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Chronic wound healing is a complex process often associated with excessive exudate production, which
can prolong inflammation and raise infection risk due to polymicrobial microflora. Current wound dressings
often lack efficient absorption kinetics, leading to tissue maceration and discomfort, while patient pain and
inflammation management persist [1]. Aerogels, characterized by high porosity and large surface area,
offer promising solutions for wound care. Bio-based aerogels, particularly those derived from natural
polymers, show potential in facilitating fluid transfer and acting as carriers for bioactive compounds,
thereby aiding inflammation control and infection prevention. Silk-based biomaterials have emerged as
promising candidates for drug and cell delivery due to their biocompatibility, low toxicity, and customizable
drug-release capabilities [2,3].

In this work we have developed new silk fibroin (SF) microparticulate aerogels loaded with Adenosine
(ADO) using supercritical fluid technology, to create a drug carrier system targeting chronic wound healing
to address the inflammatory stage and angiogenic properties. ADO is a nucleoside known for its ability to
promote angiogenesis and tissue regeneration [4]. Various concentrations of SF (3%, 5%, and 7% w/v) and
different ratios of ADO were employed for particle production. The resultant particles exhibited favorable
characteristics, including high porosity (93% to 94%), an envelope density spanning 0.07 to 0.11 g/cm’,
skeletal density falling between 1.22 and 1.31 g/cm’, and a surface area ranging from 191 to 306 m?/g.
The drug release tests revealed that approximately 80% of adenosine was released within 30 minutes.

In vitro tests were conducted using keratinocytes (HaCaT), primary fibroblasts (HDF), and endothelial
(HDMEC) cells, all of which are critical to the wound healing and regeneration process. These cells
contribute to the deposition of new matrix, blood vessels, and skin tissue repair. Cell viability and
proliferation assays demonstrated the biocompatibility of all particle formulations with HDF and HaCaT
cells (Figure 1). However, some differences were observed in the cellular interactions. Specifically, HDF
exhibited favorable interaction with the particles on day 1, whereas HaCaT cells demonstrated a range of
different behaviors. This variance may be linked to the superior performance of HDF over HaCaT cells
when exposed to adenosine solutions within the concentration range of 0.1 - 2 mg/mL. HDMEC assays are
currently underway, with preliminary findings indicating that adenosine-containing particles exhibit
favorable cell biocompatibility. CAM assay is presently ongoing to evaluate the blood vessel formations in
a live system.
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proliferation and biocompatibility, with drug release tests indicating rapid adenosine release. Ongoing
assays with HDMEC suggest favorable cell behaviour, particularly when adenosine, in line with its ability to
promote angiogenesis. Future work involves optimizing formulations for enhanced therapeutic efficacy and
exploring clinical applications in chronic wound management and tissue regeneration.
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Figure 1

A. Cell viability of ADO-SF aerogel particles in contact with HDF and HaCaT; B. Representative SEM
images of ADO-SF Aerogel particles with HDF and HaCaT; C. Representative immunofluorescence
images showing nuclei (DAPI) and cytoskeleton (green phalloidin) of cells treated with ADO-SF Aerogel
particles.
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