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The significant toxicity and limited selectivity of platinum-based anticancer drugs have driven the
search for alternative therapeutic strategies, with copper emerging as a particularly attractive
candidate due to its biological relevance and versatile coordination chemistry. In this study, we
designed and synthesized a series of novel Cu(l) and Cu(ll) complexes based on bis(pyrazolyl)acetate
ligands functionalized with the bioactive molecules amantadine [1], memantine [2] and 1-
adamantanemethylamine, with the aim of enhancing anticancer activity through synergistic metal-
ligand interactions. The resulting complexes were thoroughly characterized using spectroscopic
techniques, X-ray absorption methods, DFT calculations and single-crystal X-ray diffraction. Their
biological activity was evaluated against glioblastoma cell lines (U87, T98 and U251), where several
compounds displayed remarkable antiproliferative effects, with 1Cso values significantly lower than
those of cisplatin and reduced toxicity toward non-tumoral cells. Mechanistic investigations revealed
a crucial role of copper in mediating the biological response, as demonstrated by chelation
experiments. The most active complexes promoted intracellular reactive oxygen species production,
mitochondrial dysfunction and DNA damage, ultimately triggering cell death pathways. To further
improve the therapeutic potential of these compounds and address key limitations associated with
metal-based drugs, such as stability, biodistribution and selective accumulation at the tumor site, the
most active copper complexes were subsequently conjugated to gold nanoparticles functionalized
with polyethylene glycol (PEG) or cysteine-citrate coatings. These functionalized gold nanoplatforms
were developed as drug delivery systems capable of enhancing aqueous dispersibility,
biocompatibility and circulation stability, while providing efficient transport of the copper payload.
The surface functionalization strategy was designed to modulate nanoparticle-cell interactions and to
facilitate the controlled delivery of the metal complexes to cancer cells. Preliminary physicochemical
studies confirmed the successful loading of the copper drugs onto the functionalized gold
nanoparticles. The resulting nanoconjugates represent a promising platform for improving the
pharmacological profile of copper-based anticancer agents, potentially increasing tumor selectivity
while minimizing off-target toxicity [3]. Overall, these findings underscore the potential of copper-
based complexes as a new generation of anticancer agents capable of improving selectivity and
overcoming drug resistance. Moreover, their integration into engineered gold nanoparticle delivery
systems opens new perspectives for the development of multifunctional nanomedicines combining
the therapeutic properties of copper complexes with the advantages of targeted drug delivery.



[1] Morelli M. B., Caviglia M., Santini C., Del Gobbo J., Zeppa L., Del Bello F., Giorgioni G.,
Piergentili A., Quaglia W., Battocchio C., Bertela F., Amatori S., Menighini C., lucci G., Venditti
I., Dolmella A., Di Palma M., Pellei M. J. Med. Chem., 2024, 67 (11), 9662.

[2] Caviglia M., Del Bello F., Santini C., Migani S., Quaglia W., Del Gobbo J., Matteucci F., Morelli
M. B., Zeppa L., Aguzzi C., Bozzuto G., Stringaro A., Battocchio C., lucci G., Venditti I.,
Meneghini C., Amatori S., Dolmella A., Pellei M. J. Inorg. Biochem., 2025, 273, 113035.

[3] Olivieri E., Amatori S., Battocchio C., lucci G., Marsotto M., Lipani, D., Calcabrini A., Colone,
M., Stringaro A., Dupuis M.L., et al. Nanomaterials, 2026, 16, 217.



