
 

 Overview  
 

On-line electrochemistry/mass spectrometry (EC/MS) has  become a powerful tool for 
the simulation and prediction of oxidative metabolism of drugs and xenobiotics. Using 
the ROXYÊ EC system on-line with MS results in: 
 

¶ Generation of metabolites (seconds vs. days or weeks using in-vitro and/or in-vivo 
methods often accompanied by their intermediates 

¶ Automated recording of MS Voltammograms 
¶ Zero matrix effect (no adduct formation with cell material) 
¶ No isolation steps necessary 
 

Introduction  
 

Combining the ROXYÊ EC system with MS creates a powerful platform for oxidative 
metabolite studies and helps to overcome many of the laborious tasks by isolating the 
metabolites form in vivo (urine, plasma, etc.) or in vitro (microsomes) studies. The oxida-
tion of target compounds occurs in the electrochemical cell within seconds and the simi-
larity between reactions catalyzed by cytochrome P450 in nature and simulated in the 
electrochemical cell is high  [1-3]. In this poster a dedicated electrochemical system is 
presented for fast screening of drugs to obtain their oxidative metabolic fingerprints.  
 

Methods  / Instrumentation  
 

An electrochemical thin-layer cell (Antec, The Netherlands) equipped with a glassy car-
bon or conductive diamond (MD) working electrode was used for the oxidation of drug 
compounds. The cell potential was ramped from 0 to 2000 mV during the experiments. 
The outlet of the electrochemical cell was connected directly to the electrospray source 
of a MicrOTOF-Q MS (Bruker Daltonics, Germany) used to record mass spectra.  
Depending on the type of compounds typically 10 µM solutions in  20mM ammonium  
formate (ammonium acetate)/acetonitrile (50/50, v/v) are pumped through the electro-
chemical cell at a flow rate of 10 µL/min. For the formation of GSH adducts, 50 µM GSH 
solution was added after the EC cell using a mixing coil.  

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Dedicated Software for Automated MS Voltammogram Acquisition  
 

¶ Controls potentiostat (multiple cells) and syringe pump 

¶ Automate and simplify mass voltammogram acquisition 

¶ Unlimited potential range (+/- 4.9 V) 

¶ Parameter changes with 0.01min (0.6s) time resolution  

¶ Automated MS data acquisition (contact closure) 

 
 
 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

 Results  
 

Amodiaquine was chosen as model drug to investigate oxidative metabolism using the 
ROXY EC System dedicated for single component screening. 
Electrochemical conversion of the amodiaquine into reactive phase I metabolites and 
their GSH conjugates were successfully achieved. 

Figure 7 (A): Metabolic pathway of Amodiaquine (selected metabolites). (B): 3-D MS 
Voltammogram of Amodiaquine. The MS Voltammogram represents the metabolic fin-
gerprint of the molecule. The voltammogram was recorded using an event table in Dia-
logueÊ software (Antec). (C): 2-D MS Voltammogram of Amodiaquine (Scan mode).  

Figure 8 (A): Result of conjugation of phase I metabolites of Amodiaquine and GSH.  
Example of EICs of Metabolite 1 (m/z 354) and its conjugate (m/z 661) and Metabolite 2 
(m/z 326) and its conjugate (m/z 633). Conjugation was performed in DC mode. 
(B): Mass spectra of phase I metabolites of Amodiaquine. (C): The mass spectra of the 
conjugation products formed with different potential. The spectrum with cell OFF con-
firms that the conjugates are formed ONLY if potential is applied.  

 
 
 

Figure 9 (A): MS Voltammogram of acetaminophen. (B): Result of conjugation of phase I 
metabolite NAPQI and GSH. (C): Zoom in of mass range from m/z of 445 to 490. Peak 
at m/z of 457.1432 corresponds to protonated ion of conjugation product. Peak of m/z of 
479.1245 was identified as its Na+ adduct. (A.) Cell OFF, (B.) Cell EC=800mV.  

 
 
 
 
 
 
 
 

 
 
 
 
 

 

Conclusions   
             

Amiodaquine was successfully used as model drug to mimic the oxidative metabolic de-
toxification pathway in the human liver by on-line EC/MS. Phase I and II metabolites, 
which were already known from the literature as detoxification products in vivo, were ge-
nerated in the EC reactor cell and on-line identified by MS using either amodiaquine alo-
ne or in the presence of glutathione. Furthermore, the oxidation pathway was succesfully 
simulated for amiodarone, acetaminophen and irinotecan. These results clearly illustrate 
the potential of EC/MS as a powerful tool for predicting metabolic processes. 
The ROXYÊ EC system provides a versatile and user friendly platform for studying 
phase I and II metabolism of target compounds (drugs, pharmaceuticals, herbicides, etc).  
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Figure 2: ReactorCellÊ and different WE. 

Figure 3: Phase I: oxidation of  
the target compound. 
 

 

Figure 4: Phase II: adduct for-
mation (conjugation) of the oxi-
dized compound with reactant 
(e.g. protein, GSH). Figure 10 (A): Structure, (B): MS Voltammogram and (C): average mass spectra of 

Amiodarone. 

Figure 11 (A): Structure, (B): MS Voltammogram and (C): average mass spectra of  
Irinotecan. 

Figure 1: ROXYÊ EC system (Antec). 

Figure 5: DialogueÊ soft-
ware. Cell control window.  

Events programming window. 

Figure 6: Operation principle of MS Voltammogram data acquisition. 
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