Fullerenes and endofullerenes in aqueous media as superoxide dismutase mimetics
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During the last decade, a promising direction in the development of modern medicine is the creation of nanopharmaceuticals as carriers of the active component. In addition to the physical and chemical properties of nanomaterials, it is necessary to study their biochemical activity concerning the active forms of oxygen — the superoxide anion radical (SAR) — a key participant in free radical homeostasis. Fullerenes in aqueous dispersions (AFDs) of unmodified fullerenes are of interest since there are no hydrophilic addends that can be involved in the metabolic process. AFDs of endofullerenes with Gd atoms are considered as possible contrasting agents for Magnetic Resonance Imaging (MRI). Currently, AFDs as molecules able to catalyze the dismutation of SAR are insufficiently investigated. Thus, the aim of this study is to the investigation of SOD-like properties (superoxide dismutase activity) of AFDs in the xanthine/xanthine oxidase (X/XO) model system.
The solvent-exchange ultrasound-assisted process from pure neat toluene (SE) and direct dispergation technique by ultrasound (DD) was used for gaining AFDs. The AFDs purity for residual organic solvents and contaminates was checked by HPLC-UV, ICP-AES. We obtained AFDs-C60(SE), C60 (DD), C70(SE), C70 (DD), Gd@C82 (DMFA) ωGd~3mass.%, DD), Gd@C82(HPLC-pure ωGd~14mass.%, SE), Gd@C82 (0.9%NaCl, DD), C76-C86(SE), Gd@C82(Tritonx-100 as dispersant, DD). 
The SOD-like activity was determined by activated chemiluminescence in the X/XO model system in the presence of lucigenin as a selective probe for a SAR. Xanthine and lucigenin solutions (1 mM) in a phosphate buffer solution (PBS) with a pH 7.4. The AFDs content is 15-60 µM, which is similar to the possible injected concentration of AFDs into a human body. The freshly prepared XO with the activity of 0.11 units/ml in PBS (pH 7.4) was used. Before chemiluminescent measurements, the enzyme solution was maintained for 15 minutes at room temperature. Checked the signal before entering the stationary level at 37°C. 
When AFDs of C60 and C70 are added to the X/XO, the action of X/XO enzyme in relation to xanthine is preserved. Therefore, during the reaction, the released superoxide is not suppressed by AFDs of C60 and C70. AFDs of C60 and C70 do not have SOD-like activity. The type of AFDs gaining technique – did not affect the SOD-like activity. Thus, it can be concluded that AFDs of C60 and C70 are indifferent to the SAR. This allows the use of AFDs of C60 and C70 as transport of drugs in the human body, while AFDs of C60 and C70 will not participate in biochemical processes.
Another situation is observed when adding other fullerenes to the model system; the action of the enzyme is reduced by five times. ADFs of Gd@C82, C76-C86 have SOD-like activity in the X/XO model system, which makes it possible to use these molecules as a free radical absorber potentially. Preparatory to using ADFs of Gd@C82, C76-C86 as contrasting agents, it is necessary to investigate the already used similar contrasting agents with are gadolinium-based complexes in the X/XO model system and compare the data obtained.
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