Importance of PCB Chiral Separation and Structural Prediction
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Introduction: The ryanodine receptor regulates intracellular calcium levels and plays a crucial role in brain function. It has been extensively studied in synaptic plasticity, neuronal excitability, and excitatory neuronal death. The receptor is named after its interaction with ryanodine, a plant compound, and exists in three distinct subtypes.
Püttmann1) synthesized and measured the optical rotation of PCB atropisomers (PCB-88, 139, 197), distinguishing between (-) and (+) configurations using pure samples. Additionally, Haglund2) separated and determined the optical rotations of nine PCB atropisomers (PCB-84, 131, 132, 135, 136, 174, 175, 176, 196) using RP-HPLC. We developed a rapid method for chiral separation and identification3) of PCB atropisomers, applied to PCB metabolism and enantioselective RyR studies. 4–7)
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Materials and Methods: HPLC -UV (Tosoh CO-8020, Shimadzu LC-10AT) was used for chiral separation with specific parameters. Chiral separation of PCB atropisomers was performed using a Daicel Chiralcel OJ-H column. We optimized separation conditions by adjusting column temperature, flow rate, elution solvent, injection volume, and sample concentration. PCB samples were sourced from Accu Standard, and UV detection at 291 nm was utilized. For PCB-183 analysis in biological samples, GC/HRMS was employed. To calculate specific rotation and assess chlorine substitution positions in PCBs, we used the def2-TZVP basis set and B3LYP density functional theory (DFT). Optical rotation calculations were conducted using Turbomole software.

Results: The rapid method for chiral separation and identification of PCB atropisomers is a significant breakthrough in PCB metabolism and enantioselective RyR research. High-purity samples and RP-HPLC effectively distinguish (-) and (+) configurations. DFT calculations evaluate chlorine substitution positions and optical rotations. Integration of experimental and theoretical data provides strong evidence for method accuracy. Agreement between circular dichroism spectra and optical rotations further demonstrates effectiveness. This research facilitates future investigations and improves understanding of PCBs' environmental and health effects. Optical rotation measurements using short columns and low resolution (R) validate the method. Metabolic differences between (+) and (-) forms emphasize the need to assess individual biological risks. The method successfully separates and identifies challenging isomers through optical rotation data.
Discussion and Conclusion: The developed method is a significant breakthrough, rapidly separating and identifying PCB atropisomers. It ensures accurate results with high-purity samples and RP-HPLC. DFT calculations enhance understanding of chlorine substitution positions and optical rotations. Agreement between circular dichroism spectra and optical rotations supports reliability. Collaboration validates optical rotation measurements with short columns and low resolution (R). Metabolic differences highlight the importance of assessing individual risks. The method's implications extend to PCB metabolism and enantioselective RyR studies. It contributes to understanding PCBs' environmental and health effects. Overall, the developed method has significant implications for PCB metabolism and enantioselective RyR studies. It not only facilitates future investigations in these fields but also contributes to a better understanding of the environmental and health effects associated with PCBs. The method's speed, accuracy, and ability to distinguish between different atropisomers make it a valuable tool for researchers in various applications related to PCB analysis. Among the 19 chiral PCBs examined, four isomers (PCB95, PCB144, PCB149, and PCB183) with substitutions at positions 2, 4, or 2, 4, 5 exhibited the aR-(+) and aS-(-) configuration, while the remaining 15 types displayed the aR-(-) and aS-(+) configurations.
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