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 Abstract 

Introduction: Many diseases such as cancers, infections and accidents may cause bone defects. So 

far, many efforts have been made to improve bone tissue engineering, but there are still some 
ambiguities in this field. 

Objective: The aim of the present study is the evaluation of the osteogenic properties of 
polycaprolactone/Chitosan/Graphene oxide nanofiber scaffold. 

Material and Methods: The scaffolds were synthesized by electrospinning method. In this regard, 

polymers were dissolved in the solvent and then graphene oxide was added into polymeric solution 

with a ratio of 2% and 4%. The parameters of the scaffold evaluated via scanning field emission 

electron microscopes (FE-SEM), Fourier transform infrared spectroscopy (FTIR), X-ray Diffraction 

(XRD), Contact angle, Alizarin red stating, and Alkaline phosphatase (ALP). For evaluation of the cell 
behavior on the scaffolds, the MG-63 was used. 

Result: The findings show graphene oxide not only has a positive effect on the osteogenic properties, 

but also improve the physico-chemical properties of the scaffolds. The scaffold with 4% graphene 
oxide make scaffold more hydrophilic in contrast with 2% and 0% scaffold. 

Conclusion: The scaffold with 4% graphene oxide shows better morphology, biocompatibility and 

biological properties in compare to the other scaffolds. In general, the above properties suggest that 

the GO could enhance osteogenic properties of the scaffolds and GO-incorporated scaffold are a 

suitable substrate for bone tissue engineering. 
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1. Introduction 

Tissue engineering is a new approach in the field of 

regenerative medicine, which can be considered as an 

alternative to current transplants in the near future. 

Tissue engineering uses polymeric biomaterials 

known as scaffolds instead of complex living 

procedures at operation rooms for regeneration of 

injured tissues or organs. Designed scaffolds must 

resemble and mimic the structural and functional 

behavior of host cells. The ECM which is a 3-

dimensional complex surrounding cells has a key role 

in the support and regulation of cells. Depending on 

certain physical and biochemical features, ECM can 

result in fabrication of a variety of tissues and organs 

[1–3] Considering the role of extracellular matrix 

(ECM) in support and coordinating the regulation of 

living cell; the polymeric scaffold should be designed 

accordingly to achieve the best results in tissue 

engineering. In our body, Depending on certain 

physical and biochemical features, ECM can result in 

the fabrication of a variety of tissues and organs [4,5]. 

Nanofiber scaffolds have been offered as a suitable 

alternative to replace ECM [6,7]. For tissue 

engineering, a scaffold should have properties close 

to the native host tissue, such as biocompatibility and 

biodegradation [8,9]. A polymer, cannot meet all the 

requirements of an ECM [10]. Each material has some 

specific properties which will contribute to the overall 

efficiency of the scaffold. Due to the synergic effect, 

the combined effect of materials may surpass the total 

advantages of materials when considered alone. All 

polymeric, non-polymeric, synthetic and natural 

polymers can be used for the fabrication of 

nanofibrous scaffolds [11–14].     

Considering the fact that Polycaprolactone (PCL) has 

distinctive mechanical qualities and shows acceptable 

tensile property, it has been widely used in tissue 

engineering in the last years. PCL is a synthetic linear 

hydrophobic polymer, and it has the capability to 

improve bone tissue repair by improving the 

osteogenic differentiation of human mesenchymal 

cells [2]. PCL can increase the structural stability of 

the composite scaffolds. Nevertheless, PCL has a 

hydrophobic nature and has relatively less potential 

for cell attachment compared with natural polymers 

[15].  But the final scaffolds need to better biological 

properties. 

Chitosan is a natural polymer suitable for tissue 

engineering applications. Chitosan, obtained from 

chitin, is a biocompatible and biodegradable natural 

polysaccharide. The similarity between Chitosan and 

glycosaminoglycan (a major constituent of native 

ECM) also plays a key role in choosing the material 

for tissue engineering scaffolds. Suitable cell 

adhesion and proliferation and remarkable 

antibacterial effect are caused by Chitosan [16,17]. 

