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uDiscovery 
– Identification of metabolic “hot spots”

– Optimize  the metabolic Stability  and  Intrinsic Clearance
– Synthesis of more metabolically stable analogs

– Structure-metabolism relationship (new leads)

u Preclinical Development
– Species comparison
– Pharmacological activity
– Reactive intermediates

u Clinical Development
– Comparison of human metabolic pathways with those of tox 

species
– Synthesis of metabolites for toxicology testing
– Metabolite-assay development
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MS (combined with separation techniques, HPLC, GC)

uAdvantages:
– Greater sensitivity 
– Greater Selectivity (Through SIM or MS/MS)
– Better resolution (capabilities of monitoring different masses in 

different channels)

uDisadvantages
– Does not differentiate isomers
– Does not always provide precise structural identification 
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uDerivatization 
uHydrogen-deuterium exchange
uHydrolysis (enzymatic, acid, base)
u Isotope Cluster
u In vitro systems (S-9, microsomes, hepatocytes 

and recombinant enzymes)
u LC-NMR (Continuous flow or stopped flow)

– Fast
– Reportedly sensitive (~200 ng)
– Amenable to automation
– Negate the need for isolation
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u Compound A, is a potent MTP 
inhibitor that decrease apo B 
secretion in human liver cells.

u Preliminary preclinical studies 
suggested that it is mainly 
eliminated by Phase I metabolism

u In vitro metabolism of compound 
A was investigated in HLM and 
recombinant CYP isoforms

u Metabolites were identified by 
electrospray LC/MS/MS and 
other wet chemistry techniques
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Product Ion Spectrum of Compound A
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Radiochromatograms of  (a) HPLC Purified 
M1 and (b) After Treatment with TiCl3
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Possible Structures for M3
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Radiochromatograms of (a) HPLC purified M3 
and (b) M3 treated with NaBH4 
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In Vitro Metabolic Pathways of Compound A 
in Human Liver Microsomes
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Example 2
MS Combined with H/D exchange and LC-NMR
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Compound 2: a tert butylbenzylpyridinyl-
sulfonamide
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u Compound 2 is a selective EP2 
agonist that is being developed 
to aid in the healing of bone 
fractures.

u As a drug development process 
we have studied the in vitro 
metabolism of CP-533,536 in 
human recombinant CYP 
isoforms

u Several spectroscopic 
approaches (LC-MS/MS, TOF,  
LC-NMR and H/D exchange) 
were used to identify 
metabolites
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HPLC Radiochromatograms of Metabolites 
of Compound B in CYP3A4 and 2C8
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CID Product Ion Spectrum of Compound BCID Product Ion Spectrum of Compound B
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1H NMR of Compound 2
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CID Mass and NMR Spectra of M26CID Mass and NMR Spectra of M26
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Proposed Metabolic Pathways of 
Compound B
Proposed Metabolic Pathways of 
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MS Combined with H/D exchange and LC-NMR
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Ø It is a partial agonist and 
partial inverse agonist of 
the GABA receptor

Ø Lacks anxiogenic or 
motor impairing 
properties

Ø Low to moderate 
clearance and low volume 
of distribution

Ø In vitro metabolism was 
investigated in HLM
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the GABA receptor

Ø Lacks anxiogenic or 
motor impairing 
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Ø Low to moderate 
clearance and low volume 
of distribution

Ø In vitro metabolism was 
investigated in HLM

Compound C: A Naphthyridine-3-Carboxylic 
acid Benzylamide 
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CID Spectrum of Compound CCID Spectrum of Compound C
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CID Mass Spectra for Parent and M8 and 
M13
CID Mass Spectra for Parent and M8 and 
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LC-NMR [1H] Spectra of Metabolites M8 
and M13
LC-NMR [1H] Spectra of Metabolites M8 
and M13
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Proposed Biotransformation Pathways of 
Compound 3
Proposed Biotransformation Pathways of 
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SummarySummary

u Demonstrated the use of LC/MS for the identification of 
metabolites of  three structurally different drugs.

u The Q-TOF allows on-line exact mass measurement of 
precursor and product ions

u Wet chemistry and in vitro techniques were found to be very 
useful for differentiation of regioisomeric and unusual 
structures

u Combination of LC/MS/MS with other analytical approaches 
(LC-NMR, H/D exchange, derivatization)  is a powerful tool 
for solving difficult problems encountered in the analysis of 
drug metabolites.

u LC-NMR was found to be very useful for structural 
characterization of unstable metabolites
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