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Abstract

Introduction: Among a wide range of natural and synthetic polymers,
gelatin and sodium alginate have received much attention for the
preparation of hydrogels. In addition, 3D printing is of great interest with
the ability to fabricate precise and porous structures for tissue
engineering, as the printing of hydrogels showed many problems due to
the change in rheological behavior.

Methods: In this research, gelatin and sodium alginate hydrogels were
prepared in different percentage compositions. The chemical structure of
the prepared hydrogels was investigated by FTIR tests. Moreover, the
swelling rate and degradation rate of hydrogels were evaluated. The
viscosity of hydrogels was evaluated at different shear rates. Based on
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Findings: The FTIR results showed that the simultaneous presence of
these two polymers in the hydrogel structure causes physical interactions.
The results of the swelling and degradation test indicated that increasing
the amount of gelatin in the hydrogel structure increased water absorption
(up to 215%) and the degradation rate of the hydrogel. Additionally, the
viscosity measurement results showed the pure gelatin and alginate
hydrogels have low shear thinning behavior, while the combination of
these two hydrogels resulted in a series of reversible interactions and
changes in free volume in the hydrogel structure, which caused shear
thinning behavior with 10-fold decrease in the viscosity of the hydrogel.
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Extended Abstract

Introduction

Hydrogels, as three-dimensional hydrophilic
polymer networks, can absorb large amounts of
water without dissolving. Owing to their
similarity to the natural extracellular matrix
(ECM) along with their tunable chemical,
physical, and biological properties, they have
been widely investigated for medical
applications, tissue engineering, drug delivery,
wound healing, and biosensors. Among the
different types of hydrogels, gelatin-based
hydrogels have attracted considerable attention
due to their excellent biocompatibility,
biodegradability, low cost, and availability.
Gelatin is a natural protein obtained from the
partial hydrolysis of collagen, which is the most
abundant natural extracellular component in
animal tissues. Gelatin contains various
functional groups such as amino, carboxyl, and
hydroxy!| groups that can interact with cells and
biological molecules. However, gelatin-based
hydrogels show limitations such as poor
mechanical strength, low thermal stability, and
fast degradation rate. To overcome these
disadvantages, various strategies have been
developed to modify gelatin or combine it with
other polymers to form hybrid hydrogels with
improved properties. One of the most common
polymers used for gelatin hybridization is
sodium alginate, which is a natural
polysaccharide extracted from brown algae.
Alginate is composed of linear chains of -D-
mannuronic acid (M) and a-L-guluronic acid
(G) residues that can form ionic cross-links
with divalent cations, such as calcium. Hybrid
hydrogels based on alginate/gelatin can
combine the advantages of both polymers, such
as the biocompatibility and bioactivity of
gelatin and the cross-linking and easy injection
of alginate.

Three-dimensional (3D) printing, also known
as additive manufacturing, is a technology that
can be used to create complex and customized
structures by placing materials layer by layer
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according to a digital model. Due to its
advantages in accuracy, flexibility and high
efficiency, 3D printing has been widely
considered in various fields such as
engineering, architecture, art and medicine as a
new method in shaping materials. Among the
various 3D printing methods, 3D bioprinting is
a classification that focuses on making
biological structures such as tissues and organs
using bioinks containing living cells and
biological materials. 3D bioprinting has great
potential for the advancement of biomedical
research and applications such as drug
screening, disease modeling, tissue
engineering, and organ transplantation.
However, 3D bioprinting faces many
challenges such as selecting appropriate
bioinks, optimizing printing parameters,
maintaining cell viability and function, and
vascularization and integration of printed
structures. Bio-based inks are key components
of 3D bioprinting, as they control the
printability, mechanical stability, biological
activity, and degradation rate of printed
structures. Among the different types of
bioinks, hydrogels are the most commonly used
due to their high-water content,
biocompatibility, and similarity to the natural
extracellular matrix. One of the most widely
used bioinks for 3D bioprinting is the
alginate/gelatin-based hydrogel. In addition,
alginate/gelatin-based hydrogels can be tuned
by changing the alginate-gelatin ratio to have
different mechanical properties, degradation
rates, and cellular responses.

In this research, gelatin-alginate hydrogels with
different weight percentages were prepared and
characterized in order to introduce a hydrogel
with 3D printing capability and suitable
biodegradability. The reason for choosing
sodium alginate is the possibility of creating
crosslinks in the combined hydrogel, which will
affect the physical, and rheological properties
and degradation of the combined hydrogel
without having a negative effect on the
biological properties of gelatin. Afterward, the

Journal of New Materials. 2024; 14 (54): 59-70



Esmaeely Neisiany et al

porous structure was printed using the 3D
extrusion printing method to prove the
printability of the resulting hydrogels.

Findings and Discussion

The results of the infrared spectroscopy test
showed that the simultaneous presence of these
two polymers in the hydrogel structure caused
physical interactions. The results of the
swelling and degradation test showed that
increasing the amount of gelatin in the hydrogel
structure increased water absorption and the
degradation rate of the hydrogel. Additionally,
the viscosity measurement results showed that
pure gelatin and alginate hydrogels have very
low shear thinning behavior, while the
combination of these two hydrogels caused a
series of reversible interactions and changes in
free volume in the hydrogel structure, which
resulted in shear thinning behavior in the
combined hydrogel. This shear thinning
behavior is significantly required in the printing
process because it reduces the pressure in the
printing process, which in turn causes more
dimensional stability of the hydrogel after
printing and provides the creation of precise
and porous structures.

Conclusion

The hydrogel prepared from the combination of
gelatin and sodium alginate can be used as a
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biological ink in the 3D printing process for
tissue engineering, wound dressing, and drug
delivery applications due to its proper water
absorption, degradation rate, and rheological
behavior.
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