presented in 

Figure 4. The optical density (OD) values of the cells cultured on the composite scaffold increased 

progressively throughout the experiment, indicating enhanced metabolic activity and proliferation 

over time. On day 1, the OD value for MC3T3-E1 cells cultured on the CS-BC composite scaffold was 

significantly lower than the control group, suggesting that the initial adhesion phase required an 

adjustment period as the cells adapted to the scaffold's surface. However, by day 3, the OD value for 

the composite scaffold group showed a marked increase, surpassing the control, highlighting the 

scaffold's supportive environment for cellular proliferation. By day 7, the OD values of both groups 

were comparable, with no statistically significant difference (ns), indicating consistent cell viability 

across both conditions. The results of the MTT assay (Figure 4) underscore the CS-BC composite 

scaffold's ability to sustain cellular attachment and promote proliferation over time. The observed 

increase in OD values from day 1 to day 7 reflects the scaffold's biocompatibility and capacity to 

support the metabolic activity of MC3T3-E1 cells. These findings further confirm that the scaffold 

provides a favorable microenvironment for cellular growth. This makes it a potential candidate for 

bone tissue engineering applications. 
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Figure 3. The attachment of MC3T3-E1 cells on the CS-BC composite scaffolds was evaluated through 

SEM images: Day 1 at 5,000X magnification (a), Day 3 at 2,500X magnification (b), and Day 7 at 2,500X 

magnification (c). 

 

Figure 4. MC3T3-E1 cell proliferation on CS-BC composite scaffolds was compared to the control 

group (scaffold-free) on days 1, 3, and 7 (Statistical significance indicated as *P < 0.05, **P < 0.01, ***P 

< 0.001, ns: not significant). 

3.4. MC3C3-E1 Cell Differentiation on the CS-BC Composite Scaffold 

Early markers of osteoblastic differentiation, such as ALP enzyme activity, reflect the 

progression of the osteogenic process. Figure 5 presents the ALP activity of MC3T3-E1 cells cultured 

on the CS-BC composite scaffold under osteogenic induction conditions over 21 days. The optical 

density (OD) values showed a time-dependent increase in ALP activity, highlighting the scaffold's 

supportive role in cell differentiation. On day 7, the ALP activity was relatively low, suggesting that 

the cells were in the early stages of differentiation. By day 14, a notable increase in ALP activity was 

observed, indicating that the cells were advancing toward osteoblastic maturation. On day 21, ALP 

activity peaked, approximately doubling compared to the levels recorded on day 7 and showing a 

further increase compared to day 14. These findings emphasize the CS-BC composite scaffold's 

potential to effectively promote and sustain osteoblastic differentiation over time. 

The gene expression analysis revealed a gradual increase in key osteogenic markers over 21 

days. The mRNA levels of OCN, ALP, COL-1, and BSP progressively elevated in the scaffold group 

and were consistently higher than in the control group, as shown in Figure 6a-d. OCN expression 

remained similar to the control on Day 7, then significantly increased by Day 14, peaking at Day 21 

(Figure 6a). ALP showed no significant difference on Day 7 but rose significantly by Day 14 and 
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continued to increase through Day 21 (Figure 6b). COL-1 exhibited a moderate yet significant increase 

on Day 7, further intensifying on Day 14 and reaching a marked elevation by Day 21 (Figure 6c). 

Likewise, BSP expression was comparable to the control on Day 7 but significantly increased on Day 

14 and peaked on Day 21 (Figure 6d). Overall, these results suggest that the CS-BC scaffold supports 

osteogenic differentiation effectively. 

 

Figure 5. ALP activity of MC3T3-E1 cells cultured on CS-BC composite scaffolds and scaffold-free 

control groups at days 7, 14, and 21 (Statistical significance indicated as *P < 0.05, **P < 0.01, ***P < 

0.001). 

 

Figure 6. RT-qPCR analysis for OCN (a), ALP (b), COL-1 (c), and BSP (d) expression in MC3T3-E1 

cells cultured on CS-BC composite scaffolds and scaffold-free control groups at days 7, 14, and 21 

(Statistical significance indicated as *P < 0.05, **P < 0.01, ***P < 0.001). 
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4. Discussion 

A suitable scaffold for tissue engineering of bone should offer a well-defined three-dimensional 

porous structure and sufficient mechanical stability. In addition, it must exhibit biodegradability and 

biocompatibility, ensuring non-toxicity while supporting cell adhesion, cell division, cell 

proliferation, and cell differentiation toward the formation of new bone tissue [29]. This study 

fabricated a CS-BC composite scaffold using the SCPL method, with NaOH/urea solution as the 

solvent and NaCl particles as the pore-forming agent. The scaffold displayed a porous structure with 

pore sizes between 300 and 500 µm. Its morphology revealed high porosity, a connected pore 

network, and consistent pore distribution with surface roughness. These features are critical for 

facilitating nutrient exchange and promoting effective cell attachment, which is essential for tissue 

regeneration. Previous research has indicated that increased pore roughness enhances cell spreading, 

while pore sizes exceeding 300 µm are particularly conducive to cell infiltration. Such pore 

dimensions are widely regarded as optimal for supporting bone tissue formation. [30,31]. 

