
INTRODUCTION

The drug discovery industry widely uses LC-MS 
as an analytical technique due to its inherent 
sensitivity and selectivity. This technique has 
revolutionised areas of the drug discovery process, 
in particular lead optimisation, where tandem 
quadrupole mass spectrometry is widely used to 
generate ADME information for new compounds. 
With LC-MS/MS, quantitative data is usually 
provided by MRM experiments. One disadvantage 
of this approach is that no qualitative information 
is available from a single analytical MRM 
experiment. There is potential to overcome this by 
the use of LC to coupled orthogonal acceleration-
time of flight (oa-Tof) mass spectrometers, 
which can provide both sensitive and accurate 
qualitative and quantitative information from a 
single analysis. Previously, attempts to use LC-Tof 
instruments have been restricted by the limited 
dynamic range of these instruments, which lead to 
errors in quantification at high drug or metabolite 
concentrations. 

Here we present data using an LC-Tof system 
with extended dynamic range capability that 
extends the utility of this technology for metabolism 
studies. Time course samples from human 
microsomal incubations of 5 drug candidates 
were analysed by LC-Tof. The drug candidates 
selected were verapamil, clozapine, glyburide, 
dextromethorphan and ketoconazole. Extracted 
mass chromatograms for the parent drugs were 
used to allow peak integration and the plotting 
of the drug response with time. Using the exact 
mass capability of the oa-Tof, narrow mass 
windows for the extracted chromatograms were 
used to minimise the potential for interference 
from the sample matrix. As the oa-Tof acquires 
full mass spectra, it was then possible to examine 
the data for the compounds that exhibited poor 
metabolic stability to determine the major routes of 
metabolism. Exact mass measurement was used to 
help correctly identify the metabolites.

A newly developed bench top oa-Tof (orthogonal 
acceleration time of flight) mass spectrometer 
was used, which incorporates new hardware and 
software control technology to meet the increased 
analytical demands of the pharmaceutical industry. 
The high duty cycle of Tof is utilised for qualitative 
studies, generating full spectra at high mass 
accuracy (< 3ppm RMS). The highly specific data 
generated provides an extra degree of information 
that aids interpretation of the data. Real time 
exact mass centroid data acquisition with positive 

DISCUSSION

The parent drugs verapamil, clozapine, glyburide, 
dextromethorphan and ketoconazole were 
incubated in vitro using human S9 microsomes. 
The rate of clearance for each parent drug has 
been determined. For the results shown, the route 
and rate of the metabolites formed for verapamil 
have been concentrated on. Using oa-Tof with 
full spectra ion accumulation enables all the 
metabolites formed to be determined with good 
sensitivity. For a drug compound that has not 
previously been metabolised, some metabolites 
may be predicted and it may be possible to make 
an assumption of the MRM transitions required to 
determine the presence of predicted metabolites. 
However it is often necessary to characterise 
the MS/MS fragmentation before a suitable 
MS/MS transition can be set up. Full spectra 
acquisition with oa-Tof allows a generic method 
to be used, provides high sensitivity and also 
enables previously unknown metabolites to be 
detected. All minor and major metabolites over a 
full selected mass range can be determined. For 
verapamil metabolites from m/z 277 to m/z 617 
have been shown to be determined, where the 
peak area response varied from 4, for metabolite 
H (hydroxylated) to 5378 for metabolite J (de-
methylated). Clearly showing how oa-Tof can 
be used to determine metabolites over a large 

DRE
LENS

Figure 1. Oa-Tof schematic (W mode > 10000 FWHM).

