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Abstract: The first step in using polymeric materials for many applications is their crosslinking. The crosslinker used in crosslinking before
application should be kept at an optimum ratio. The use of gellan gum (GG), a polymeric material, as an intra-body biomaterial is also
among these application areas. In this study, the effect of the CaClz ratio, used as GG crosslinker, was investigated on the biomineralization
of GG hydrogel, which was successfully obtained from 2.5% (w/v) solutions. GGo.s, GG1.0, and GGu.5 hydrogels obtained by crosslinking
at 0.5, 1.0, and 1.5% were frozen at —20 °C for 12 h lyophilized at —50 °C at 15Pa for 2 days. FTIR, XRD, SEM, and EDS analyzes of
cross-linked GG samples at different rates were performed before and after the biomineralization experiment, for which they were kept in
a pre-prepared simulated body fluid medium for 7 days. As a result of the analysis, it was observed that the GG1.0 sample, which has a
homogeneous surface morphology, has higher P and Ca content and higher bioactivity than the GGos and GG1.5 samples.
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1 Introduction

Hydrogels have been extensively studied in tissue
engineering and continue to be investigated (Qian at al. 2022).
Hydrogel systems consist of cross-linked polymers that can
swell when placed in an aqueous medium and, thanks to this
swelling feature, are also suitable for drug loading by filling
the place where they are implanted. Hydrogels have an
advantage over other biomaterials because they have porous
structures similar to the extracellular matrix (Akther at al.
2020). In addition, due to their good biocompatibility, they
can also be used as carrier materials for cells or bone growth
to promote growth factors in bone tissue engineering.
Hydrogels attract attention in the field of biomaterials because
of their soft tissue adaptability to many soft tissues and their
ability to reduce the inflammatory response of surrounding
cells and tissues (Bendtsen and Wei, 2015; Tang et al. 2020).
Gellan gum, a structure that can be classified as hydrogel,
attracts increasing attention in the biomedical field thanks to
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its versatility and is recommended for tissue engineering
applications (Costa et al. 2018; Omar et al. 2021).

Chemical crosslinking agents such as aldehydes,
carbodiimides, epoxy and diisocyanates have been widely
used in chemical preparation methods. However, most of
these agents are toxic to humans. EDC and NHS (Hua et al.
2016), which are other generally used cross-linkers, can also
pose a risk of cytotoxicity when used above certain
concentrations. It can be used to adjust the elastic modulus of
GG hydrogels obtained with crosslinking agents to that which
is comparable to that of various human soft tissues such as
cartilage. It is also known that the degradation rate is also
affected by crosslinking (Choi et al. 2016; Maiti et al. 2021;
Ye et al. 2018).

One of the important criteria in biomaterials developed for
use in bone tissue engineering is bioactivity (Xue et al. 2018).
Bioactivity experiments, in which the formation of bone
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structure is examined before in vivo experiments, can be
evaluated with in vitro tests (Kokubo and Takadama, 2006).
For this, the method of immersion in simulated body fluid
(SBF) is generally applied (Bano et al. 2021). Since
polymeric hydrogels have certain limitations in the treatment
of bone defects due to their poor bioactivity (Lin et al. 2021),
these properties of polymeric hydrogels prepared as
biomaterials need to be improved.

Although hydrogels have been widely studied for their
physical and chemical stability, the bioactivities of these
materials need to be improved. In this study, GG hydrogel
samples with different crosslinker ratios were prepared. The
obtained hydrogel samples were subjected to the bioactivity
test. To the best of our knowledge, no study investigating the
effect of cross-linking on bioactivity has been found so far.

2 Materials and Methods

Gellan gum (GG) and calcium chloride (CaCly), were
purchased from Sigma Aldrich. Pure water obtained with
Millipore Milli-Q was used throughout the study.

GG was dissolved in 2.5% (w/v) deionized water under
constant stirring for 15 minutes at 85 °C. To prepare GGos,
GG and GGy s hydrogels, it is prepared by mixing with the
ionic source of CaCl; at 85°C for 15 min, when used at a rate
of 0.5, 1.0 and 1.5%, to be reduced at different rates. The
prepared solutions were cooled to room temperature to obtain
three-dimensional GGos, GG1o and GGys hydrogels. Before
lyophilization, the hydrogels were frozen at —20 °C for 12
hours. Then, hydrogels were lyophilized at —50°C at 15Pa for
2 days (BIOBASE) after being kept in the pre-prepared SBF
(Kokubo and Takadama, 2006) treatment for 7 days in sealed
bottles.

Hydrogel samples were analyzed using FTIR (Spectrum Two
Perkin-Elmer Co.) by scanning at 4 cm™ resolution in the
wavelength range of 4000 cm™*-400 cm™. Morphological
studies were observed using scanning electron microscopy
(SEM, JEOL, JMS 6060). The hydrogels, which were
previously lyophilized and cut into suitable pieces, were fixed
on conductive carbon bands and then covered with a thin layer
of gold to ensure conductivity (Polaron CS7620). The
elemental distribution in the hydrogels obtained by energy
dispersive X-ray spectroscopy (EDS) analysis was analyzed.
For the phase characterization of the synthesized hydrogels,
analysis was carried out between 5° and 90° using Cu Ka
radiation (A= 0.15406 nm) operating at 40 kV, 30 mA and X-
ray diffractometry (XRD, D/Max 2200 LV).

