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Scope and outline of this thesis: 
The present thesis is aimed at exploring and extending the application of 
electrochemistry in combination with mass spectrometry (MS) as an analytical 
technique in the fast and accurate assessment of oxidative drug metabolism by 
Cytochrome P450s (CYP) during the early stages of drug discovery and 
development. Likewise, the results of this study could be used as a new way for 
small-scale synthesis of drug metabolites which is of importance in the 
development of new pharmaceutical products.  

 Chapter 1 provides a general introduction about different electrochemical 
techniques that have been developed so far for oxidative drug metabolism, 
including direct electrochemical oxidation (in combination with mass spectrometry), 
electrochemically generated reactive oxygen species (ROS), and modified 
surfaces by metalloporphyrines and enzymes. The limitations and advantages of 
different electrochemical techniques are discussed in the context of in vivo 
oxidative drug metabolism. This part also presents my work on the immobilization 
of metalloporphyrines via self-assembled monolayers (SAM) of alkanethiols, and 
their analysis using Surface Enhanced Resonance Raman Spectroscopy 
(SERRS).  

 Chapter 2 presents a new approach in the generation of ROS by 
electrochemical reduction of molecular oxygen and further radical reactions 
through the Haber-Weiss reaction. Construction of a two-compartment 
electrochemical cell opens the possibility of separating anodic and cathodic 
reactions and reaction products. In addition, the effect of different ionization 
techniques in product identification by mass spectrometry is discussed. 

 Chapter 3 explores the use of square-wave potential pulses in the high-yield 
and selective generation of metabolites of lidocaine. Here, I introduce cycle time as 
a new parameter to tune oxidation yield and selectivity. Electrochemical techniques 
and stable isotope labeling combined with liquid chromatography (LC)-MS analysis 
are utilized to elucidate the reaction mechanism.  

 Chapter 4 uses square-wave potential pulses in the O-dealkylation of 
phenacetin to acetaminophen, a reaction that is not possible by direct 
electrochemical oxidation. Oxidation intermediates have been stabilized and 
characterized by LC-MS(/MS) analysis to reveal the oxidation mechanism and the 
relevance of pulse time.  

 Chapter 5 presents a novel approach in the imitation of oxidative drug 
metabolism based on the electrocatalytic activation of hydrogen peroxide on a 
platinum electrode. I hypothesize that generation of reactive platinum-oxo species 
promotes oxygen insertion reactions in analogy to the oxo-ferryl radical cations in 
CYP. The reaction mechanism is studied by using a competitive substrate in order 
to gain more insight into the nature of the short-lived reactive intermediates.  

 Chapter 6 summarises my results and provides a perspective for this research 
in the context of oxidative drug metabolism and small-scale synthesis of drug 
metabolites. 




