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Abstract: The development of biomaterial as substitution to connective tissue graft for treating gingival
recession is growing nowadays. Hydrogels received attention as potential scaffold to be used in gingival tissue
engineering since their capability to mimic soft tissue characteristic as they can hold amount of water. Gelatin
is a natural polymer that widely used in hydrogel preparation with good biological properties, but it has poor
physical stability for the used as scaffold. Chemical crosslinking strategy using EDC/NHS was performed in
this study to overcome its limitation. One uncrosslinked gelatin and two crosslinked gelatin hydrogels different
concentration of EDC/NHS were prepared in this study. This study investigated the difference of physical
characterization from the prepared gelatin hydrogels. Our findings suggest the crosslinking strategy using
EDC/NHS increase physical properties of the gelatin hydrogels without interfering the chemical structure of
the gelatin. The higher crosslinker concentration will result in better morphology and more resilient to
biodegradation. As a result, the crosslinked gelatin hydrogel with gelatin:EDC:NHS mass ratio of 12:1:1 met
the physical characteristic for future use as scaffold for gingival tissue regeneration.

Keywords: gelatin hydrogel; gingival tissue regeneration; physical characteristic

1. Introduction

Gingival is soft tissue, which is part of periodontal tissue that covers the alveolar bone of
mandibular and maxillary bones.! Since the 1990s, biomaterial scaffolds such as acellular dermal
matrix, collagen matrix, and enamel matrix derivative have been introduced as autogenous graft
substitutions for gingival augmentation.?? Until today, the development of biomaterial scaffolds as
autogenous grafts substituted for gingival augmentation has been increasing.* Scaffolds are three-
dimensional porous solid structure biomaterials that are synthesized to promote interaction between
cells and biomaterials.>¢ Tissue regeneration using scaffold strategies provokes physical and
biological support until new tissue formation occurs through cell proliferation, differentiation, and
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attachment processes.” Biomaterial scaffolds for gingival regeneration should meet certain criteria,
such as biocompatible, good adaptation and manipulation, space maintenance, clot stabilization,
tissue integration, and promoting cell proliferation.* The limitation of available biomaterial scaffolds
is their stiffness, which may lead to poor adaptation on the root surface.®

One of the most promising scaffolds is hydrogel. It is a hydrophilic polymer that is crosslinked
through covalent bonds or held together due to physical intramolecular and intermolecular attraction
by physical or chemical methods.%!® Hydrogels receive attention in tissue engineering because they
have the capability to hold large amounts of water and have structural similarities to some human
soft tissues.!12 Hydrogels can be designed as scaffolds for soft regeneration because they are highly
hydrated and can mimic native soft tissue. The hydrophilic networks of the hydrogels allow nutrients
and oxygen to diffuse, therefore promoting cell growth.!13 The shape adaptability characteristic of
hydrogels is suitable for a minimally invasive approach in oral tissue engineering.! The elasticity and
soft nature of hydrogels will minimize irritation to the surrounding tissues.!*

Natural polymers such as gelatin, collagen, hyaluronic acid, chitosan, and alginate are widely
used for hydrogel fabrication due to their good biological properties.’> Despite collagen being known
as the most abundant protein in the extracellular matrix (ECM), its helical structure and amino acid
sequences appeared to initiate an antigenic and immunogenic response in vivo. Gelatin is a natural
polymers obtained from the denaturation and hydrolysis of collagen, resulting in a lack of both
tyrosine and tryptophan and very low levels of phenylalanine.'*'8 Therefore, the potential of the
antigenic response in vivo might be reduced since gelatin less has a smaller chance to form aromatic
radicals.” As a denaturation product of collagen, the gelatin structure consist of Gly-X-Y sequences
(mainly proline and hydroxyproline) and arginine-glutamine aspartic acid (RGD) sequences, which
play a role in integrin-mediated cell adhesion, as well as the target sequences of matrix
metalloproteinase (MMP), which are suitable for remodelling the cells.??2 There are two types of
gelatin based on its extraction method: type A (acid-based), which is mainly obtained from pigs,
poultry, and fish; and type B (alkaline-based), which is sourced from bovine.???* The physical
characteristics of the gelatin allow the scaffold to form with good flexibility to fit deficient formations
for the use in periodontal regeneration.?