Biodegradation is a critical property of scaffolds for bone tissue engineering, requiring them to 

gradually degrade to create space for new bone growth and matrix deposition following cell 

proliferation [32]. This study assessed the in vitro biodegradation of CS-BC composite scaffolds using 

a PBS solution containing lysozyme, an enzyme naturally present in various human and animal 

tissues and fluids [33]. The results showed a consistent reduction in the scaffolds’ weight over time, 

indicating their biodegradability in the presence of lysozyme. This degradation behavior is likely due 

to the β (1→4) glycosidic bonds between glucosamine and N-acetylglucosamine in chitosan, which 

lysozyme can cleave [34]. Additionally, bacterial cellulose may contribute to the degradation process 

due to its structural instability, reduced crystallinity, and the morphological characteristics of the 

scaffold [35]. The findings suggest that the CS-BC composite scaffold has a prolonged degradation 

rate, making it a strong contender for bone tissue engineering applications. 

The biocompatibility of scaffolds is essential in bone tissue engineering, as it directly influences 

cellular adherence, cell division, proliferation, and differentiation [36]. In this study, the CS-BC 

composite scaffold demonstrated excellent biocompatibility with MC3T3-E1 cells, supporting their 

attachment and proliferation without exhibiting cytotoxic effects. The scaffold’s natural composition, 

derived from CS and BC, and its extracellular matrix-like structure significantly enhanced 

osteoblastic attachment and proliferation [37,38]. These properties underline the suitability of CS-BC 

scaffolds for bone tissue applications. Furthermore, the scaffold's ability to promote early osteoblastic 

differentiation was demonstrated by increased ALP activity and the showing of osteogenesis-related 

genes [39]. These findings suggest that CS-BC composite scaffolds hold promise as a viable substrate 

for promoting bone regeneration in tissue engineering applications. 

The initiation of osteoblastic differentiation in MC3T3-E1 cells is marked by increased ALP 

activity, a critical process for promoting bone mineralization [40]. In this study, the CS-BC composite 

scaffold demonstrated the ability to enhance ALP activity over time, confirming its role in supporting 

the differentiation of MC3T3-E1 cells. The scaffold also facilitated the upregulation of key osteogenic-

related genes, including OCN, ALP, COL-1, and BSP, which are essential for various stages of 

osteoblastic differentiation [41,42]. OCN, pivotal in bone matrix formation, showed elevated 

expression, indicating the transition of cells to the mineralization phase [43]. ALP plays a key role in 

extracellular matrix mineralization, with its expression rising during differentiation, serving as a 

marker for osteoblast differentiation [44]. COL-1, the primary component of the bone matrix, is 

produced during the differentiation of osteoblasts [45]. Moreover, BSP is a marker for late 

differentiation of osteoblasts and a gene related to the mineralization phase of bone formation and 

support cell attachment [46]. The relative expression level of OCN, ALP, COL-1 and BSP had been 

observed in the in vitro studies in various composite scaffolds such as CS/hydroxyapatite/collagen, 

hydroxyapatite/CS/gelatin, BC/collagen, BC/gelatin/hydroxyapatite and polyglycolide/ 

polycaprolactone. These gene expressions were found to be low on the initial time, but they were 

significantly upregulated over time and demonstrated notable differences when compared to the 

control group [47–51]. Our findings revealed that the expression levels of osteogenic-related genes, 

OCN, ALP, COL-1, and BSP, in MC3T3-E1 cells cultured on the CS-BC composite scaffold 
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consistently increased over time and were considerably more remarkable than the control group. 

These results highlight the ability of the CS-BC composite scaffold to enhance the osteoblastic 

differentiation of MC3T3-E1 cells. 

5. Conclusions 

This study successfully developed a CS-BC composite scaffold, demonstrating its practical 

potential for bone tissue regeneration applications. The scaffold was produced using the SCPL 

method, with NaOH/urea solution as the solvent and NaCl particle as a porogen to create a three-

dimensional porous structure characterized by high porosity and pore sizes exceeding 300 µm. The 

CS-BC composite scaffold demonstrated excellent biocompatibility and biodegradability, providing 

a supportive environment for MC3T3-E1 cell adherence, cell division, proliferation, and osteoblastic 

differentiation. Further investigations, particularly in vivo studies, are essential to comprehensively 

evaluate the scaffold's osteogenic capabilities and potential for clinical applications in bone 

regeneration. 
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ALP (b), COL-1 (c), and BSP (d) expression in MC3T3-E1 cells cultured on CS-BC composite scaffolds and 

scaffold-free control groups at days 7, 14, and 21 (Statistical significance indicated as *P < 0.05, **P < 0.01, ***P < 

0.001). 
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