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Bioinspired nanocomposites for simultaneous antimicrobial action and tissue regeneration

Tengiz Tkebuchava * *

, Masoumeh Khamehchi ®

“ Cardiac Surgeon & CEO of BostonTransTec, Boston, USA.

b Department of Basic Science, Hamedan University of Technology, P. O. Box: 65169-1-3733, Hamedan, Iran.

ABSTRACT

ARTICLE INFORMATION

Bioinspired nanocomposites are a promising solution in the field of biomedical engineering, as they
incorporate both antimicrobial properties and tissue regeneration abilities. They provide an ideal
environment for cell adhesion, growth and differentiation by mimicking natural extracellular

matrices, leading to accelerated tissue repair.
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Bioinspired nanocomposites typically contain nanomaterials such as silver
nanoparticles, zinc oxide, and antimicrobial peptides that lead to the disruption
of bacterial membranes, the production of reactive oxygen species, and/or the
disruption of microbial metabolic mechanisms resulting in broad-spectrum
antimicrobial capability ranging from multidrug-resistant pathogens through
to other microorganisms [1-3]. For example, zinc oxide/silver (ZnO/Ag)
nanocomposites and peptide-functionalized nanomaterials demonstrated
effective inhibition of Staphylococcus aureus and Escherichia coli, common
causes of wound infections [4].

These nanocomposites are designed to imitate the extracellular matrix
(ECM), supporting cell adhesion, proliferation, and differentiation, which are
essential for tissue repair. Incorporating biopolymers like chitosan, gelatin,
collagen, and alginate enhances biocompatibility and creates a scaffold for
new tissue growth [1, 5-7]. Some systems, such as silica-based hydrogel
nanocomposites, promote angiogenesis the development of new blood vessels
and accelerate wound healing by increasing the activity of endothelial
progenitor cells and encouraging growth factor expression [8].

The design of these materials is inspired by natural systems, either by
mimicking the structure and function of biological tissues or by using
biological synthesis methods. Recent advances have shown that these
materials serve as barriers to microbes and promote bone and other tissue-
specific differentiation, supporting tissue regeneration both in vitro and in
vivo. Their combined antimicrobial and regenerative capabilities make
bioinspired nanocomposites promising next-generation biomaterials for
regenerative medicine [2, 9].

This approach results in materials that are more compatible with human
tissues and can provide multiple functionalities, such as elasticity, mechanical
strength, and controlled release of therapeutic agents [2]. Bioinspired
nanocomposites are now being used in advanced wound dressings that not
only prevent infection but foster an ideal environment for tissue regeneration.
Using bioactive materials in nanocomposite dressings, such as antimicrobial
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peptides, metal oxides, or nano-silicates, the scaffolds presented use strong
antibacterial properties allowing the dressing to inhibit both Gram-negative
and Gram-positive bacteria; alleviating the risk of implant infections
completely. They also offer excellent biocompatibility and mechanical
strength for many tissue-engineering applications, whether it be bone, or soft
tissue [10, 11].

The dressings can also be designed to control the release of antimicrobial
agents and growth factors which can further enhance healing [12]. In the case
of bone regeneration, the use of nanocomposites that have osteoinductive and
antimicrobial mechanisms provides scaffolds that can aid or inhibit bone cell
growth and infection of the implant [4, 13]. For skin repair,
bionanocomposites made from natural polymers can be shaped in the form of
films, hydrogels, or through 3-D printing into matrices that closely replicate
the structure of native tissues [6].

In general, Bioinspired nanocomposites represent an exciting new frontier
in biomedical implants, tissue engineering, and regenerative medicine by
using innovative designs inspired by nature that can provide both solutions to
infection control and the regeneration of tissue.
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