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Glaucoma and age-related macular degeneration (AMD) are common diseases of sight and the most important causes of irreversible blindness. In both diseases degeneration and loss of retinal neurons occur and for this reason they belong to retinopathies. Pathological processes in glaucoma lead to selective death of retinal ganglion cells (RGC) and degeneration of their axons which build up the optic nerve. In AMD progressive loss of photoreceptor cells occurs, mainly in the macula. Several reports suggest that in both of these retinopathies endogenous free oxygen radicals play a key role. Cascade of free radical reactions is initiated by generation of superoxide radical (O2•-). First step of O2•- detoxification is its dismutation catalyzed by superoxide dismutases. Administration of mimetics of superoxide dismutases (such as piperidine stable free radical tempol) seems to be a reasonable therapeutic strategy in diseases associated with free radical overproduction. Superoxide radical is generated mainly by membrane-bound enzymes. Moreover, its generation severely affects lipid membranes. For these reasons it was hypothesized that more lipophilic acyl esters of tempol should be more potent neuroprotectants.
Acyl esters of tempol (tempol-C4, -C8, -C12, -C16) were synthesized by prof. Michał Woźniak and coworkers at the Medical University of Gdańsk. The first purpose of this dissertation was to characterize physicochemical properties of these new esters – to measure their liphophilicity, quantify interaction with model lipid membranes and register electron paramagnetic resonance (EPR) spectra to confirm radical properties.
The second purpose of this dissertation was to investigate retinoprotective activity of tempol and its acyl esters in rat models of glaucoma and retinoprotective activity of tempol in a model of AMD. Three models were used to mimic glaucomatous retinal degeneration: (1) partial optic nerve crush (PONC), (2) PONC combined with iron overload, (3) intravitreous injection of excitotoxin NMDA. Photoreceptor light damage served as AMD model. To asses retinal damage RGC density was evaluated, as well as histological and immunohistochemical stainings. In the light damage model electroretinographic evaluation was also employed.

With increasing acyl chain length of the esters studied their hydrophobicity increased. Their interaction with model membranes was dependent on chain length but not in a linear manner. EPR spectra did not differ markedly, providing confirmation that all the substances are stable nitroxide radicals.
Tempol was protective in the two models of glaucoma as well as in the light damage model of AMD. Comparison of tempol esters' activity in PONC model showed greater neuroprotective efficacy of tempol-C8 (tempol caprylate). In NMDA toxicity model of glaucoma tempol-C8 was also active but only in a group of young animals.
Results presented in this dissertation suggest that enhancing antioxidant defenses by superoxide dismutase mimetic may be a good therapeutic strategy in retinal neurodegenerative diseases. Of the esters studied, tempol-C8 had enhanced neuroprotective activity compared to the parent compound. The reason may be that nature of interactions with biological membranes that allows this particular substance to penetrate to cellular compartments in which high intensity of free radical generation and/or radical-inflicted damage occurs.
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