These polymers in a mixture with PCL can help to 

final structure of bone scaffold which needed to be 

addressed. 

As synthetic polymer scaffolds have desirable 

mechanical properties and natural polymers usually 

are the main source of high biocompatibility and 

biodegradability, a composite scaffold can be applied 

to achieve the best result. Furthermore, some features 

of synthetic and natural polymers such as biological 

and biomechanical characteristics can be enhanced by 

functionalization. For the purpose of functionalizing, 

Graphene oxide (GO) is a notable material that can be 

used. GO is obtained by the oxidation of graphite. 

Acquiring a great amount of oxygen causes GO to 

exhibit great biocompatibility and also bioactivity. It 

is also considered hydrophilic because of OH groups 

and COOH groups [18]. In recent years, Graphene 

and GO have been as a good candidate for biomedical 

research and especially in the differentiation and stem 

cells field [19]. GO can enhance certain 

biomechanical and biological properties when it is 

used as a reinforcing filler in the structure of 

polymers. Depending on the interaction between the 

GO and the polymer matrix, the ultimate nanofibers 

might show better biological and physico-chemical 

properties [20,21]. 

Electrospinning is a simple but versatile technique 

which can produce nanofibers. And it is also suitable 

for reaching a combination of the advantages of GO 

and composite polymers. The electrospun nanofibers 

exhibit similar features to ECM which mostly consists 

of nanofibers [15,22]. 

In previous bone tissue engineering studies composite 

either two polymers such as collagen/PCL [23,24] 

and PCL/chitosan [25] were used for fabrication of 
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scaffold. Some studies also incorporated GO into 

single or binary polymer nanofibers [26,27]. 

However, there is no study on the fabrication of GO-

incorporated PCL/chitosan electrospun composite 

scaffold. Hence, this study aimed to fabricate a 

chitosan/PCL scaffold with different percentage of 

GO incorporated into the structure.  
 

2. Materials and Methods 

2.1. Materials 

 Polycaprolactone (Mn= 80 kDa), chitosan powder 

(degree of deacetylation: 90.3±2.1 %), Thiazolyl blue 

tetrazolium bromide (Mw=414.32 g/mol), Hydrogen 

peroxide (Mw=34.01 g/mol), Glutaraldehyde and 

penicillin-streptomycin were all provided by Sigma-

Aldrich Co. Ltd. USA. Phosphate buffered saline 

(powder, pH 7.4) was from Aprin Advanced 

Technologies Development Co. Ltd. Iran. Dulbecco's 

Modified Eagle's Medium (DMEM) and Fetal bovine 

serum (FBS) were purchased from Gibco-BRL Co. 

Ltd. USA.  Ethanol (99.8%, Mw=46.07 g/mol) was 

purchased from Samchun Pure Chemicals Co. Ltd. 

South Korea. And finally, MG-63 cells were 

purchased from the Pasteur Institute of Iran. 

 

2.2. Graphene oxide synthesis 

With oxidation of expanded graphite using a modified 

Hummer [28], GO was prepared. The preparation 

itself consisted of different steps; first, 1 gram of 

graphite was added to 1 gram of sodium nitrate in 

H2SO4, then 20 minutes of ice bath condition were 

performed for stirring the materials. After the 

dissolution of Granite, 8 g of KmnO4 powder was 

added to the solution, and the mixture was stirred for 

2 hours at 40°C. After the color of the solution turned 

into brown, H2O2 was added to the solution. In order 

to attain neutrality, the obtained solution was rinsed  

 

with 5% HCl and double distilled water.  