A FULLY AUTOMATED STRATEGY FOR SIMULTANEOUS DETERMINATION OF 
ROUTE AND RATE OF METABOLISM USING LC-TOF

Mike McCullagh
1

, Jose Castro-Perez
1*

, Andrew Baker
2

, Jennifer Granger
2

 
1

Waters Corporation, MS Technologies Centre, Manchester, UK; 
2

Waters Corporation, Milford, Massachusetts, USA

operation are automated and transparent to 
the user, allowing the easy 24–7 operation 
of quadrupoles to be extended to oa-Tof. The 
mechanism by which DRE performs is represented 
schematically in Figure 3, and the DRE lens is 
shown in Figure 2. Dynamic range enhancement is 
simply “sensitivity switching.” This novel approach 
allows the dynamic range to be increased without 
compromising resolution (>10000 FWHM). During 
an acquisition the voltage applied to the DRE lens 
is switched rapidly between two values, resulting 
in high and low intensity data being produced 
for alternating ion accumulations. Typically 2% 
of the ion beam is transmitted to the analyser 
region, during the reduced transmission state. 
The transmission switch allows any saturated high 
intensity data to be transparently replaced by low 
intensity data, which has been corrected for the 
transmission switch. The result is normal spectra 
and chromatograms that include high intensity 
peaks, which would have normally been saturated.

EXPERIMENTAL

Mass Spectrometer HPLC

LCT Premier™ oa-Tof Waters® Alliance® HT 2795

HPLC

Column:  Waters Symmetry® C18 (100 mm x 2.1 mm, 3.5 µm particle size)

Column temperature:  35 °C 

Flow:  0.3 mL/min

Mobile phase:  B [MeCN (0.1% Formic Acid)]: A [H2O (0.1% Formic Acid)]

Gradient:  0–0.50 min: 2% B; 0.5–20 min: 80% B; 20–30 min: 80% B, 
 30–30.5 min 2% B, 30.5–35 min 2% B

MS

Ionization Mode:  ESI Voltage +ve =3 kV

Sample cone voltage:  100 V

Reference mass:  Leucine enkephalin, [M+H]+ =556.2771

Acquisition Parameters:  100–1000 M/Z  1 spectrum/second     
 5000 FWHM      0.1 second inter scan delay

Incubation

• Human microsomes/S9
• 37 °C shaking water bath 
• Buffers (50–100 mM Tris or K Phosphate) @ pH 7.4 
• NADPH regenerating system (NRS) in 2% NaHCO3 (Sigma S-5761) solution containing: 

0.5 mg/mL b-NADP (Sigma N-0505) 
2.0 mg/mL Glucose-6-phosphate (Sigma G-7879) 
1.5 units/mL Glucose-6-phosphate dehydrogenase (Sigma G-7877) 

• Equal volume MeCN quench.
• Drug concentration 100 µL 0.1 mg/mL (final quench volume 2 mL)
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response range and mass range in one acquisition. 
In the case of the intrinsic clearance of clozapine 
the initial parent drug peak area response was 
47396 and the final time course point gave 
a peak area response of 255 at 60 mins. 
Examples of the exact mass responses obtained 
to determine the route and rate of metabolism for 
verapamil were shown in Figure 11. The enhanced 
functionality DRE has enabled the dynamic range 
for which exact mass measurement is performed, 
to be increased. Ion intensities ranging from 
73200 to 17000 are shown and in all cases the 
mass measurement error obtained is < 3 ppm. This 
enables quantitative results to be obtained as well 
as specific mass measurement data to be obtained 
with < 3ppm error over four orders of dynamic 
range. Evidence of an M+2 metabolite (I) was 
also found eluting at 9.0 minutes for verapamil, 
for which the elemental composition determined 
was C26H37N2O5, further confirmation of the 
formation of this metabolite is shown from the 
presence of cleaved metabolite (B) eluting a 
 6.5 minutes, for which the elemental composition 
determined was to be C16H25N2O3. Exact mass 
measurement within 3 ppm error specifically shows 
that the elemental composition for metabolite (I) 
contains one less carbon atom, two less hydrogen 
atoms, but one more oxygen atom to produce the 
M+2 metabolite. Such rapid identification of the 
metabolite formed could not be achieved using 
nominal MS/MS mass measurement.

CONCLUSION

• Oa-Tof can be used for quantitative and 
qualitative analyses.

• Analysis has been performed in centroid 
acquisition mode and exact mass measurement 
performed in real time.

• Mass measurement errors of < 3ppm have been 
obtained routinely and consistently.

