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The pharmaceutical industry shows a keen interest in modelling cytochrome P450 (P450) mediated 

metabolism of drug candidates. P450s are responsible for the metabolism of  90% of drugs taken by man. 

It serves the easier excretion of toxic materials, but in some cases more toxic products are formed. 

Prediction of the metabolism of drug candidates could be used as a cost-effective method to exclude drug 

candidates with possible toxic metabolites from the drug development process.  

We present the results of two case studies (see Fig.1.) aimed at understanding the regioselectivity of 

P450-mediated metabolism. Although quantum mechanics (QM) and docking studies indicate the 

possibility of aromatic carbon oxidation of dextromethorphan,[1] experimentally only O-demethylation is 

observed. QM/MM calculations explain this discrepancy by showing that the enzyme environment 

modulates the intrinsic reactivity of dextromethorphan by hindering the formation of a favourable transition 

state for aromatic carbon oxidation.  

Oestrogens are metabolized by the P450 3A enzymes and with increasing unsaturation of ring B the 

benign 2-hydroxilation pathway is replaced by the carcinogenic 4-hydroxilation pathway (Fig.1.). Using QM 

only calculations we are able to rationalize the experimentally observed product ratios.  

The results of the two studies indicate that the active site modulates the intrinsic reactivity of molecules to 

different extents. Metabolism in large, non-polar active sites is expected to lead to products in accordance 

with the intrinsic reactivity of the substrate, while in small active sites the product ratios can be very 

different from those expected on the intrinsic reactivity of the substrate.  
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Figure 1: A: Dextromethorphan metabolism by P450 2D6: only O-demethylation is observed.  

B: The degree of unsaturation of ring B determines the ratio of 2- and 4-hydroxylation pathways.  
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