 

2.3. Preparation of PCL/Chitosan electrospun 

scaffold 

5 wt% PCL and 2 wt% chitosan were prepared 

separately by dissolving their powders into a 60% 

acetic acid / 60% formic acid (1/1, v/v) solvent and 2 

hours stirring at 200 rpm at room temperature. The 

volume ratio of the composite solution was prepared 

was 2:1 PCL to chitosan. After 12 hours of stirring the 

components were homogeneously dispersed. After 

preparing the initial mixture, GO was added in 

different weight ratios to obtain solutions with various 

concentrations of 0, 2 and 4 wt%. GO dispersion was 

mixed into the PCL/chitosan mixture and was for 4 

hours stirred. The final solutions named 0%, 2%, 4% 

were used for electrospinning. 

 

2.4. Electrospinning of the composite scaffold 

Final solutions were loaded into 2 ml plastic syringe. 

Before starting the electrospinning the needle (21G). 

The flow rate of the solution at 0.5 ml/h was 

controlled by a syringe pump. 20 kV voltage at the tip 

of the needle and the 11 cm distance between the 

collector and the needle were maintained throughout 

the procedure, and the nanofibers were collected on 

an aluminum plate at room temperature. Table 1 

presents the name of the scaffold according to their 

components.  

 

2.5. Characterization of prepared scaffolds 

2.5.1. Morphology and fiber diameter 
The nanostructure of the scaffolds was evaluated by 

Scanning electron microscope (SEM, Stereoscan S 

360-Leica, UK) at a voltage of 15 kV. Gold coated 

scaffolds achieved by a sputter coater (Emitech

Table 1. The abbreviation and composition of scaffolds 

Code Composition Graphene Oxide 

0% GO PCL/Chitosan - 

2% GO PCL/Chitosan /GO 2% 

4% GO PCL/Chitosan /GO 4% 
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K450X, Ashford, UK) in double 40 second 

consecutive cycles at 45 mA to produce conductive 

surface. The nanofibers were studied at 3 random 

sites. In each site 4 images were taken. The average 

size of 30 obtained images was analyzed with an 

image analysis program (KLONK Image 

Measurement Light, Edition 11.2.0.0). 

For identifying how GO embeds on the nanofibers 

TEM analysis was used. TEM investigation was 

obtained a transmission electron microscope 

(CM120, PEG, Philips) at a voltage of 100 kV.  

 

2.5.2. Fourier transform infrared spectroscopy 

analysis (FT-IR) 

Chemical bonds were evaluated performing FTIR 

spectroscopy over a range between 4000 and 400 cm-

1. The preparation of samples performed by mixing 

600 mg potassium bromide (KBr) with 2 mg of each 

raw materials, GO and the scaffolds. 

 

2.5.3. Contact angle 
 Contact angle test was applied to measure 

hydrophilicity with a precise goniometer (DSA 100, 

KRÜSS GmbH Co., Hamburg, Germany). A syringe 

was placed vertically above the scaffold surface, a 

4μL drop of water applied on a 1 cm2 square sheet of 

each scaffold. Each measurement was repeated for 

three times at 3 different sites, and the mean value was 

reported as the contact angle. 

 

2.5.4. Bioactivity analysis 
To probe the effect of the ratio of GO on bioactivity, 

the sediments of hydroxyapatite (HA) was measured 

by immersing the scaffolds in 25 ml of SBF solution 

and incubating them inside a thermoshaker (LS-100, 

Thermo Scientific, USA) at 25 rpm at 37 °C. The 

Scaffolds were immersed for 12 hours in SBF10X 

which was being replaced every 2 hours. FE-SEM 

then used to detect the formation of appetite on the 

surfaces, equipped with EDX (FE-SEM, MIRA3, 

TESCAN Co., Czech Republic). For producing 

conductive surface and charge reduction, the samples 

were coated by a gold layer in two 30 seconds cycle 

at 45 mA[30]. X-ray diffraction (XRD, Philips 

PW3710) then used to examine the phase analysis of 

the samples with monochromatic Cu Kα radiation 

with the performing conditions of 30 mA and 40 kV. 

