Abstract

Background: Gellan gum hydrogel is a natural biopolymer that has gained interest in the
development of wound healing scaffolds for its good biocompatibility, biodegradability and water
retention. However, it was known to have weak mechanical strength and lacks in antibacterial
properties. Therefore, gallium(lll) nitrate, curcumin and quercetin were incorporated into gellan
gum hydrogel to overcome the drawbacks. Gallium(lll) nitrate was added to enhance the structural
stability of the hydrogel; while curcumin and quercetin were added to improve the antibacterial
and antioxidant properties of the hydrogel.

Methods: Gellan gum hydrogels containing different ratios of curcumin and quercetin were
fabricated via ionic gelation with gallium(lll) nitrate as crosslinker, followed by lyophilization.
Physicochemical properties of the samples were characterised using Fourier transform infrared
(FTIR) spectroscopy and scanning electron microscopy (SEM). Gel fraction, encapsulation
efficiency, swelling analysis, degradation analysis, in vitro release analysis, antioxidant activity
(DPPH assay), antibacterial activity, and cytocompatibility analysis were evaluated. Data were
analysed using one-way ANOVA (p < 0.05).

Results: Gel fraction confirmed strong crosslinking in curcumin and quercetin loaded hydrogels,
with values exceeding 85%, while encapsulation efficiency also remained above 85% across all
samples. In swelling analysis, the addition of curcumin and quercetin led to higher swelling index.
Low degradation rate have reflected poor solubility of the compounds, whereas in vitro release
remained low, with higher ratio of curcumin and quercetin showed limited diffusion. Antioxidant
analysis showed moderate radical scavenging ability, with no synergistic effect between the
phytochemicals. Antibacterial analysis demonstrated improved inhibition of Gram-positive

bacteria, while cytocompatibility analysis confirmed all samples were not cytotoxic with cell
viability above 75%.

Conclusion: Incorporation of curcumin and quercetin into gellan gum hydrogels with gallium(lll)
nitrate improved in structural stability, antibacterial properties towards Gram-positive bacteria,
and biocompatibility, thereby supporting the potential use as wound dressings.

Introduction

e Effective wound care is critical for rapid wound healing, prevent infection, and protect the
wound bed (1).

e Hydrogel have been developed to address the limitations of traditional wound dressings by
maintaining moisture, absorbing exudates and reducing infection risk (2). But gellan gum
hydrogel exhibit weak mechanical strength and lack antibacterial activity (3).

e |Incorporating curcumin (antioxidant, antibacterial), quercetin (anti-inflammatory, antioxidant),
and gallium(lll) nitrate (crosslinker, antibacterial) aims to enhance GG hydrogel properties (4-6).

e This study developed a GG hydrogel crosslinked with Ga** and loaded with CUR-QUE to improve
structural, biological, and therapeutic characteristics for advanced wound healing applications.

Research Objectives, Hypotheses

e To prepare gellan gum hydrogels containing curcumin and quercetin via ionic gelation and
lyophilisation.

e To investigate the physicochemical, biological properties and antibacterial activity of gellan
gum hydrogels containing curcumin and quercetin.

e HO: There is no significant difference in the physicochemical, biological properties, and
antibacterial activity of gellan gum hydrogels before and after loading with Curcumin and
Quercetin

e H1: There is significant difference in the physicochemical, biological properties, and
antibacterial activity and biocompatibility of gellan gum hydrogels before and after loading
with Curcumin and Quercetin

Methodology
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Conclusion

e GG hydrogels with CUR and QUE loaded were successfully prepared via ionic gelation and lyophilization.

e This research found that incorporation of gallium(lll) nitrate into gellan gum hydrogel improved structural
stability. The addition of curcumin and quercetin further enhanced the antioxidant and antibacterial
activity, while regulating swelling, degradation and in vitro release properties.

e To conlucde, the research objectives were achieved with alternative hypothesis accepted.
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