Atorvastatin Mitigates NMDA-Induced Retinal Damage via Lipid Raft and Calcium-regulated Protein Modulation
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Introduction. Progressive vision loss in glaucoma is thought to be associated with retinal ganglion cell (RGC) apoptosis, primarily driven by excitotoxic calcium (Ca²⁺) overload and oxidative stress. Statins have been shown to stabilize lipid rafts and reduce oxidative damage in neural tissues [1,2], suggesting that atorvastatin may represent a potential neuroprotective strategy in glaucoma.
Aims. This study investigated whether atorvastatin protects retinal ganglion cells (RGCs) against NMDA-induced retinal injury by stabilizing lipid rafts, modulating calcium-regulated proteins, and reducing oxidative stress. 
Methods. Sixteen male Sprague–Dawley rats were divided into control, vehicle, and atorvastatin (15 µM) groups. Vehicle and atorvastatin groups received NMDA (160 nM, 2 µL, intravitreal, bilateral) 24 h post-treatment. After 7 days, eyes were enucleated for histopathology (H&E) and Brn3a immunohistochemistry (IHC) to assess RGC survival. Expression of lipid raft markers caveolin-1 (Cav-1) and flotillin-1 (Flot-1) was assessed by RT-PCR and Western blot. Calcium-regulated proteins including calmodulin (CaM), calcineurin (CaN), and calpains 1 and 2 (Calp-1, Calp-2), as well as NADPH oxidases (NOX1, NOX2), were evaluated by RT-PCR and ELISA.
Results. NMDA exposure significantly downregulated Cav-1 and Flot-1 (p<0.05) and upregulated CaM, CaN, Calp-1, and Calp-2 (all p<0.01). NOX1 and NOX2 were also markedly elevated at both gene and protein levels (p<0.001), accompanied by a significant reduction in Brn3a-positive RGCs (p<0.05). Atorvastatin treatment partly restored Cav-1 and Flot-1 expression (p<0.05), suppressed overactivation of calcium proteins (p<0.05), reduced NOX1 and NOX2 levels (p<0.01), and improved Brn3a-positive RGC survival (p<0.05) compared with NMDA group.
Discussion and conclusions. Findings suggest that atorvastatin may protect RGCs from NMDA-induced apoptosis by stabilizing lipid rafts, attenuating Ca²⁺-dependent apoptotic signaling, and reducing oxidative stress. Preservation of retinal structure and increased Brn3a-positive RGCs support its potential as a neuroprotective agent in glaucoma.
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