 

3. Results and Discussion 

3.1. Morphology of the electrospun scaffolds 
It has been shown that scaffolds comprised of 

nanofibers are advantageous over microfibrous 

scaffolds as their nanoscale fibers are in the same 

order of proteins in native ECM and thus, enhance 

cell-matrix interactions [33]. As depicted in Figure 1, 

straight and randomly oriented nanofiber structures 

were observed in all three groups of 0, 2, and 4% GO-

incorporated PCL/Chitosan scaffolds. nanofiber 

structures, PCL seems to be a fiber diameter 

controlling parameter, as increasing the PCL ratio 

would lead to an increase in the fiber diameter. On the 

other hand, an increment in chitosan ratio may result 

in beaded structures. Hence, to achieve thin 

nanofibers while avoiding bead formation in 

electrospun scaffolds, here we used 1:1 ratio of 10% 

PCL and 5% Chitosan. SEM micrographs verified 

that bead morphology was not observed in any of the 

scaffolds, independent to GO concentration. 

However, the addition of GO resulted in a slight  

 

Figure 1. SEM micrographs and nanofiber distribution of  

electrospun scaffolds 0% GO (a), 2% GO (b), and 4% GO 

 (c) scaffolds. Mean fiber diameter of all scaffolds. 
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reduction in the diameter of nanofibers. This could be 

associated with the fact that GO is a thickening agent 

and increased viscosity result into thinner electrospun 

nanofibers. The mean diameter of nanofibers in 0, 2, 

and 4% GO-incorporated PCL/Chitosan scaffolds are 

92.05±17.11, 88.79±18.71, and 85.55±17.90, 

respectively. (Figure 1d) 

For close resemblance of native ECM, a scaffold 

should also provide an Interconnected, microporous 

structure to allow cell migration and penetration 

through the scaffold. This structure could be seen in 

Figure 1. In the native ECM, lysyl oxidase and 

collagenase are two regulating factors that locally 

decrease and increase matrix porosity, respectively 

[34]. Presence of different porosities is an advantage 

for a biomimetic scaffold since the native ECM is also  

non-homogenous in this aspect. The smooth surface 

of nanofibers in Figure 1b and 1c indicates that GO 

nanosheets are well embedded in the nanofibers.   

 

Accordingly, a TEM micrograph of the 4% GO-

incorporated PCL/Chitosan scaffold (Figure 2), 

confirms the presence and embedding of the GO 

nanosheets. 

 

3.2. Characterization of materials 
To verify the success of GO synthesis, the FE-SEM, 

the XRD and the FTIR analysis were conducted. 

Figure 3a shows GO. As illustrated in Figure 3b, the 

diffraction peak is located at 2ϴ=15.5°. XRD pattern 

clearly demonstrates the formation of GO using the 

modified Hummers’ method. The diffraction peak 

location and sharpness is also in accordance with 

previous studies [35–38]. FTIR spectra of GO is 

shown in Figure 3c. Characteristic peaks of GO 

appear at approximately 3500 cm-1 (hydroxyl groups), 

at 1630 cm-1 (carboxyl groups), and at 1740 cm-1 

(carbonyl groups). These results, together with XRD 

analysis confirm the proper synthesis of GO.  

 

 

 

 

 

 

 
 

     

 

 Figure 2. TEM micrograph of the 4% GO scaffold. Darker dot-shaped regions revealed the presence of GO nanosheets. 
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Figure 3. SEM micrograph of the synthesized GO (a), XRD of 

the GO (b), and FTIR of the synthesized GO. 

 

Figure 4 also illustrates the FTIR spectrum of PCL. 