Physical properties such as biodegradation rate, mechanical, and rheological properties can of
the hydrogel can be modified by the crosslinking method to give hydrogels a solid structure through
intermolecular bonds.26?” Many crosslinking strategies can be performed in the preparation of gelatin
hydrogels, such as physical methods through UV irradiation or dehydrothermal treatment and
chemical methods such as glutaraldehyde, carbodiimide, genipin, and transglutamines.?
Glutaraldehyde is commonly used as a crosslinking agent to obtain a stable physical structure for the
hydrogels.262? On the other hand, the cross-linking process of gelatin using methacryloyl produces
GelMA (gelatin methacryloyl) hydrogel, which showed higher cytotoxicity compared to collagen
hydrogel when oral mucosal fibroblast cells were encapsulated in it.””

Cross-linking strategies using carbodiimides such as 1-ethyl-3-(3-dimethylaminopropyl)-
carbodiimide (EDC) exhibit a good biological response because they are water-soluble zero-length
crosslinkers.303! Unlike other crosslinker agents such as glutaraldehyde, EDC allows the formation of
stable covalent bonds without becoming part of the crosslinked gelatin network, which can avoid the
cytotoxic effect.26 EDC can be used for coupling polymers containing carboxyl groups and amines.32%
N-hydroxysuccinimide (NHS) is a stabilizer reagent to enhance cross-linking efficiency with EDC.3
The crosslinking process of gelatin with EDC/NHS showed improvements in the rigidity, mechanical
strength, and thermal stability of the hydrogels.?2

Mimicking the physical properties of scaffolds with native tissue architecture at a macroscopic
level is important for scaffold implantation and stimulating tissue regeneration.” Once the physical
properties of scaffolds are not matched with the tissue, the healing phase can result in poor
functionality of the regenerated tissue and tissue loss.?> The aim of this study was to explore the
potency of crosslinked gelatin hydrogels as scaffolds for gingival regeneration by investigating their
architecture and physical characteristics.
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2. Materials and Methods

2.1. Materials

Gelatin type B powder from bovine skin was purchased from Sigma Aldrich (USA). N-ethyl-N’-
(3-dimethylaminopropyl)carbodiimide liquid (EDC; Mw: 155.24; Sigma Aldrich), N-
hydroxysuccinimide powder (NHS; Mw: 115.09; Sigma Aldrich), and phosphate buffer saline
(pH=7.4) from Sigma Aldrich. Distilled water and 95% ethanol were used throughout.

2.2. Preparation of gelatin hydrogels

Gelatin hydrogel was prepared by dissolving gelatin powder in distilled water at a concentration
of 5% w/v in a stirrer at 40 °C until it reached a homogenous solution. To the gelatin solution, EDC
and NHS were added drop by drop with a mass ratio of EDC:NHS:Gel = 1:1:12 (GelCL12) and 1:1:24
(GelCL24). The crosslinking process was performed by stirring the mixture in a magnetic stirrer at 4
OC until it was completely mixed. Uncrosslinked gelatin (GelUCL) was used as a control.

All the solution was then poured into tubes for 24 hours at 4 °C, resulting in the formation of
hydrogel. To remove the residue of EDC/NHS, the hydrogel went through a triple-rinsing process
using distilled water. Two-step freezing was conducted at -20 °C for 7 hours, subsequently followed
by -80 ©C for 24 hours. Frozen hydrogels were then transferred to a freeze-dryer (Gyrozen Hypercool)
at-110 OC for 24 hours to get the lyophilized hydrogels.

2.3. Morphology and chemical analysis

The morphology and microstructure of the hydrogels were observed using a scanning electron
microscope (SEM) (FEI Inspect F50, USA). Lyophilized hydrogel samples were cut and coated with
gold for 10 seconds to provide a conductive surface for electrons prior to SEM. The cross-section of
hydrogels was observed at x1000 magnification. Pores size, pores interconnectivity, and number of
pores were analyzed using Image]. The liquid displacement method was used to calculate the
porosity of the hydrogels.

The presence of typical gelatin and chemical bonds in uncrosslinked and crosslinked gelatin
hydrogels was analyzed using fourier transform infrared spectroscopy (FTIR) spectra (Perken Elmer
spectrometer). The lyophilized hydrogel samples were grinded then placed in a holder in the path of
infrared sources. The spectra of all samples were recorded in the wavenumber range 4000-400 cm-1.

