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BACKGROUND & AIM

In the field of regenerative medicine, a current challenge

is the discovery of novel therapeutic approaches for bone

regeneration and reconstruction (1). Bone possesses a

complex anatomical structure that makes it difficult to

replicate finely. The therapeutic approach actually

employed is based on bone grafts, which possess

several limitations such as risk of infection, chronic pain

or bleeding. The present work proposes a strategy based

on tissue engineering: the production of scaffolds

composed of wool keratin endowed with osteogenic

activity. This method represents an eco-friendly solution

that promotes the recovery and valorization of

biopolymers. Wool keratin is an attractive biomaterial to

stimulate bone regeneration due to its biocompatibility,

biodegradability and capacity to improve cell adhesion

(2). Additionally, the incorporation of gold nanoparticles

(GNPs) can improve the scaffolds’ antibacterial

properties (3). The aim is to demonstrate that the addition

of GNPs to keratin-based solutions produces nanofiber

mats endowed with better osteoinductive and

antibacterial performances.

METHODS

Keratin powder (15% wt.) extracted from

waste wool fibers by sulphitolysis (Fig. 1)

was dissolved in formic acid ≥95% and

kept overnight under mild stirring in a

conditioned laboratory at 20 °C and 65%

RH (relative humidity).

Figure 1. Extraction procedure of keratin powder 

from raw wool via sulphitolysis.

A concentration of 0.10% of GNPs was

added to the keratin solution before

electrospinning (Fig. 2).

Figure 2. Electrospinning process and the resulting

scaffolds (ker and ker 0.10% GNPs).

The obtained solution was electrospun for 1h on

polypropylene non-woven 17 g/m2 in a prototype

lab applying specific electrospinning conditions:

25 kV voltage; 15 cm working distance; 0.4 mm

internal needle diameter; 0.003 mL/min flow rate.

At the end of the process, the electrospun

nanofibers with and without GNPs were

thermally stabilized in an oven at 180°C for 4h to

make them water-insoluble. Preliminary tests

(cell viability and evaluation of the scaffold’s

bacterial adhesion) were performed on NF-ker

and on NF-ker + 0.10% GNPs membranes.

CONCLUSIONS

Figure 3. Outcomes expressed as a percentage of cell

viability on materials with respect to TCP control set as

100% (red hatching).

The quantitative data, reported in the graph above

(Fig. 3), display that cell viability is higher on GNPs-

keratin membrane compared to the only keratin: GNPs

promote SaOs-2 cell growth on keratin-based

scaffolds. Furthermore, a reduction in cell growth is

visible after 7 days of incubation on the samples: this

evidence is probably due to the initial differentiation

phase.

The sample’s biocompatibility was assessed through a

CCK8 assay. Human osteoblast SaOs-2 cells were

cultured for 1, 3 and 7 days on the different scaffolds

and on a tissue culture plate (TCP) control.
The anti-adhesive properties of electrospun keratin scaffolds were assessed to investigate the

antimicrobial effect of GNPs.

Gram-negative Escherichia coli ATCC 25922 and Gram-positive Staphylococcus aureus ATCC

25923 were seeded on the samples and incubated at 37°C for 3h. The surviving bacteria were

diluted and plated on agar plates. After incubation at 37°C for 24h, the colonies formed from

adherent cells were counted and expressed as CFUs (colony-forming units)/mL.

GNPs in keratin-based scaffolds reduced the adhesion of E. coli (ca. 20%) and S. aureus (ca.

90%) after 3h, compared to pure keratin (Fig. 4A-B).

Figure 4. A) SEM images of bacterial adhesion after 3h. B) Bacterial adhesion (in %) on ker 0.10% 

GNPs compared to ker set as 100% (red hatching).
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GNPs in keratin-based scaffolds stimulate cell

adhesion and growth on the material’s surface,

enhancing also their antibacterial properties. These

prior findings suggest that electrospun keratin

scaffolds added with GNPs may represent a

promising biomaterial for bone tissue regeneration,

paving the way for future investigations.
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