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1. The intended/realized objectives

The main objective of the project was to develop innovative biomaterials based on
chitosan and cyclodextrin using thiol-ene addition reactions. These reactions occur between
compounds containing thiol groups and compounds with C=C double bonds in their structure.
Due to the complexity of this objective, it was necessary to simultaneously pursue two
experimental research directions: modifying cyclodextrin either with thiol groups or with
double bonds, and modifying chitosan with thiol groups or with double bonds.

The modified cyclodextrin molecules, either with double bonds or thiol groups, play a
dual role in the final polymeric network: on one hand, the cyclodextrin is an integral part of the
three-dimensional network formed, while on the other hand, it acts as a small molecular
crosslinking agent. This role makes it one of the key design factors for the new formulations,
as it allows the adjustment of the release kinetics of the active principle included in these
networks.

Therefore, the project aimed to develop systems in the form of hydrogels and/or
submicron particles (micro- and nanogels) with potential applications in the field of controlled
drug release. Achieving the main objective involved fulfilling several specific objectives
carried out over three stages.

During Phase 1 (2022) of the project, titled Synthesis and characterization of
precursors for thiol-ene coupling reactions, four scientific research activities were planned.
All activities were fully completed on time, leading to the achievement of the objectives for
the project's first stage as well as the fulfillment of project indicators. A brief description of the
main activities conducted during this stage is presented below.

Activity 1.1 involved determining the optimal conditions for the synthesis and
characterization of chitosan modified with double bonds.

It is currently known that the main limitation of using chitosan in the field of controlled
drug release systems is its solubility only in acidic environments. However, this limitation can
be overcome through chemical modification of chitosan.



In this stage, experimental studies were conducted to select chemical reagents, optimize
the synthesis process, and determine the optimal parameters for obtaining polymeric products
with improved properties, such as water solubility, biocompatibility, and biodegradability,
which enable their use in the next stage. Three methods were used to obtain chitosan derivatives
with lateral double bonds: (1) reaction with maleic anhydride, (2) reaction with itaconic
anhydride, and (3) reaction between chitosan grafted with poly(ethylene glycol methyl ether
acrylate) and maleic anhydride. All obtained products were characterized in terms of their
physical and chemical properties. Additionally, micro/nanoparticles based on chitosan
modified with poly(ethylene glycol) methyl ether acrylate were produced using the double
crosslinking method in inverse emulsion. The characterization methods employed for
analyzing the synthesized polymeric supports and particulate systems included Fourier-
transform infrared spectroscopy (FT-IR), nuclear magnetic resonance (NMR), dimensional
analysis, scanning electron microscopy (SEM), hemolysis tests, and toxicity analyses.

Within Activity 1.2. experiments were carried out on the synthesis and
characterization of chitosan chemically modified with thiol groups. Two methods for
obtaining thiol-modified chitosan were described: (1) reaction with 2-iminothiolane and (2)
reaction with homocysteine thiolactone. The characterization methods used included Fourier-
transform infrared spectroscopy (FT-IR) and nuclear magnetic resonance (NMR).

In Activity 1.3, the synthesis and characterization of f-cyclodextrin (-CD) modified
with double bonds using maleic and itaconic anhydrides were performed. The reactions
between B-CD and the anhydrides were carried out in the presence of a catalyst to produce a
final product with a degree of substitution suitable for crosslinking reactions at the double
bonds, which are essential for obtaining compounds through thiol-ene reactions.

Activity 1.4. aimed to obtain and characterize thiolated g-cyclodextrin derivatives,
achieved through the reaction of -CD with thiourea. The characterization method used for
the highly accurate determination of the structure and substitution degree of the B-cyclodextrin
derivatives synthesized in activities 1.3. and 1.4. was matrix-assisted laser
desorption/ionization mass spectrometry (MALDI MS). The structural analysis of the
synthesized compounds was further confirmed through controlled fragmentation experiments
using mass spectrometry (MALDI MS/MS). While mass spectrometry is a highly precise
technique for structural analysis, its application is less commonly known. The interpretation of
results is specific to the analyzed products, and similar studies are not found in the specialized
literature. Consequently, structural analyses using the MS technique, and particularly MS/MS,
were presented in detailed form.