A DHR 1 rheometer (TA Instruments) with smart swap geometry was used for measuring the
rheological properties of the hydrogels. Sample was placed on the plate for gap positioning,
immobilized, and trimmed. Oscillatory mode at 37 °C was selected for rheological tests. We used
amplitude and oscillatory sweep data from the linear viscoelastic area (y =0.1-1000, w=10Hz) and
(w=0.01-100 Hz, y=100) respectively. Storage modulus (G') and loss modulus (G") used to evaluate
viscosity were calculated from the linear viscoelastic region (LVR).

2.4. Swelling properties

Initially, lyophilized hydrogel samples were cut at 0,125 ml and weighed (Wo). Subsequently,
the samples were soaked in a solution of 5 mL of PBS at a physiological temperature. The samples
were taken out from PBS and rinsed with distilled water at pre-determined time intervals (1, 10, 30,
60, 120, and 240 minutes), blotted with filtration paper until no drop was left from the samples, and
weighted as WI.

The swelling ratio (SR) was calculated using the following equation:

(SR; %) = “° x 100%

2.5. Biodegradation rate

Lyophilized hydrogels were cut into pieces until reach similar weight and weighted using
analytical balance (Wo). The measurement of in-vitro biodegradation behavior was measured by

doi:10.20944/preprints202401.1755.v1
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immersing the lyophilized hydrogels in plastic pot contained 5 mL PBS at 37°C. The precipitates were

carefully extracted and rinsed with deionized water at specified time intervals of 1, 2, 7, and 14 days.

The final weight was subsequently determined as Wt. PBS solution was replaced every three days.
The biodegradation ratio (BR) was calculated using the following equation:

(BR; %) = - % 100

2.6. Statistical analyses

Each test was performed in triplicate. All data had parametric distribution and have been
reported as mean * standard deviation (SD). Statistical analysis was calculated using ANOVA Tukey
post-hoc test for multiple comparisons using SPSS 26.0. The p value < 0.05 was considered as
statistically significant for all comparisons.

3. Results and Discussion

3.1. Preparation of gelatin hydrogels

To make a gelatin hydrogel, we dissolved and stirred gelatin powder in hot water. Gelatin is
insoluble in hot water with temperature above 30 °C.36 In attempt to increase mechanical stability and
solubility of the gelatin hydrogels, we used EDC/NHS for the crosslinking strategy. As shown in
Figure 1, the addition of EDC/NHS into gelatin result in formation of short-range amide bonds
between gelatin molecules. EDC activation form active O-urea which reacts with amino groups
creating amide link and releasing isourea which can easily hydrolized. NHS was used to overcome
this limitation, to form a more stable intermediate prior to amination.?”? Carbodiimide activates
carboxylic acid residues EDC/NHS can link amino and carboxylic acid groups located within 1 nm
from one another.® Previously, Goodarzi et al. prepared a stable gelatin-EDC/NHS hydrogels with
mass ratio of Gel:EDC:NHS = 12:1:1.%0 The gelatin hydrogels underwent freeze-drying to induce
porosity inside the hydrogel structure. The intention of this approach is to put the hydrogel to the
circumstances of extreme cold and high pressure in order to facilitate the separation of water.
Subsequently, the frozen water will melt through sublimation, resulting in the formation of a
void/pore within the hydrogel structure.*! Prior to the freeze-drying method, it is essential that the
gelatin hydrogel is subjected to a frozen state. It has been established that freezing the hydrogel at
temperatures of -20° and -80°C creates a high degree of porosity within the hydrogel structure.
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Figure 1. Mechanism of crosslinking reaction between gelatin and EDC/NHS.

3.2. Morphology

The crosslinked bond influences mechanical properties, swelling ability, and nutritional
diffusion across the gel structure. Microarchitectural analysis, including pore diameter and
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interconnectivity is presented in Figure 2. The pores observed in the crosslinked gelatin hydrogel are
large with clear interconnectivity, while uncrosslinked gelatin exhibits irregular and non-
homogeneous shapes with thin and narrow interconnectivity. There is still an ongoing debate
regarding the ideal pore diameter for regenerative therapy. Previous studies reported that a pore
diameter of 100-135 pum is ideal for facilitating cell attachment.® In this study, we found that GelCL12
showed biggest pore diameter (83,18-96,58 um), whereas GelCL24 showed smallest diameter (18,73-
31,64 pm). A pore diameter that is too small will cause cells to have difficulty migrating to the center
of the of the pore, thus hampering the diffusion process of nutrients needed by cells to survive. A
pore diameter that is too large will cause a decrease in the surface area required for cell adhesion.*
The diffusion process of metabolites, oxygen, and growth factors will pass through the scaffold
material so that the open tissue structure will facilitate cell survival and proliferation. The porous
structure functions to encourage host cell infiltration and increase vascularization which provides
nutrition to developing tissue.® Fibroblasts, which are the cells that contribute most to the formation
of periodontal connective tissue, were reported to proliferate optimally at a pore diameter of 50-160
um.! Interconnectivity is defined as the mean of the distance between adjacent pores. This facilitates
the loading of cells into the scaffold while the inside of the pore wall acts as a vessel for cell attachment
and also exchange of nutrient and waste.*4 Our study found that GelCL24 and GelCL12 exhibits a
significantly higher range of 6,12-12,22 pum and 5,57-12,31 um. GelUCL had narrower
interconnectivity with range from 1,9-2,33 pm.

