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1. INTRODUCTION

Nowadays, hydrogels are increasi as
bioinspired 3D scaffolds rative
medicine and tissue engineeringi@wing to their
similarity to some cteristics  of
Extracellular Matrix ng et al., 2015;
Pishavar et al., 202 nith gard, various
types of hydrogels been meticulously
studied for fabrication of the 3D scaffolds such

as alginate ic acid, chitosan, gelatin,
and collagen. Aimong them, alginate (Alg) is of
pasticular ortance due to its low

good cell viability, and cell
entiation, hence commonly used as bio-
inkshin many cases (Axpe & Oyen, 2016).
However, it cannot provide cell attachment, and
its biodegradability rate in the mammalian body
is relatively low. On the contrary, compared to
conventional Alg, oxidized alginate (OA) not
only increases the degradability of Alg inside
the body but also reacts with proteins easily due
to the reaction between the aldehyde groups
formed during the oxidation process and the

free amine groups of proteins (Distler et al.,

2020). One of the major proteins which is
widely used as a biomaterial associated with
OA is gelatin (G). It is a biodegradable
hydrogel with low immunogenicity that can
provide cell adhesion (Sanz-horta et al., 2022).
In this research, OA with different Degrees of
Oxidation (ODs) of 5, 7.5, and 10% was
synthesized. Then, OA-G bio-inks were
prepared and 3D scaffolds were fabricated
through a 3D extrusion-based bioprinting
method.

2. MATERIALS AND METHODS

To synthesize OA with different Dos of 5, 7.5,
and 10%, an aqueous solution of Alg (5%
(w/v)) was mixed with an aqueous solution of
sodium periodate at room temperature in the
dark for 24 h. Then, ethylene glycol was added
to the solution. Next, sodium chloride and
ethanol were applied to precipitate OA. The
precipitated OA was then collected by
centrifuge and dried by freeze drying and stored
at 4 °C (Baniasadi et al., 2016).

al cross-linking agents. In this research,
0%, and its properties before and after the
frared (FTIR), Nuclear Magnetic Resonance
logical study. Then, the bioinks containing 4%
d cross-linked according to a two-step crosslinking
printability and wettability properties. The results
d th ecular weight and rheological characteristics of alginate.
d alginate-gelatin) confirmed that the properties of printability,
s containing oxidized alginate with the OD of 5% were in the
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The OA-G hydrogels were prepared based on
the previously mentioned method (Distler et al.,
2020). Briefly, OA and G solutions were
prepared separately and mixed at 37 °C. Four

compositions of OA-G hydrogels were
prepared with 4% (w/v) OA and 6% (w/v) G, as
observed in Table 1.

Table 1. Compositions of OA-G hydrogels

Samples OD (% wiv) OA (% wiv) G (% wiv)
ODO0-OA4-G6 0 4 6
OD5-0A4-G6 5 4 6
OD7.5-OA4-G6 7.5 4 6
OD10-OA4-G6 10 4 6 &

The 3D bioprinting process was carried out
using a 3D bioprinter machine (Bioprinter N2,
3DPL Co., IRAN). The OA-G scaffolds were
printed through a G18 nozzle (ID: 0.838 mm)
at RT. The printing speed and pressure were
kept constant at 5 mm/s and 0.9 bars,
respectively. Once the printing process was
complete, the samples were crosslinked by
CaCl; (5% w/v) for 30 min.

3. RESULTS AND DISCUSSION

Figure 1illustrates the FTIR spectrums of pure
Alg and OA with different oxidation degrees of
5, 7.5, and 10%. In the spectrum of Alg, some
peaks were observed at 615 cm™and 3448 ¢

1 which were attributed to the hydroxyl groups
(OH) (Rastegar Ramsheh et al.,%

Additionally, two peaks at 160% crrf @ 407
cm? were related to carboxylggre
(Rastegar Ramsheh et al., 2

in the OA spectrum, the oxybpeaks are still
present, and the pea abgut 2927 cm? is
attributed to the G£ in the aldehyde

groups (Khalighi aadatmand, 2021).
However, an alde eak cannot be detected
in the range. 0 -1751 cm? (Reakasame &

. Due to the high reactivity of
the e groups, they react with the
adjéac droxyl groups and consequently
rmghemiacetals (Emami et al., 2018). The
at 883 cm? confirms the formation of
iacetal groups, which becomes sharper as

he percentage of OD increases (Sanz-horta et
al., 2022).

Transmission (%)

(&

3000

Q

gure 1. FTIR spectroscopy specra of Alg (ODO0) and OA (OD5, OD7.5 and OD10)

Figure 2 presents the images of the printed
constructs from OD5-OA-G, OD7.5-OA-G,
and OD10-OA-G bio-inks. The printing
accuracy (%) of the bioinks which contained
OA with low OD (5, 7.5 and 10%) were

measured. As observed in this figure, the OD5-
OA-G bioink exhibited higher printability
(91% =+ 2) than the other two ones. According
to the observations, as the OD of OA increased,
the printability of OA-G bioink decreased.



4. CONCLUSION concluded that the 50D-OA-G bioip

In this study, the OA hydrogels with different great potential in the field ofe3D

oxidation degrees of 5, 7.5, and 10% were technology.

successfully  synthesized, and OA-based

scaffolds were fabricated through a 3D 5. ACKNOWLEDGE
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