EPR Spectroscopy for Biostability Assessment of Metallodrug Complexes 
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Metal-coordinated organic complexes have emerged as potential therapeutic agents, offering unique structural and mechanistic opportunities through their distinctive coordination chemistry and redox properties [1]. Metallodrugs utilize metal ions as central elements for biological interactions, and are being investigated for antimicrobial, antibacterial, and anticancer applications, with copper complexes showing promise in preclinical studies as anticancer and antibacterial therapeutics [2]. Assessment of metallodrug stability in biological environments represents a critical challenge, with electron paramagnetic resonance (EPR) spectroscopy emerging as a powerful tool for investigating biostability of paramagnetic metal complexes. EPR spectroscopy provides detailed information about electronic structure, ligand coordination, and magnetic interactions, making it well-suited for characterizing ligand-exchange processes. Human serum albumin (HSA) binds metal ions with high affinity and can lead to dissociation of metal-containing complexes, making stability assessment in HSA presence critical. Our methodology employs continuous wave EPR spectroscopy in frozen water-glycerol solutions to monitor spectral changes upon HSA interaction, enabling quantitative analysis of complex speciation under physiologically relevant conditions.
Our EPR investigation of the anionic tetranuclear complex [Cu4(H2O)4(phen)4(phyt)]·2Na+·2NH4+·32H2O (Fig. 1) revealed distinct magnetic coupling patterns and demonstrated significant structural changes upon HSA interaction [3]. The analysis identified two fractions within a compound: a dominant (tetrameric) fraction (70%) exhibiting exchange-coupled Cu(II) centers with zero-field splitting parameter D = 1540 MHz, and a secondary fraction (30%) showing monomeric copper behavior (Fig. 2a). Upon HSA interaction at equimolar ratios, the tetrameric fraction reduced from 70% to 20%, while new fractions emerged corresponding to Cu(II) bound to HSA (20%) and monomeric Cu(II) (60%) (Fig. 2b). At four-fold HSA excess, the tetrameric fraction completely disappeared, indicating partial dissociation while maintaining distinct coordination environments (Fig. 3d), demonstrating EPR spectroscopy's utility for quantitative metallodrug stability assessment.

Fig. 1. The structure of anionic tetranuclear complex [Cu4(H2O)4(phen)4(phyt)]·2Na+·2NH4+·32H2O [3].
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Fig. 2. X-band CW EPR spectra of samples recorded at 80 K in a 1:1 mixture of 10 mM PBS buffer and glycerol. Experimental spectra (black noisy lines) were simulated using EasySpin. Dashed colored lines represent simulated spectra for individual fractions; the red line is the final combined weighted simulation. (a) 1 mM 1: blue dashed line—tetrameric fraction; green dashed line—monomeric fraction. (b) Equimolar complex of 1 mM Cu2+ and 1 mM HSA. (c) Equimolar complex of 1 mM 1- and 1 mM HSA: blue dashed line-tetrameric fraction; green dashed line-monomeric fraction; magenta dashed line-Cu2+-HSA complex. (d) 1:4 complex of 0.25 mM 1- and 1 mM HSA: green dashed line—monomeric fraction; magenta dashed line—Cu2+-HSA complex.
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