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Metabolite Structure Determination Using Combined Ion Mobility Separation-Mass Spectrometry 
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As an analytical technique, mass spectrometry (MS) cannot separate isomeric species or provide conformational information.  Structural information can be gained through tandem MS (MS/MS) techniques.  There are classes of substituted molecules, such as hydroxylated metabolites which produce identical MS/MS spectra.  This is problematic if the exact position of the hydroxylation is required.  Ion Mobility Separation (IMS) has the ability to separate isomeric species, such as hydroxylated metabolites, rapidly (msec) based on differences in collision cross-section (Ω). IMS can therefore provides specific information on ionic configuration and thus the position of hydroxyl moieties.  
Experiments were performed using a hybrid quadrupole/IMS/orthogonal acceleration time-of-flight MS instrument (Synapt G2 HDMS, Waters Corporation, Manchester, UK).  IMS was performed at a pressure of 3.2 mbar nitrogen with a wave velocity of 1100 m/sec and a travelling wave amplitude of 40 V.  Theoretical Ω values were calculated using MOBCAL and compared to the travelling wave derived Ω values.  IMS calibration was undertaken using five singly charged polyalanine ions. Three-dimensional metabolite conformations were explored with the "Systematic Search" protocol in MOE.   Ten thousand combinations of possible values for variables were explored following which ten conformations with the lowest energy were selected for each metabolite. 
All three hydroxylated metabolites showed different UPLC chromatographic elution times.  However, the MS and MS/MS spectra are all identical, thus hampering identification.  The Ω value of the parent compound ondansetron and three hydroxylated metabolites GR60661, GR63418 and GR90315 were measured by UPLC-IMS-MS.  Theoretically derived Ω values for hydroxylated metabolites GR60661, GR63418 and GR90315 are 110.9 Å2, 110.6 Å2 and 109.5 Å2 respectively.  Travelling wave IMS derived collision cross-section derived values are in very close agreements with the theoretically derived values, thus allowing accurate identification of the hydroxylated metabolites, even those with a collision cross-section difference of less than 1 Å2. No additional structural characterization technique (e.g. NMR or X-ray crystallography) was required for metabolite structural determination. This novel IMS-MS strategy provides an efficient means of identifying drug metabolites directly from biological matrices.  
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