Figure 2. Morphology of lyophilized hydrogels, (A) GelCL12, (B) GelUCL, (C) GelCL24.
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Figure 3. Porosity of the as-prepared hydrogels. Data is presented the mean + SD of triplicate
experiments; * and ** p <0,05.

Scaffold containing a high porosity degree (90%) enables better penetration for cells and
nutrients; however, as the porosity increases, it will decrease the mechanical strength of the
scaffold.*'#¢ Eventually, it is pertinent to find an ideal balance between porosity and the strength of
the hydrogel. Materials with high porosity and open pore structure have demonstrated promising
potential for the facilitation of host tissue repair and regeneration.*’ The gelatin hydrogels underwent
freeze-drying to induce porosity inside the hydrogel structure. The intention of this approach is to
put the hydrogel to the circumstances of extreme cold and high pressure in order to facilitate the
separation of water. Subsequently, the frozen water will melt through sublimation, resulting in the
formation of a void orpore within the hydrogel structure.! Prior to the freeze-drying method, it is
essential that the gelatin hydrogel be in a frozen state. It has been established that freezing the
hydrogel at temperatures of -20 °C and -80 °C creates a high degree of porosity within the hydrogel
structure.*?

Ideally, a scaffold with a porosity ranging from 60% to 90% would be more appropriate for tissue
engineering needs. As the level of porosity in the scaffold escalates, a greater amount of empty space
is created within the biomaterial, hence potentially compromising its mechanical strength.#! The
porosity of GelUCL was measured to be 92.97% +2.65%. In comparison, the porosity of GelCL24 and
GelCL12 was 97.24% =+ 0.47% and 89.52% + 2.19%, respectively. There was a statistically significant
difference between GelCL24 and GelCL12 (p < 0.05). The data may describe that by utilizing the
correct amount of the crosslinker, it is possible to attain a scaffold that maintains a somewhat porous
structure while minimizing the possibility of damage to its mechanical strength. As a result, GelCL12
was identified as having the porosity closest to the ideal limits.

3.3. Chemical analysis

To investigate the influence of the crosslinking agent on the structure of gelatin hydrogels, FTIR
analysis was conducted. FTIR spectra in Figure 4. indicate that there are similar peptide bond
characteristics between the three groups of gelatin hydrogels. The first peak was observed around
3287.00 cm™, confirming the O-H and N-H bonds. The second peak was observed at 2923.77-2926.20
cm!, confirming the -CHs bond. In all of the spectra observed, Amide I (1600-1700 cm™) and Amide
II (1500-1590 cm™) were found. This indicates that the structure of the formed crosslinked gelatin
hydrogels has not undergone any notable changes due to the crosslinking agents despite the
concentration differences. This finding confirms a study by Hoon Lee et al. which reported the same
results.®® EDC/NHS classified as zero-length crosslinker where its addition will not change the main
structure of the gelatin hydrogel.®> The FTIR analysis provides a quantitative indicator of the
influence of EDC/NHS crosslinking on gelatin hydrogel when compared to the uncrosslinked group.
It can be concluded that, despite differences in the crosslinking process, the main chemical structure
of the gelatin hydrogel remains similar, with hydrogen bonds and key peptide groups playing a
central role in its properties. The interpretation of this FTIR spectrum serves not only as an analytical
tool but also as a research instrument to comprehend the structural characteristics of both types of
gelatin hydrogel, which can have significant implications in gingival tissue regeneration applications.
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Figure 4. FT-IR spectra of prepared gelatin hydrogels.

