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Introduction
The elucidation of the metabolic fate of drug candidates 
in the human body is one of the major challenges in 
pharmaceutical research.1 The main route of drug elimination 
is an enzymatic biotransformation. This is frequently initiated 
by oxidation reactions (“phase I metabolism”), which are 
catalysed by enzymes of the cytochrome P450 (CYP) 
superfamily.2 With a strongly increasing number of novel 
chemical entities (NCEs) in recent years, rapid screening 
techniques that provide both reliable and easily accessible 
information about the biotransformation of a drug candidate 
are required. The earlier these tests are performed, the 
earlier unsuitable drug candidates can be excluded from the 
development process, thus leading to significant economic 
advantages in the early stages of drug discovery. For this 
reason, various model systems, which mimic metabolic 
processes in vitro have been developed.3

The established methods for in vitro simulation of the 
oxidative metabolism are generally based on CYP enzymes 
originating from the liver, including an isolated perfused 
animal liver, liver slices, hepatocytes or, most importantly, 
liver-cell microsomes.4 However, these testing schemes 
are based on animal experiments and are tedious, time 
consuming and of limited reproducibility. 

Electrochemistry (EC) is one of the classical methods to 
induce oxidation reactions. It thus seems obvious to employ 
EC as simulation technique in drug-metabolism studies. 
Electrochemical flow-through cells coupled on-line to 
analysis techniques such as mass spectrometry (MS) with or 
without previous liquid chromatographic separation  
(EC–LC–MS or EC-MS) have nowadays become the 
technique of choice for these simulation experiments 
because they may provide exhaustive information about 
the nature of the electrochemically generated metabolites. 
The respective experimental approaches, applications and 
possible future trends are presented in this article.

Technologies
Electrochemical cells. The majority of studies towards the 
electrochemical simulation of the oxidative metabolism has 
been performed using commercially available coulometric 
flow-through cells. Besides that, amperometric thin-layer 
or wall-jet cells have been implemented in a number of 
studies.5–7 All three types of electrochemical cells are 
equipped with a three electrode set-up, consisting of a 
working-electrode, a reference electrode and a counter 
electrode. The oxidation potential is set between the counter 
electrode and the working electrode. Polarization effects 
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