
INTRODUCTION

Metal-based complexes represent a highly promising class of agents for cancer diagnosis and treatment, owing to 

their wide-ranging chemical properties and biological activities. Among the metals investigated, copper has attracted 

increasing attention due to its pivotal involvement in tumour development and progression, making it a promising 

target for anticancer therapy. Our previous study focused on the chemical and biological evaluation of a series of 

novel copper(I) and copper(II) complexes, synthesized via the conjugation of a bis(pyrazol-1-yl) acetate ligand with 

the biomolecule amantadine. Their antitumor activity was assessed in the human glioblastoma cell lines U87MG and 

LN18. Among the tested compounds, the copper(I) complex bearing two triphenylphosphine moieties emerged as 

the most promising, exhibiting pronounced cytotoxic activity. Building on these findings, various zwitterionic and 

negatively charged liposomal formulations encapsulating the selected copper complex were developed and 

compared. All liposomes were prepared using the thin-film hydration method, followed by freeze-thaw and extrusion 

cycles. Particle size and zeta potential in different dispersions were determined by multi-angle dynamic light 

scattering (MADLS). The stability of the two most promising liposomal formulations was evaluated in cell culture 

medium at 37°C and 5% CO2 for up to 72 hours. Encapsulation efficiency was quantified by ¹H NMR spectroscopy and 

biocompatibility was evaluated in HaCaT human keratinocyte cells. Moreover, mitochondrial metabolic activity was 

determined using the MTT assay and liposome cellular uptake was analyzed by flow cytometry and confocal laser 

scanning microscopy (CLSM). Finally, the copper chelator tetrathiomolybdate (TTM) was employed to confirm the 

metal-dependent nature of the observed biological activities.
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STABILITY OF LIPOSOMES IN BIOLOGICAL CONDITIONS

BIOCOMPATIBILITY AND CELL VIABILITY EVALUATION

DIFFERENT LIPOSOMAL FORMULATIONS OF SELECTED COPPER(I) COMPLEX BEARING 
AMANTADINE: SYNTHESIS, CHARACTERIZATION AND BIOLOGICAL EVALUATION 

Cell lines models: HaCaT (human keratinocyte cells), U87MG and LN18 (human glioblastoma cells) were selected. U87MG and 
LN18 show different intrinsic sensitivity to temozolomide treatment depending on MGMT (the DNA repair protein O6-
methylguanine-DNA-methyltransferase) expression. U87MG = MGMT negative; LN18 = MGMT positive.

UPTAKE EVALUATION

SYNTHESIS OF LIPOSOMES

The zwitterionic lipid DOPC or the anionic lipid DOPG were formulated with cholesterol in a 2:1 molar ratio, resulting in 
distinct physicochemical properties. The lipophilic compound Cmp5 was successfully entrapped within the lipid bilayer.

PHYSICOCHEMICAL CHARACTERIZATION

cMEM (Minimum Essential Medium supplemented with 10% fetal bovine serum) stability of Liposomes. Size distribution (nm) 
of 0,05 mg/ml of the formulations after 4-24-48-72 h of cMEM incubation at 37°C and 5% CO2. Both liposomal dispersions
exhibited remarkable stability over the 72h incubation period under biological conditions, showing no evidence of
aggregation.

Biocompatibility and cell viability evaluation by MTT (3-2,5-DIPHENYLTETRAZOLIUM) assay. Three concentrations were 
selected for the treatments, up to a maximum of approximately 200 μg mL-1 of total lipid. HaCaT cell line was exposed to the 
three specified concentrations of loaded liposomes up to 72h. U87MG and LN18 cells were treated with liposomes with or 
without the copper ion chelator TTM (2.5 μM for 24, 48 and 72h respectively). Cell viability reduction effect due to liposome-
loaded Cmp5 was counteracted by TTM presence. Empty formulation (DOPC;Chol or DOPG;Chol) at concentration 3 was used 
as internal controls. Each experiment was repeated three times [% Viable Cells = (D.O. Treated/D.O. Control Cells) x100]. 

Hydrodynamic diameter (Rh), polydispersity index (PDI), and zeta potential (ζ) of liposomal formulations in Ultrapure Water
and phosphate-buffered saline (PBS), pH 7.4.

Values are expressed as mean ± standard deviation (SD) of three independent experimental replicates (n = 3). For each
sample, three measurements of 10 runs each were carried out at 25 °C. EE% (Encapsulation efficiency%) was quantified by ¹H 
NMR spectroscopy.
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Liposome cellular uptake analysis in LN18 and U87MG cell lines after 24h-treatment. The lipophilic dye DiD (far-red fluorescent 
carbocyanine dye) was incorporated into liposome bilayer as a fluorescent marker. The negative liposomal formulation
(DOPG;Chol; DID) showed enhanced internalization in cells compared with the zwitterionic formulation (DOPC;Chol;DID).
Results are expressed as mean ± standard deviation of three independent experiments, each performed with three replicate
samples, and are reported as median cellular fluorescence intensity.

Confocal microscopy analysis

LN18 and U87MG cells were 
incubated for 4 h with treatment 3 

with DiD-labelled DOPC- and 
DOPG-based liposomes loaded

with Cmp5.

Nuclei were stained with Hoechst 33342 (blue), lysosomes with LysoTracker® Red DND-99 (green), and liposomes were 
visualized by DiD fluorescence (red). As expected, DOPG-based liposomes exhibited a markedly stronger intracellular DiD 
fluorescence (red signal) than the DOPC formulations, confirming their higher uptake efficiency.
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Flow cytometry analysis
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ULTRAPURE WATER PBS (PH 7.4)

Formulation Rh (nm) PDI ζ pot 
(mV) 

Rh (nm) PDI ζ pot 
(mV) 

EE
(%)

DOPC / Chol / Cmp5 164.3 ±
0.100

0,1589±0
.001

11.1 ±
1.000

170.7 ±
0.090

0.0987±
0.009

-2.9 ±
0.500
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DOPG / Chol / Cmp5 124.2 ±
0.200

0,08042 
± 0.008

-22.54 ±
0.500

144.8 ±
0.100

0,07772±
0.002

-46.5 ±
0.800
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