Development of HDAC2 inhibitor for neuroprotection from chemical-induced neurotoxicity and pharmacokinetic analysis
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Introduction. Epigenetic dysregulation, especially unregulated histone deacetylase (HDAC) activity, contributes to transcriptional repression of neuroprotection and neuroplasticity-associated genes. Pharmacological inhibition of HDACs, especially class I HDACs, restores histone acetylation, which promotes neuroprotection in neurocognitive disorders. A research gap was observed that very few HDAC2 inhibitors have been explored for neuroprotection and neurocognitive impairments.
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Aims. Design, synthesis of HDAC2 inhibitor, and its in vitro biological evaluation in the chemical-induced neurotoxicity model and in vivo pharmacokinetic analysis.

Methods. A combined in silico and literature review method was implemented for the design of new compounds. After analysis of the retrosynthetic pathway, a series of 10 compounds was synthesized, and structural analysis was performed using 1H, 13C, and 19F NMR. HPLC purity and HRMS were performed for all the compounds. Further, to choose a lead compound, a fluorophore-based HDAC assay was performed, and the lead compound was selected for further biological analysis. A H2O2 and AlCl3-induced neurotoxicity in vitro models were developed using Neuro2A cells, and the lead compound was exposed in both the chemical-induced models for neuroprotection. Moreover, anti-apoptotic, ROS, and nuclear morphology analyses were performed with the lead compound to understand its neuroprotective potential. Furthermore, in vivo pharmacokinetic analysis (plasma and brain) was performed to analyse the BBB permeability, bioavailability, and clearance.
Results. The design of new compounds was performed using a rationale-based literature analysis and target analysis using various computational open servers. Further, molecular docking, DFT analysis, and dynamics simulation were performed on the HDAC2 protein catalytic binding site. It was observed that the designed compounds showed a good fit to the HDAC2 protein (PDB: 4LY1). The designed compounds were synthesized, and structural confirmation and purity analysis were performed using 1H, 13C, and 19F NMR, HRMS, and HPLC, followed by LC-MS. For the analysis of a lead compound, a fluorophore-based HDAC enzyme assay provided the lead compound (M2) with an IC50 of 500 nmol/L against HDAC2 and a 100-fold selectivity over HDAC8 and a minimum 10-fold selectivity over HDAC1 and HDAC3 isoforms. Furthermore, the lead compound M2 showed the highest neuroprotection at a 2μmol/L concentration against H2O2- and AlCl3-induced neurotoxicity in Neuro2A cells, with **** significance at p<0.0001 (one-way ANOVA). On that concentration, anti-apoptosis analysis showed a live cell population of 84% in AlCl3-induced neurotoxicity in Neuro2A cells. A significant ROS reduction in the fluorescence image analysis, as well as MTT assay protocol analysis of ROS study in the H2O2-induced neurotoxicity model in Neuro2A cells. Further, nuclear morphology was analysed using the DAPI staining in the AlCl3-induced neurotoxicity model of Neuro2A cells. The study was compared with CI994 (a positive control), and significance analysis was performed using one-way ANOVA. The lead compound, M2, provided better protection than CI994 in all in vitro analyses. Further, in vivo pharmacokinetic analysis was performed using C57BL/6 mice, and it was observed that the compound M2 showed excellent blood-brain barrier (BBB) penetration with Cmax (brain) of 1.5μg/mL, and plasma Cmax of 2.7μg/mL with clearance time 4 h from plasma and 8 h from brain.
Discussion. The lead compound M2 was designed and synthesized, and showed preferential HDAC2 inhibition over other HDAC isoforms in the fluorophore-based enzyme inhibition assay. M2 showed neuroprotection against H2O2- and AlCl3-induced neurotoxicity in Neuro2A cells. Also, the in vivo pharmacokinetic analysis showed the compound efficiently crosses the BBB. Further, the lead compound M2 can be explored in various therapeutic efficacy studies in in vivo models, and the exploration of the pathway of HDAC2 in neuroprotection and cognitive impairments.
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