3.4. Rheological properties

The frequency sweep and strain sweeps were used as rheology measurements for this study and
are considered critical to the full characterization of viscoelastic material. LVR viscosity analysis was
carried out to analyze the relationship between oscillation strain and hydrogel shape which is
influenced by storage modulus (G') and loss modulus (G").36 The graph on Figure 5 shows that the
loss modulus of the GelCL12 and GelCL24 were below the storage modulus curve, which means that
the crosslinked gelatin hydrogel is in a viscoelastic form when a strain of 10 -102 is applied. Sample
deformation was seen at 10% critical strain, marking a non-linear line. A rapid increase in loss
modulus occurred after the critical strain which marked a change in the properties of the crosslinked
gelatin hydrogel. The sample increasingly resembles a fluid-like material and its ability to store
energy elastically decreases. In this experimental study, it was found that the GelUCL experienced
shape degradation when heated to a temperature of 37 °C even before the expected rheological tests
were carried out. This shows consistent results with previous research and proves that crosslinked
gelatin hydrogel with EDC-NHS has superior thermal stability and structural strength when
compared with GelUCL.#

Oscillation Amplitude Oscilaton Ampncue

Oscillation strain ¢ (%)

Oscillation Frequency

Angular requency w (rad's)

Figure 5. Rheological properties of gelatin hydrogels. Linear viscoelastic region of GelCL12 (A)
GelCL24 (B); frequency sweep test of GelCL12 (C) GelCL24 (D).

In the LVR and Oscillation Frequency test results (Figure 5 A and B) the crosslinked gelatin
hydrogel consistently exhibited lower loss modulus (G") values compared to the storage modulus
(G'), indicating superior elastic energy absorption or storage over viscosity. A critical strain point was
identified at a 10% strain, initiating deformations with a decrease in storage modulus. This critical
strain determination is crucial, as data beyond it does not reflect equilibrium conditions. In the LVR
test, the loss modulus reached a linear stage post 5% strain, possibly due to low strain settings causing
initial data overlap. Further structural characterization involved a frequency sweep test, revealing
constant storage modulus (G') in Figure 5 A&B, which confirmed the characteristics of structured
materials. The loss modulus decreased in the 0.1-0.5 rad/s frequency range, suggesting a fluid-like
property of the crosslinked gelatin hydrogel. We found that an unstable trend in the loss modulus,
possibly linked to factors such as gelatin concentration, temperature sensitivity, and changes in shear
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stress rates. Ensuring consistent sample preparation and calibrating the rheometer machine are
crucial to controlling experimental conditions, optimizing reliability, and ensuring reproducibility in
rheological analysis.

Hydrogel is a potential biomaterial because of its similarity to the extracellular matrix, which
plays an important role in the function of cell development and homeostasis. Hydrogels have unique
viscoelastic characteristics and a very low modulus when compared to solid materials. Analysis of
the mechanical and rheological properties of hydrogels is necessary to understand cell
mechanotransduction.” The frequency sweep test is carried out by changing the given frequency
progressively while keeping the amplitude constant, while the strain sweep test provides a fixed
frequency but a progressive strain range. The gelation process of gelatin is the result of
conformational changes (coil-to-helix transition) and the aggregation of protein chains.’? The new
chemical structure created during solution cooling is stabilized by hydrogen bonds. Hydrogen bonds
that are easily broken when heated cause gelatin hydrogel to be thermally reversible and have poor
mechanical properties.

3.5. Swelling Properties

Hydrogels hydration makes will result in relaxation of the polymer chain and the hydrogels will
be expanded due to osmotic forces.2 Swelling ratio is frequently used as a parameter to show the
scaffold's reaction to its surrounding environment.” The appearance of swelling can be associated to
the formation of hydrogen bonds between the free -OH groups and the molecules that exist in the
aqueous solution. These hydrogen bonds facilitate the hydrogel gelatin in retaining water within its
structure, ultimately resulting in the apparent swelling.5* Figure 6 displays the swelling ratio of all
samples. Almost all the swelling ratios revealed significant differences across all groups (p<0.05), with
the exception of the 1-minute and 10-minute immersion in PBS. GelUCL hydrogel had the highest
swelling ratio during the first minute (578.03+7.71), followed by Gel CL24 with 456.45% + 92.49%, and
Gel CL12 was the lowest with 436.86% * 21.82%. However, Ge UCL has no longer held its shape for
30 minutes or more, so the measurement of its swelling ratio was unfeasible. Overall, Gel CL12 had
a lower swelling ratio compared to Gel CL24 (p<0,05), as a result of the more rigid network with the
increased amount of crosslinker.

