Investigating the potential of quercetin-loaded chitosan-coated lipid carriers for Alzheimer's management in rats
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Introduction. Phytochemicals have surfaced as interesting possibilities for next-generation therapies aimed at neurological illnesses. Quercetin (QU) has demonstrated promise in mitigating depression and averting cognitive impairment. Nonetheless, its clinical efficacy is constrained by inadequate oral bioavailability and limited permeability through the blood-brain barrier (BBB). Alzheimer's disease (AD) is marked by advancing cognitive deterioration and oxidative neurodegeneration.

Aims. QU was encapsulated in chitosan-coated nanostructured lipid carriers (QU-CS-NLCs), creating an innovative nano-system to improve brain-targeted delivery and therapeutic effectiveness. QU-CS-NLCs demonstrated nanometric particle dimensions, sustained release properties, and structural integrity.

Methods. Fourier transform infrared (FT-IR) spectroscopy, differential scanning calorimetry (DSC), and X-ray diffraction (XRD), Superoxide Dismutase (SOD),  Malondialdehyde (MDA), Reduced glutathione (GSH), Advanced Oxidation Protein Products (AOPP), Dopamine, Serotonin, and Acetylcholinesterase activity (AChE).

Results. QU-CS-NLCs demonstrated nanometric particle size, sustained-release characteristics, and structural integrity, as validated by FT-IR spectroscopy, DSC, and XRD analysis. Rats administered aluminum hydroxide displayed substantial cognitive deficits, but QU-CS-NLCs (20 mg/kg) notably decreased escape latency to 16.8 ± 2.4 seconds. The activity of acetylcholinesterase (AChE) was markedly diminished by QU-CS-NLCs to 24.5 ± 2.5, malondialdehyde (MDA) levels were normalized, and superoxide dismutase (SOD) activity increased from 4.1 ± 0.8 to 8.1 ± 0.9 U/mg. QU-CS-NLCs markedly elevated dopamine levels (135.4 ± 6.6) and serotonin levels (185.6 ± 9.1), while reducing AChE activity (24.5 ± 2.5). Histopathological analysis demonstrated reduced neuronal degeneration and amyloid accumulation.

 Discussion. Quercetin nanoparticles have enhanced neuroprotective benefits in aluminum-induced Alzheimer’s rats relative to traditional therapies.