3 Results and Discussion

SEM images of the hydrogel samples incubated for 7 d in SBF
are shown in Fig. 1. It was observed that the apatite phase
nucleated in the GGis sample was larger and less
homogeneous compared to the other samples. In the GGos
and GGy samples, a biomineralization process was observed
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in which homogeneity was preserved. Here, it is predicted
that GG chains, which are more compact with the crosslinker
effect, are less suitable for apatite nucleation compared to
those with less crosslinker ratio. For this reason, it is thought
that increasing the crosslinker ratio after a certain rate will
affect the homogeneity of the natural bone to be formed in the
body.

Elemental composition of GGgs, GG19, and OGG1 5 samples
after incubation in SBF was analysed using EDS as shown in
Table 1. The amounts of Ca and P elements resulting from
CaP formation differ in hydrogel samples obtained by using
different crosslinkers. Compared to the GG; hydrogel, a
higher CaP accumulation was observed on the surfaces of the
GG1o and GGys hydrogel samples. Considering the SEM
analyzes, due to the homogeneity on the GG 5 surface and the
low formation on the GGy surface, the subsequent analyzes
continued on GGio, Which was chosen as the optimum
sample. GG1o samples before and after immersion in SBF
were named as "after GG" and "before GG" in the
continuation of the study.

The phase composition was also confirmed by the FTIR. The
FTIR spectra of before GG and after GG hydrogels are shown
in Fig. 2. For the FTIR spectrum of before GG, the broad band
at 3500-3000 cm* was contributed to stretching vibration of
OH~ groups, the characteristic peak at 2925 cm™ was
attributed to the stretching vibration of C—H. groups, the
characteristic peaks at 1611 and 1415 cm™ were ascribed to
the asymmetric and symmetric stretching vibration of
carboxyl groups existed in the salt form, and 1032 cm™ was
attributed to the CO- stretching. It has been observed that the
results are compatible with the literature (Mohd et al. 2020).
Analysis of FTIR spectra of the sample incubated for 7 d in
SBF confirms the presence of mineral deposits. Bands
indicative for symmetric v1 and asymmetric stretching of the
phosphate group in the regions 900-1150 cm?, and
asymmetric bending of the PO3~ group in the region 500-650
cm, were observed in after GG hydrogel sample. These
peaks, which indicate biomineralization, were similarly
observed in previous studies (Aneta et al. 2020; Huijie et al.
2020). This further demonstrated the analytical result of
XRD.

Fig. 3 displays the X-ray diffraction pattern of after GG and
before GG. GG showed a broad peak at approximately 20 =
20°, indicated their amorphous nature with lower
crystallinity. On comparing the XRD spectra of before GG
and after GG, The diffractogram of before GG is typical of
amorphous materials with no sharp peaks while diffractogram
of after GG shows the sharp crystalline peaks (due to the
nucleation of bioapatite) as shown by the presence of peaks at
values of 26°, 32°, 33°, 34°, 40°, 46.5° and 49.5° 20, which
correspond to the (002), (211), (300), (202), (310), (222) and
(213) planes of bioapatite, respectively. Similar results for the
same phase are also available in the literature (Hossein et al.
2022).



Bull Biotechnol (2021) 2(2):27-31

3 g

"v‘.

-,
- s e

AR Y
o
) .\,
e ¥

Figure 1. SEM images of (al, a2) GGos, (b1, b2) GG10 and (c1, c2) GGy hydrogels.

Table 1. EDS determination of elemental C, O, P, and Ca atomic percentages in lyophilized hydrogels containing different
cross linker ratio.

Hydrogel Cc O P Ca Ca/P
At. (%)

GGos 39.56 53.67 2.51 4.26 1.697

GGuo 39.07 51.79 3.41 5.73 1.680

GGis 39.01 52.27 3.25 5.47 1.683
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Figure 2. FTIR spectra of before GG and after GG hydrogel
samples.
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Figure 3. XRD pattern of the (a) before GG, and (b) after GG
hydrogels.

4 Conclusion

In this study, hydrogel samples containing different ratios of
crosslinker were prepared. In order to examine the
bioactivation of the prepared hydrogels, they were kept in
SBF for 7 days. Then, drying the hydrogels by lyophilization,
the effects of crosslinker on activation were investigated. As
a result of these examinations, it was observed that the
crosslinker ratio of GG hydrogel affected the bioactivation. It
has been found that the crosslinker ratios of GG based
hydrogels, which can be used as biomaterials, should be
determined before in-vivo studies, and this may contribute
significantly to bioactivation and thus to bone formation.
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