Infrared bands at 2922 cm-1 (asymmetric stretching), 

2864cm-1 (symmetric CH2 stretching), 1722 cm-1 

(carbonyl stretching), 1288 cm-1 (CO and CC 

stretching) and 1243 cm-1 (asymmetric COC 

stretching) were observed. Characteristic peaks of 

PCL are in accordance with those described in the 

literature [39]. Likewise, FTIR spectrum of Chitosan  

Figure 4. FTIR spectra of polycaprolactone (PCL), chitosan (CS), 

graphene oxide (GO), PCL/chitosan (PC), and PCL/chitosan/GO4 

(PCG) scaffolds in the region 400-4000 cm-1. 
 

was investigated and characterized by its three peaks 

at 3424 cm-1 (hydroxyl groups), 1610 cm-1 (primary 

amine groups), and 1092 cm-1 (ether groups) [40]. 

To study the bonding between PCL and Chitosan, 

FTIR spectrum of 0% GO sample was analyzed. The 

infrared band at around 3400 cm-1 and 1700 cm-1 

match with those characteristic peaks of pure PCL and 

pure Chitosan and shows CH2 and C=O (carbonyl) in 

PCL; and OH (hydroxyl groups) and C=O (carbonyl) 

in Chitosan, respectively.  

The FTIR of 0% GO sample shows the carbonyl 

group shows more intensity at around 1700 cm-1. But, 

the absence of additional peaks in this sample 

spectrum demonstrates that the two polymers did not 

form new covalent bonding. Hence, only physical 

interactions between functional groups of the 

polymers would be possible [41].  

FTIR spectrum of 4% GO sample scaffold did not add 

noticeable peaks, compared with 0% GO sample 

spectrum. However, after GO was added, the sharp 

peak of C=O in the 0% GO sample and COC in the 

chitosan disappeared. This indicates a reaction 
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between carbonyl groups of 0% GO samples and with 

COC groups of GO. 

 

3.3. Contact angle 

In tissue engineering, scaffolds should be preferably 

hydrophilic as the wettability of the scaffold enhances 

cell adherence and attachment [42]. However, the 

PCL component that we used in our hybrid scaffold 

possesses hydrophobic characteristics due to lack of 

hydrophilic entities. It has been reported that the 

water contact angle on a PCL sheet is nearly 120° 

[43,44]. On the other hand, Chitosan is a hydrophilic 

biomaterial with contact angles reported from 81.8° 

[45] to 0° [46]. Hydrophilicity of Chitosan is 

dependent on many factors, such as the degree of  

deacetylation [45]. Here we tested the water contact 

angle on all three scaffolds (Figure 5).  

The results of the contact angle are 66.8°, 66.1°, and 

58.6° for 0%, 2%, and 4% groups, respectively. Small 

values of contact angles indicate that all three 

scaffolds are hydrophilic and thus, suitable for cell 

adherence. Presence of 4% GO in the scaffold 

lowered increased the wettability. This improvement 

could be associated with abundant hydroxyl groups in 

GO which significantly increased the overall 

hydrophilicity of the scaffold [47]. Increased 

wettability in GO-incorporated scaffold was also 

observed in previous studies [43,47].  

Figure 5. Water drop contact angle images of 0% GO (a), 2% 

GO (b), and 4% GO (c) scaffolds. 
 

3.4. Bioactivity 

In bone tissue engineering, hydroxyapatite 

sedimentation is a hallmark that shows bioactivity of 

scaffolds. Here we used FE-SEM to observe and XRD 

to characterize the phase composition of 

hydroxyapatite sediments. Figure 6 shows the 

micrographs taken by FE-SEM. Comparison of the 

results in panels (b) and (c) with the panel (a) of 

Figure 6, reveals a clear increase in the amount of 

sediments in those scaffolds that incorporated GO. To 

verify the composition of sediments, an XRD analysis 

was conducted. Previous studies reported that (0 0 2), 

(2 1 1), (1 1 2), (3 0 0), (2 0 2), (1 3 0), (2 2 2), (2 1 

3), and (0 0 4) are the main (h k l) indices in XRD 

analysis of hydroxyapatite [48]. Here, as shown in 

Figure 7, two sharp peaks are observable at 2ϴ=32° 

and 2ϴ=45°, which correspond to (2 1 1) and (2 2 2) 

planes, respectively.  

