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Design and Evaluation of an Injectable Gelatin/Alginate Hydrogel Loaded with
Ciprofloxacin for Vaginal Infection Therapy: A Laboratory Study
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Background and Objectives: Vaginal infections are common among women and are often caused by bacteria such as Escherichia
coli and Staphylococcus aureus. Conventional topical treatments have limitations, including short drug retention time, the need for
frequent administration, and local irritation. This study aimed to design and evaluate a gelatin/alginate injectable hydrogel loaded with
ciprofloxacin to improve the treatment of these infections.

Materials and Methods: In this laboratory study, hydrogels with different concentrations of gelatin and alginate, loaded with
ciprofloxacin, were prepared. Their physical properties, including morphology, swelling ratio, and rheological behavior, were assessed.
Drug release profiles were analyzed, and the antibacterial activity of the optimized hydrogel against E.coli and S.aureus was evaluated
by determining the minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). Data were analyzed
using the Shapiro—Wilk, Brown—Forsythe tests, and one-way analysis of variance (ANOVA).

Results: Comparative analyses showed that the gelatin/alginate injectable hydrogel with a 6:6 weight/volume ratio exhibited a uniform
structure and controlled drug release, with higher biocompatibility compared to other formulations. Antibacterial tests indicated that
the ciprofloxacin-loaded hydrogel effectively inhibited the growth of both tested bacteria and showed similar performance to free
ciprofloxacin, while its cytotoxicity was significantly lower (p=0.0111).

Conclusion: The gelatin/alginate injectable hydrogel formulation can serve as an effective drug delivery system for the topical
treatment of vaginal infections. By prolonging local drug retention, it enhances therapeutic efficacy and can be a suitable alternative to
conventional treatments.

Keywords: Drug delivery, Ciprofloxacin, Injectable hydrogel, Gelatin, Alginate, Vaginal infection
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