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Antimicrobial resistance and oxidative tissue damage often work together, reducing the effectiveness
of treatments. This review explores recent advancements in nanotechnology for addressing both
challenges, focusing on the development of polymeric nanoparticles, liposomes, metal-organic
frameworks, and other innovative nanosystems designed for dual antimicrobial and antioxidant
therapies. Key preparation techniques, such as emulsion-solvent evaporation and environmentally
friendly synthesis methods, are examined, alongside the impact of these systems on critical
properties like particle size, charge, and release profiles. The review assesses the antimicrobial
effectiveness of these nanosystems against a range of pathogens—including Gram-positive and
Gram-negative bacteria, fungi, and biofilms—as well as their antioxidant activity in counteracting
oxidative stress. Despite promising results, challenges remain in terms of reproducibility, stability
under physiological conditions, and limited in vivo validation. The review emphasizes the potential of
targeted, stimulus-responsive delivery systems and highlights the need for standardization across
preclinical models to accelerate the translation of these next-generation therapies from the
laboratory to clinical use.

Keywords: antimicrobial resistance, oxidative stress, co-delivery, nanocarriers, liposomes, polymeric,
nanoparticles, metal—organic frameworks.

Dr. med. Venesa Lupgi (PhD candidate) and Prof. Dr. Mimoza Basholli Salihu are members of
NANOBALKAN Research Center (formerly NanoAlb).

References

[1]  Basholli-Salihu M, Haloci E, Kryeziu T, Ahmeti J, Zogjani B, Bagci U, Lupci V, Jakupi X, Zimmer A, Shala
A. Nanoemulsion of Thymus capitatus and Origanum vulgare essential oil: stability, antimicrobial and
cytotoxic properties. Journal of Research in Pharmacy.;29(2):853-71.

[2]  Basholli Salihu M, Loshaj-Shala A, Cunaku A, Lupgi V, Bagci U, Haloci E, Stefkov G, Kryeziu T, Zimmer A.
Assessment of cytotoxic impact of wild grown Lavandula angustifolia essential oil encapsulated in
liposomes and nanoemulsions on DU145 cancer cell line. assessment. 2023;2:13-5.

[3] Kryeziu T, Bagci UF, Loshaj-Shala A, Oral AY, Stefkov GJ, Zimmer A, Basholli Salihu M. Cytotoxic activity
of liposomal Thymus capitatus essential oil on HT-29 human colorectal cancer cell line. Die Pharmazie-
An International Journal of Pharmaceutical Sciences. 2024 May 15;79(3-4):49-56.

nanoBalkan2025 Tirana (Albania)