Biomineralization is an important feature of bone 

scaffolds as it forms the rigid structure of bones [49]. 

Providing an in-vitro bone mimetic scaffold improves 

osteo-activities such as extracellular mineralization. 

GO improves the mechanical properties of scaffolds 

to resemble natural bone tissue. Thus, increased 

mineralization on 2% GO sample and 4% GO sample 

scaffolds could be linked to the favorable Young’s 

modulus of hybrid scaffold [49]. 

 

3.5. Cell adhesion and proliferation 

Cell-matrix adhesion, with cooperation with other 

pathways, regulate the many cell critical processes 

such as migration, proliferation, differentiation, and 

homeostasis [34]. This parameter is shown in Figure 

8 using FE-SEM imaging. In Figure 8a, adhesion of a 

cell to 0% GO scaffold could be observed. As 

reported in the literature, chitosan has shown good 

adhesion characteristics compared with standard PLL 

coated culture surfaces [50]. However, an increase in 

GO concentration further enhances cell adhesion as 

shown in Figure 8b and 8c, respectively. This could 

be linked to stepwise improvement in hydrophilicity 

by the increment in GO concentration [51,52]. 

Suitability of the scaffolds for proliferation is 

investigated by MTT assay and its results are shown 

in Figure 9. For 0% GO scaffold, neither on Day 1 nor  
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Figure 6. FE-SEM micrographs of mineral sediments on 0% GO 

(a), 2% GO (b), and 4% GO (c) scaffolds. 

 

Figure 7. XRD analysis of hydroxyapatite sediments formed on 

the 4% GO scaffold. 

 

Day 7, measurable improvement in proliferation was  

not detected compared with control groups (p>0.05).  

However, on Day 1, mean OD for 2% GO increased 

by 26.56% from 0.423 (control) to 0.576 (p=0.0018). 

Likewise, on Day 1, the mean OD for 4% GO sample 

also increased to 0.698, showing a 39.39% increase  

 
Figure 8. Adhesion of MG-63 cell line on electrospun scaffolds 

0% GO (a), 2% GO (b), and 4% GO (c) scaffolds. Cell 

membrane protrusion indicated cytoskeletal interactions of cells 

with the scaffold. 

 

compared with the control group (p<0.0001). Results 

of Day 1 also indicated that the addition of GO 

constantly improved the suitability of the substrate for 

cell proliferation. On Day 1, 2% GO scaffold showed 

20.83% improvement compared with 0% GO scaffold 

(p<0.05), while proliferation on 4% GO scaffold was 

17.47 % higher than those on 2% scaffold (p<0.05). 
We extended the proliferation assay to 7 days, and we 

observed a similar trend. Once again, 0% sample 

scaffold showed no significant improvement over the 

control group. However, proliferation on both 2% and 

4% scaffolds increased by 35.92% and 42.65%, 

respectively compared with the control group 

(p<0.0001). Moreover, the presence of GO 

augmented the proliferation rate but no measurable 

difference was observed between 2% and 4% sample 

scaffolds on Day 7. Results of MTT assay is further 

endorsed by qualitative Hoechst staining of MG-63 

cells on the control plate and 0%, 2%, and 4% samples 

scaffolds, respectively (Figure 10). 

Overall, GO could be identified as a favorable factor 

for increasing cell proliferation. Interestingly, this  
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Figure 9. Proliferation of cells on culture dish (control) and GO-

incorporated PCL-CS (0%, 2%, and 4% GO). 
 

 
Figure 10. Fluorescence staining of cell nuclei in living cells 

taken after 24-hours control (a), 0% GO (b) 2% GO (c), and 4% 

GO (d). 

