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Abstract  In the present study, gelatin/chitosan/zinc oxide hydrogels were prepared through solvent casting
method in combination with lyophilization. In addition, the effects of adding 1.5 wt % zinc oxide nanoparticles
on the microstructural and physico-chemical characteristics of genipin-crosslinked scaffolds were evaluated. The
porosity of the newly formed hydrogels increased from about 93 up to 94 % (P < 0.05). Images taken by a
Scanning Electron Microscope (SEM) illustrates the formation of a porous microstructure of distinct
interconnected holes with an average size of 200 microns. Water absorption capacity of nanocomposite
hydrogels at room temperature and 37 °C decreased from 1043 to 988 and 1206 to 1040 %, respectively;
however, a significant increase in their initial swelling rate was observed. Upon adding nanoparticles, the in vitro
degradation of scaffolds occurred faster than usual. According to the findings of this research,
gelatin/chitosan/zinc oxide hydrogels which is characterized by favorable microstructural characteristics (i.e.,
uniform distribution of interconnected pores) and high initial swelling rate can be used as a potential substrate
in the field of tissue engineering.
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1. INTRODUCTION

Hydrogels are among the important components used
in tissue engineering applications and drug release
systems due to their structural similarity with the
extracellular matrix, biodegradability, good stability,
hydrophilicity, high porosity, interconnected pores, high
swelling capacity, and ability to retain abundant water
[1, 2]. Among the natural polymers, gelatin obtained
from acid/alkaline hydrolysis or thermal degradation of
collagen has been widely used in recent years [3]. The
mechanical properties and stability of gelatin scaffolds
can be improved by creating crosslinked networks [4],
combining gelatin with other polymers such as chitosan
[5] and adding inorganic nanoparticles or carbon
reinforcements [6, 7]. Herein, the unique therapeutic
properties of zinc oxide nanoparticles such as
antibacterial, antimicrobial, anti-inflammatory,
antidiabetic, and anticancer properties [8] prompted us
to study the role of zinc oxide nanoparticles in adjusting
the physical and microstructural properties of
gelatin/chitosan hydrogels.

2. MATERIALS AND METHODS

Gelatin powder (G, pig skin, bloom number: 90-130)
was purchased from Merck (Germany). Medium-
molecular weight chitosan (C) with a deacetylation
degree of 75-85 % was purchased from Sigma-Aldrich
(Germany). Genipin (GP) and zinc oxide nanoparticles

(ZnO NPs, 50-100 nm) were obtained from China and
Armina Co. (Tehran, Iran), respectively.

2.1. Fabrication of gelatin/chitosan/zinc oxide
hydrogels

Chitosan and gelatin were first dissolved separately in
1 % acetic acid solution, followed by mixing with the
gelatin to chitosan weight ratio of 3:2. Then, 1.5 wt %
zinc oxide nanoparticles were gradually added to the
polymer solution and mixed for four hours. Followed by
adding genipin (1.5 wt %) and mixing the components
for two more hours at the room temperature, the
hydrogels were cast into a suitable mold and kept in the
air at 24 + 0.5 °C. Finally, the solvent (here, water) was
removed using a freeze dryer (model FD-10, Pishtaz
Equipment Co., Iran). Table 1 lists the samples under
study in this research.

Table 1. Sample codes and the weight percentage of

components
Sample code G:C GP (wt %) | ZnO (wt %)
X-GC 3:2 1.5 0
X-GCZ 3:2 1.5 1.5

2.2. Characterization of hydrogels

The prepared hydrogels were analyzed using FTIR,
SEM, liquid displacement method, and gravimetric
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analysis. All data were reported as the mean + Standard
Deviation (SD) of at least three independent
measurements.

3. RESULTS AND DISCUSSION

FTIR analysis of X-GC and X-GCZ hydrogels (Figure
1) indicated that with the addition of ZnO NPs, the
intensity of N-H bending vibrations decreased
markedly, and a small shift in the position of 1518, 1160,
and 1030 cm! was also noticed. These changes confirm
the formation of physical interactions between gelatin
and/or chitosan and ZnO NPs.
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Figure 1. FTIR patterns of the crosslinked gelatin/chitosan
and gelatin/chitosan/ZnO hydrogels

Upon adding ZnO NPs, the porosity of X-GC
hydrogels substantially increased (Figure 2). In our
hypothesis, Zn*" ions and hydrated ZnO NPs surrounded
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the functional groups of gelatin and chitosan, which
consequently  prevented  the formation of
gelatin/chitosan polyelectrolyte or covalent bonds
among the polymers and genipin.
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Figure 2. A comparison of the porosity of X-GC and X-GCZ
hydrogels (*: P < 0.05)

The SEM micrograph of X-GCZ hydrogels confirms
the formation of a porous microstructure of
interconnected pores mainly in the range of 150-250 pm
(Figure 3). The highest water absorbency of these
hydrogels at 37 °C appeared in a shorter period of time,
compared to the GC scaffolds (10 versus 45 minutes
(Figure 4)), which can be justified by the higher porosity
and lower rigidity of ZnO-containing hydrogels.
Further, the decrease in the swelling ability of X-GCZ
can be attributed to the interaction between the
hydroxyl, carboxyl, and amino functional groups of the
polymers and hydrated metal oxide nanoparticles or zinc
ions, which prevented the formation of the maximum
number of covalent bonds with genipin molecules.
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Figure 3. SEM micrograph and pore size distribution of X-GCZ hydrogels
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Figure 4. A comparison of the water absorption capacity of X-GC and X-GCZ hydrogels at 37 °C in PBS (*: P <0.05)
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4. CONCLUSION

In the present research, gelatin/chitosan/zinc oxide
nanocomposite hydrogels were prepared through the
solvent casting method combined with freeze-drying.
The microstructure and porosity of the prepared
hydrogels indicated the formation of uniform,
interconnected macropores as well as rapid water
absorption capacity. These scaffolds can be potentially
used in the controlled delivery of therapeutic
compounds.
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