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ABSTRACT

Research Subject: This study aims to improve the biocompatibility, bioactivity, and mechanical properties of gelatin-based composite scaffolds by
coating them with polyethylene glycol (PEG) doped with bioactive glasses (BGs) containing zinc and magnesium.

Research Approach: A response surface methodology (RSM) was used to model and evaluate the effects of two independent variables: the PEG/Gel
weight ratio (X1) and the BG weight percentage (X2). The responses investigated included ultimate strength, Young's modulus, elongation at break,
swelling percentage, erosion percentage, and moisture absorption percentage.

Main Results: Optimal conditions were determined to obtain scaffolds with suitable mechanical strength, biocompatibility and degradability. Analysis
of variance (ANOVA) was used to obtain the best model describing the influence of each independent variable on the responses. The optimal scaffold
formulation was selected based on software-defined parameters. The FTIR spectrum was used to analyze the functional groups present on the surface
of the samples. The FTIR spectrum of the synthesized BGs showed a broad vibrational band in the range of 900 to 1100 cm™, which is attributed to the
asymmetric Si-O-Si stretching band. The FTIR spectrum of the PEG/Gel/BG composite confirmed the presence of BG in the scaffolds and the interaction
between the polymer matrix and BG. Increasing the amount of BG relative to the polymer scaffold led to a decrease in pore size and consequently, a
decrease in the scaffold's swelling percentage. The effect of varying the BG weight percentage on tensile strength was greater than that of the PEG/Gel
weight ratio. The tensile strength increased significantly due to the good interaction between the polymer scaffold and BG, as well as the uniform
dispersion of BG within the polymer matrix. SEM images indicated that cells penetrated well into the scaffolds and formed a suitable three-dimensional
cellular network. Cytotoxicity, cell attachment and proliferation, and osteogenic differentiation were evaluated using the MTT test and by culturing MG-
63 cells on the scaffold. Cell viability showed no significant difference between the tested and control samples.
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Table 2 Levels of responses

Young’s Tensile
Modulus Strength

Moisture | Elongation

Responses Uptake at break

Swelling
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Table 3 Experimental design

Young Tensile Moisture
Uptake
(%)

X1: PEG/Gelatin | X2=Bioglass (weight
(wiw) %)

Swelling
(%)

Elongation

RUN at Break (%0)

Modulus | Strength
(MPa) (MPa)

2 0.3 30 20.71 1.087 39.21 2.7 18.95

4 0.3 30 22.72 1.819 37.25 45 24.56

6 0.3 30 30.85 2.044 32.43 1.5 21.56

8 0.3 58.2843 24.24 2.259 28.97 3.7 21.05

10 0.3 30 32.78 1.215 33.46 3.5 20.56

12 0.5 10 42.49 3.295 41.25 3.2 28.65
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Table 4 Characteristics of response-fit models

Responses Optimal level Predicted model P and F Values
Y1 = Young modulus - . :
(MPa) Maximize Quadratic 0.017 - 5.56
Y2 = Tensile strength - -
(MPa) Maximize Quadratic 0.0149 - 5.83
Y3 = Swelling (%) Maximize 2FI 0.0015 - 12.56
Y4 = Moisture Uptake (%) Maximize Quadratic 0.0124 - 5.89
Y5 = Erosion (%) Minimize Quadratic 0.0248 - 4.365
Y6 = Elong(%}(l);)n of Break Maximize Quadratic 0.00254 - 6.88
g 59008 el Ll 3 B Jguz
Table 5 Optimum composite scaffold conditions
Y4
Y Y2
X1 X2 Youlig’s Tensile Y3 Moisture Y5 Y6 Elongation
PEG/Gel BG M . . Uptake Erosion .
o odulus Strength (1) Swelling o (/) at Break
(wiw) (Weight %0) (MPa) (MPa) ) (%)
0.555 30 59.03 5.488 21.577 3.98 33.224 3.1574

o
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Figure 9 Contact angle images of S1, S2, and S3 scaffolds

Table 6 MTT test results for control sample and scaffolds without BG and with BG
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24 Hours 48 Hours 72 Hours
Control ~ Without BG With BG | Control ~ WithoutBG With BG | Control ~ WithoutBG With BG
0.248 0.265 0.239 | 0.523 0.531 0.509 | 0.793 0.788 0.791
0.312 0.301 0.324 | 0.548 0.592 0.552 | 0.812 0.818 0.819
0.282 0.298 0.299 | 0.583 0.558 0.591 | 0.803 0.812 0.814
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