 

observation is not limited to the cell type. GO-

incorporated scaffold improved the proliferation rate 

for mesenchymal stem cells [53,54], neural [55], 

skeletal muscle cells [56], and induced pluripotent 

stem cells (iPSCs) [57]. This phenomenal behavior 

could be associated with extremely suitable 

biocompatibility and protein adsorption of GO, and 

also its hydrophilic nature that improves the overall 

hydrophilicity of the scaffold [51,52]. Moreover, GO 

could improve osteogenic differentiation by  

Figure 11. ALP activity of the MG-63 cell line on Day 1 and 

Day 5 seeded on different substrates. 

 

adsorption of growth factors and local increase of the 

concentration of those factors such as dexamethasone 

due to its intrinsic chemical structure [52,58]. These 

findings suggest GO as an excellent supplement for 

scaffold for tissue engineering applications. 

 

3.6. Alkaline phosphatase activity and alizarin red 

assays 

To grade the scaffolds based on their osteogenic 

differentiation capacity for bone tissue engineering 

purposes, we measured cellular alkaline phosphatase 

activity as shown in Figure 11. On Day 1 and Day 5, 

all scaffolds provided better osteogenic environment 

compared with the control group.  

As discussed in the previous section, GO has the 

capability of protein adsorption, and thus, it gathers 

biomolecules, providing adhered cells with a local 

supply of chemical growth factors. Therefore, we 

expected higher ALP activities in those scaffolds 

which GO is incorporated. This expectation is 

confirmed on both Day 1 and Day 5.  

According to the findings, the control group has 

significantly lower ALP activity in both 1st day and 

5th day compared with the 0% GO, 2% GO, and 4 % 

GO group. Figure 11 shows, 0% GO group in the 1st 

day has significantly (P=0.0183) and (P=0.0026) 

lower ALP activity compared with the 2% and 4% 

GO group; also, in the 5th day 0% GO group has 

significantly  
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Figure 12. Staining of calcium deposits for 0% GO (a), 2% GO, 

(b), and 4% GO (c) using Alizarin Red. The quantified result of 

calcium content on Day 7 and Day 14 are shown in panel (d). 
 

(P=0.0026) and (P<0.0001) lower ALP activity 

compared with the 2% and 4% GO group. There was 

no significant difference between 2% GO and 4% GO 

in both days.  
To endorse the results of ALP activity assay, Alizarin 

Red staining was conducted. In Figure 12, stained 

calcium deposits are shown qualitatively and 

quantitatively. Incorporating GO in the scaffolds 

makes a noticeable difference in the amount of 

calcium content (Figure 12b and 12c) compared with 

0% GO scaffold (Figure 12a). This significant 

improvement is observable on both Day 7 and 14 

(p<0.0001).  

It should be noted that in this study, we used the MG-

63 cell line, a differentiated osteoblast cell line. 

Hence, it is expected that the ALP activity was 

uniform in all cells [59]. As a result, ALP could 

increase both by an increase in cell number and 

improvement in the osteogenic capacity of the 

scaffold. On day 1, the cell number in 4% GO group 

was significantly higher than 2% GO group (p<0.05). 

However, the ALP activity of these two groups is 

similar. The results indicate that GO would improve 

cell proliferation and ALP activity. According to 

figure 12, the concentration of GO is not a critical 

factor in short terms. In contrast, long-term culture of 

MG-63 cell line proved that 4% GO is superior to 2% 

GO-incorporated scaffold in terms of calcium 

deposition (Figure 12d). 

 

4. Conclusion 
The present study aims to the evaluation of GO-

incorporated into the electrospun scaffold. The 

findings suggest the GO have a positive effect on the 

physico-chemical and biological properties. The 

higher level of the GO by 4% could enhance the 

osteogenic properties of the scaffold compared with 

the 2% GO and could be a suitable scaffold. 
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