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ABSTRACT

characteristics are the major issues of their development in tissue engineering.
A wide variety of physicochemical, mechanical, and morphological properties
of hydrogel scaffolds has provided new opportunities to overcome various challenges
in tissue engineering.
Methods: A series of nanocomposite hydrogels comprised of dextran (Dex) and sol-
gel derived bioactive glass (BG) nanoparticles were prepared as scaffolds for bone
tissue engineering. The swelling behaviour and mechanical strength of the obtained
hydrogel scaffolds by different contents and chain molecular weights of dextran were
evaluated.
Findings: Fourier transforms infrared spectroscopy study provides information
on intermolecular interaction between the dextran chain and the bioactive glass

nanoparticles through influence on hydrogen bond strength. The influence of the

given parameters on the morphology of scaffolds was probed using field emission

l l ypothesis: Design and fabrication of hydrogel scaffolds with the required

SN scanning electron microscopy (FE-SEM). The results of FE-SEM showed that Dex/
bioactive glass, BG scaffolds consisted of a porous 3D microstructure with a pore size range of 102-
nhanocomposite hydrogel, 156 pm. The effects of hydrogen bonding and chain entanglements showed significant

differences in pore morphologies of the prepared hydrogels. According to the obtained

apparent density and equilibrium swelling, the increase in the dextran content showed

tissue engineering that the change in the gel porosity results in reduced free water of the network.
Meanwhile, the amount of equilibrium swelling dropped while the compressive
modulus increased due to the effective interaction between the dextran chains and
bioactive glass nanoparticles. Furthermore, the results obtained by thermogravimetric
analysis indicated an increase in thermal stability of dextran nanocomposites hydrogel,
which could be due to the effective interaction between dextran chains and bioactive
glass nanoparticles.

swelling behaviour,
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Table 1. Formulation of dextran hydrogel (DH) and dextran
nanocomposite hydrogel (DCH).

Molecular Dextran BG®
Sample code weight concentration | concentration
(kDa) (Wt%) (Wt%o)
Dextran hydrogel (DH)
DH40-25 40 25 0
DH40-31.25 40 31.25 0
DH40-37.5 40 375 0
DH70-25 70 25 0
DH70-31.25 70 31.25 0
DH70-37.5 70 37.5 0
Dextran nanocomposite hydrogel (DCH)

DCH40-25 40 25 4
DCH40-31.25 40 31.25 4
DCH40-37.5 40 375 4
DCH70-25 70 25 4
DCH70-31.25 70 31.25 4
DCH70-37.5 70 375 4

* Bioactive glass.
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Fig. 1. FTIR spectra of (a) BG, (b) DH40-37.5 and DCH40-37.5, and (c) XRD pattern of BG and DCH40-37.5.
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Fig. 2. (a) FE-SEM image of BG particles, (b) the histogram of BG particles size distribution, (c) EDX spectra and results of EDX

analysis indicating BG particles elements (Fig. (c), inset), and (d) mapping of Si, P and Ca elements of BG particles.
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purple and yellow colors, respectively, FE-SEM images of
cross section of DH70-31.25, DCH70-31.25, DCH40-37.5,
DCH70-37.5 and DCH70-25 scaffolds, (c) the histogram of
pores size distribution, and (d) schematic chemical structure

of Dex hydrogel.
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Table 2. Pore size range and average of DH and DCH samples

determined based on SEM analysis.

Pore size range | Average pore size
Sample code
(um) (mean+S.D) (um)
DH70-31.25 67-167 102425
DCH40-37.5 69-168 125+17
DCH70-25 91-324 156+7
DCH70-31.25 60-177 123+8
DCH70-37.5 57-189 108+12
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Fig. 5. Equilibrium swelling behavior of hydrogels and nano-

composite hydrogels with different Dex molecular weight

and concentration.
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Table 3. Results of equilibrium swelling obtained for DH and
DCH samples.

Equilibrium swelling ration”, ESR (%)
Sample Hydrogel Nanocomposite

hydrogel

DH40-25 3288+130 1787+180

DH40-31.25 953+88 1180+148
DH40-37.5 448+46 520432

DH70-25 1454+189 1380+267
DH70-31.25 527440 652437
DH70-37.5 445475 453475

* Mean+SD
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Table 4. Results of researches on the effect of dextran

molecular weight on equilibrium swelling.

Molecular weight | ESR
Sample Ref.
of dextran (%)
81,500 1318
Dextran
2,000,000 1146 33
phospholipid
25,000,000 877
Dextran/poly(D,L- 43,000 349 41
lactic acid) 70,000 270
15,000-25,000 2200
Dextran cryogels 150,000 1500 42
450,000-650,000 | 1460
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Fig. 6. (a) Stress—strain curves for swollen DH70-31.25, DCH70-25, DCH70-31.25, DCH70-37.5 and DCH40-37.5 scaffolds, and

(b) compressive modulus for above swollen scaffolds and view of DCH40-37.5 before compressive strength testing (Fig. (b) inset).
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Table 4. Results of thermal analysis obtained for pristine Dex, DH and DCH samples.

Onset temperature of Maximum Final temperature of
Water removal Residual weight at
Sample code thermal degradation temperature of thermal decomposition
temperature (°C) 600°C (Wt%)
(°C) decomposition (°C) (°C)

Dex 136 294 314 335 9.58%
DH70-25 157 260 308 342 27.97%

DH70-37.5 227 287 323 356 33%
DCH40-37.5 245 300 324 363 28.7%
DCH70-25 202 266 286 329 38.9%
DCH70-31.25 193 289 319 352 30.7%
DCH70-37.5 244 297 319 358 31.86%
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