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Abstract: Background and objectives: Inflammatory bowel disease is a chronic condition with no cure.
However, there are a range of treatment options. Pharmacological approaches are usually the first
step in treatment, and they are effective for many patients; however, for some, side effects are evident,
and effectiveness can reduce overtime. Research on advanced delivery systems, new drugs and
the therapeutic benefits of nutraceuticals such as curcumin have been previously investigated with
promising results for IBD treatment, although they present their own unique challenges including
poor bioavailability. The poor bioavailability of hydrophobic agents including curcumin is partly
attributed to poor solubility and inadequate concentrations at target tissues. Therefore, the aim
of the present work was to develop a novel pH-sensitive drug and nutraceutical delivery system
featuring microspheres embedded in a hydrogel. Methods: Polylactic acid–polyethylene glycol
microspheres loaded with dexamethasone (0.8 wt%) and curcumin (0.8 wt%) were synthesised
using an emulsion solvent evaporation method. pH-sensitive polyethylene glycol dimethacrylate-
co-acrylic acid hydrogels (46.6% and 33.3%, respectively) were synthesised with water (20%) by
UV-photopolymerisation. The dexamethasone and curcumin microspheres were embedded into
the hydrogels. Hydrogels and microspheres were characterised separately to understand their
properties. Results: The encapsulation efficiency of the dexamethasone and curcumin microspheres
was promising with higher encapsulation efficiency achieved for the curcumin microspheres (29%
and 92%, respectively). Swelling studies demonstrated the equilibrium water content (EWC), the
ability of the hydrogel to uptake its surrounding solution, with differences observed in response to
changes in pH. In pH 6.8, hydrogels took up more of the surrounding solution compared to pH 2.2
(EWC% after 24 h = 69% and 56%, respectively). Gel fraction studies showed that the efficiency of the
network formed during photopolymerisation (96%). Discussion: This targeted drug and nutraceutical
delivery system may have the potential to play a role for IBD treatment with the combined impact of
the microspheres in the hydrogel to be established. Dexamethasone and curcumin were encapsulated
into microspheres which aid their solubility. The hydrogel component may help achieve a targeted
delivery system, owing to the changes observed in response to different pH levels, as would be
observed along the gastrointestinal tract.

Keywords: inflammatory bowel disease; delivery system; pharmacology; nutraceuticals; micro-
spheres; hydrogels; treatment; management

Author Contributions: Conceptualization, A.M., C.H. and P.H.; methodology, A.M.; formal analysis,
A.M.; data curation, A.M.; writing—original draft preparation, A.M.; writing—review and editing,
A.M., C.H. and P.H.; supervision, C.H. and P.H.; funding acquisition, C.H. and P.H. All authors have
read and agreed to the published version of the manuscript.

Funding: This research was funded by Presidents Doctoral Scholarship.

Institutional Review Board Statement: Not applicable.

Proceedings 2023, 91, 163. https://doi.org/10.3390/proceedings2023091163 https://www.mdpi.com/journal/proceedings

https://doi.org/10.3390/proceedings2023091163
https://doi.org/10.3390/proceedings2023091163
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com
https://orcid.org/0000-0003-4831-1812
https://orcid.org/0000-0001-8631-7911
https://doi.org/10.3390/proceedings2023091163
https://www.mdpi.com/journal/proceedings
https://www.mdpi.com/article/10.3390/proceedings2023091163?type=check_update&version=1


Proceedings 2023, 91, 163 2 of 2

Informed Consent Statement: Not applicable.

Data Availability Statement: Data sharing is not applicable to this article.

Conflicts of Interest: The authors declare no conflict of interest.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