In Stage 2 (2023) of the project, entitled Preparation and characterization of
hydrogels and submicron particles through thiol-ene covalent crosslinking reactions, four
scientific research activities were planned. All activities were fully completed on time, leading
to the achievement of the stage objectives and the fulfillment of project indicators. A brief
description of the main activities conducted during this stage is presented below.



Activity 2.1: Synthesis and characterization of thiol-modified cyclodextrins involved
determining the optimal conditions for the synthesis and characterization of cyclodextrin
modified with thiol groups. The activity described the synthesis and characterization of B-
cyclodextrin (B-CD) modified with thiol groups via reaction with thiourea. The characterization
method used for highly accurate determination of the structure and substitution degree of the
synthesized [-cyclodextrin derivatives was matrix-assisted laser desorption/ionization mass
spectrometry (MALDI MS). This complex analysis required the development of methods
specifically tailored for analyzing the compounds in question. Consequently, the method
development took place during Activity 1.4, while the analysis of the obtained compounds and
the critical interpretation of the results were conducted during this stage.

Activity 2.2: Development of methods for preparing hydrogels from the selected
precursors focused on the preparation of hydrogels based on thiol-functionalized chitosan and
cyclodextrin modified with double bonds, or only on modified cyclodextrin. During this stage,
the optimal experimental conditions for the reaction between the two chemically modified
compounds from the previous stage were determined. Additionally, the synthesis of new
systems in the form of micro/nanofibers based on modified cyclodextrin was described. The
characterization methods employed included Fourier-transform infrared spectroscopy (FT-IR)
and nuclear magnetic resonance (NMR).

Activity 2.3: Development of methods for preparing submicron particles from the
selected precursors detailed the preparation of submicron particles based on thiol-
functionalized chitosan and cyclodextrin modified with double bonds. This included
determining the optimal reaction parameters between the two aforementioned polymers. The
activity also provided details on the preparation of micro/nanoparticles based on chitosan
modified with poly(ethylene glycol) methyl ether acrylate through the double crosslinking
method in a water-oil emulsion. The characterization methods used to analyze the synthesized
polymeric supports and particulate systems included FT-IR spectroscopy, NMR, dimensional
analysis, scanning electron microscopy (SEM), hemolysis tests, and toxicity analyses.

Activity 2.4: Influence of crosslinking reaction parameters on the physicochemical
properties of the obtained hydrogels/particles studies provided a detailed description of the
steps undertaken to determine the optimal parameters for the crosslinking reaction and to assess
their influence on the physicochemical properties of the prepared hydrogels, gels, micro- and
nanoparticles, as well as nanofibers.

Stage 3 (2024) of the project: Demonstration of applicative potential of the new
biomaterials included two planned scientific research activities. Both activities were fully
completed on time, achieving the 2024 objectives and fulfilling all project indicators at 100%.
A brief description of the main activities carried out in this stage is presented below.

Activity 3.1: Toxicity studies of the newly obtained materials involved selecting
prepared systems with optimal properties to evaluate their compatibility with different cell
types and determine any potential adverse effects on cell viability and normal function. The



tests included cytotoxicity assessments on cell cultures, analysis of membrane integrity, and
monitoring of inflammatory responses. These analyses provided a detailed understanding of
the toxicological behavior of the synthesized materials, confirming their safety for potential
biomedical applications.

Activity 3.2: Drug encapsulation and release in relation to variable crosslinking
reaction parameters studies presented and described information on the systems’ ability to
absorb physiological fluids, closely linked to drug loading and controlled release potential. The
analysis was performed exclusively on selected systems with optimal parameters. Drug-loaded
systems were studied for in vitro release kinetics using spectral techniques (UV-VIS).

The reported results confirmed the full and timely completion of all activities, leading
to the complete achievement of the project’s objectives and exceeding the established
indicators. In this context, the proposed goal was fully accomplished.

Details regarding the exploitation and dissemination of results at the project level
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« Publication of 6 ISI papers (Q1/Q2) - 100% Achieved
« Participation with scientific papers at 12 international conferences - 100% Achieved
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» Project website - 100% Achieved
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