Swelling Ratio
Gelatin Hydrogel
800
600 - *
P — * . * -
&\.. & T
° | ? *
F 400 e GelUCL
°E‘, = GelCL24
£ 200 4 GelCL12
i
0 . TS TS
T T T L} T
1 min 10 min 30 min 60 min 120 min
Time

Figure 6. Swelling kinetic curve of GelUCL, GelCL12, and GelCL24.

Previous studies have shown that hydrogel exhibits a high swelling rate. Scaffolds with a high
degree of swelling, more than 150%, have been found to possess advantageous properties for the
purpose of tissue regeneration and as drug delivery agents.?> Careful control of the rate of swelling
is necessary to avoid compromising the mechanical strength of hydrogel. %% The presence of
crosslinker agents in hydrogel gelatin leads to a reduction in the swelling ratio, resulting in enhanced
stability and rigidity of the material.?® As the amount of crosslinker agents went up, the amount of
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amino and carboxyl group hydrogel gelatin went down; hence, the ratio of swelling went down as
well.? More than that, upon exposure to an aqueous solution, hydrogel gelatin also experiences a
transformation in consistency that resembles the structure of rubber. This alteration leads to a
reduction in interfacial tension with other biological fluids, thereby mimicking the characteristics of
living tissue.®

3.6. Biodegradation Rate

Biodegradation capability of the hydrogels was done as a simulation when scaffolds were
implanted in-vivo. Figure 7 describes the hydrolytic degradation by soaking the hydrogel in PBS
under physiological temperature.®! Following the first day of immersion in the PBS, Gel UCL exhibits
a preservation rate of less than 20% of the original dry weight, while Gel CL 24 and Gel CL12% have
a preservation rate over 50% of their original dry weights. Those scores are statistically significant
difference with a p value < 0,05. On the 7% day, the precipitate of Gel UCL had almost gone with
97.41%+1.48%. By the 14" day, the precipitate had completely vanished without leaving any
detectable residue. However, samples with EDC/NHS, exhibit uncompleted degradation even after
a duration of 14 days. The degradation rate for Gel CL24 and Gel CL12 was 94.00%+2.80% and 92.43%
+0.43%, with no significant difference (p>0,05). This phenomenon suggests that the presence of
EDC/NHS may enhance the stability of the hydrogel.

Biodegradation Rate
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Figure 7. Biodegradation performance of GelUCL, GelCL12, and GelCL24.

The degradation of the scaffold should, ideally, be synchronised with the formation of the
targeted new tissue.”” In gingival regeneration, a duration of 14 days is considered sufficient for
facilitating the development of new tissue, infiltration, and proliferation of cells.?'62 Moreover, the
rate of degradation cannot be too slow, as it might cause infection of the surrounding tissue and leads
to nutrient and oxygen deficiencies in the growing tissue.*-%* From the result, we found that GelCL12
had slower biodegradation followed by GelCL24 and GelUCL. It might be concluded that higher
crosslinker concentration resulted in more stable hydrogels during degradation process. This
phenomenon might happens because of the loose structure of gelatin-based hydrogel, which
facilitates the rapid infiltration of water molecules into its internal structure. As a consequence, both
the internal and external bonds of the hydrogel are obstructed at the same time, leading to quick
breakdown of the scaffold by bulk erosion.®* In GelCL24 and GelCL12, the possible scenario was that
both of them underwent surface erosion on their initial day of immersion in PBS. Surface erosion
occurs due to the minimal access of water molecules into the scaffold's internal structure, resulting in
the initial breakage of surface bonds followed by subsequent breakage of inner bonds. The rate of
surface erosion is influenced by the degree of crosslinking; a higher crosslinking density restricts the
infiltration of water molecules into the internal framework of the scaffold, resulting in a slower
degradation process.® This could potentially describe the slower rate of degradation observed in
GelCL12 when compared to other groups.
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4. Conclusion

The aim of this study was to investigate the effect of EDC/NHS concentration to physical and
chemical characteristic in gelatin hydrogels as a potential scaffold for gingival tissue regeneration.
The crosslinking strategy using EDC/NHS appeared to improve the physical stability of hydrogels
without compromising its chemical structure. Moreover, by employing the correct amount of
crosslinker ratio, it becomes possible to achieve the optimal balance between the desired
characteristics and mechanical strength. This study found that GelCL12 which has higher crosslinker
degree had superior result compared to GelCL24 and GelUCL. For future investigation, it is
important to analyzed the biological characteristic of the hydrogels whether in vitro or in vivo.
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