• The highly specific nature of exact mass 
measurement enables elemental compositions 
to rapidly be determined and therefore 
absolute confidence in producing the correct 
identification of metabolites formed.

• DRE extends the dynamic range for which 
exact mass measurement can be made to 4 
orders, enabling specific routine route and rate 
determination.

• The LCT Premier oa-Tof with integral LockSpray 
and independent reference mass acquisition 
enables the routine acquisition of highly 
specific data.
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Figure 2. Schematic of the LCT Premier™ LockSpray™ 
source.

Pumping 
aperture

Z-focus 
lens

Pusher 
entrance

Pusher Pumping 
aperture

Z-focus 
lens

Pusher 
entrance

Pusher 

High Transmission State

Low Transmission State

Z Focus Lens Reduces the Ion Transmission to approx 2%

NORMAL

ATTENUATED

Figure 3. Schematic representation of DRE.
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Figure 4. Extracted mass chromatograms for metabolites 
formed for the in vitro incubation of verapamil.
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Figure 5. Extracted mass chromatograms for metabolites 
formed for the in vitro incubation of verapamil.
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Figure 6. Exact mass spectra for metabolites formed for 
the in vitro incubation of verapamil at 15 min, 30 min 
and 60 min.
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Figure 7. Exact mass spectra for metabolite (C) formed 
for the in vitro incubation of verapamil at 15 min, 
30 min and 60 min.
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Figure 8. Exact mass spectra for the un-metabolised 
parent drug the in vitro incubation of verapamil at 
15 min, 30 min and 60 min.
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Figure 9. Formation of in vitro metabolites of verapamil.
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Figure 10. In vitro clearance of glyburide, clozapine, 
dextromethorphan and ketoconazole.
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Figure 11. DRE exact mass spectra for metabolites 
formed for the in vitro incubation of verapamil at 15 min.

ion electrospray has been used for the study 
undertaken. The schematic of the LCT Premier 
with the analyser in W geometry is illustrated in 
Figure 1. The dynamic range enhancement (DRE) 
with this instrument operates routinely with an 
integral dual reference sprayer (LockSpray) source 
shown in Figure 2. Both DRE and LockSpray 

RESULTS

Presented in Figures 4 and 5 are a selection 
of the metabolites determined to be formed for 
the in vitro incubation of verapamil. For each 
metabolite shown the exact extracted mass 
chromatogram is shown. The un-metabolised 
parent is labelled (A). The metabolites shown are 
identified as follows; (B) cleaved N-de-alkylation/
hydroxylation; (C) cleaved/de-methylation; 
(D) cleaved; (E) glucuronidation/de-ethylation; 
(F) de-ethylated; (G) glucuronidation/de-
methylation; (H) hydroxylation; (I) de-alkylation/
hydroxylation; (J) de-methylation. In a number of 
cases isomeric metabolites were also observed, 
the major metabolite isomers have been used 
here to illustrate this. For metabolite C the exact 
mass measurements obtained over the time course 
periods 15 mins, 30 mins and 60 mins are 
shown for verapamil along with the intensities in 
Figure 6. In this case for each time period analysis 

metabolite C was identified within 1ppm. The 
responses and exact mass measurements obtained 
over the time course periods 15 mins, 30 mins and 
60 mins are shown for metabolite B of verapamil 
in Figure 7. For each time period analysis 
metabolite B was identified within 2 ppm over 
the response range obtained. The un-metabolised 
parent was also profiled and for all three time 
periods the parent was correctly determined within 
2 ppm as seen in Figure 8. As can be seen from 
Figure 9 the time course peak area responses 
of metabolites B to J have been determined for 

a three order response range and clearly shows 
the dynamic range and sensitivity that can be 
obtained using full spectra ion accumulation with 
oa-Tof. The intrinsic clearance of the glyburide, 
clozapine, dextromethorphan and ketoconazole is 
presented in Figure 10. From Figure 11 examples 
of DRE exact mass spectra are shown for the 
15 min time course incubation of verapamil, the 
spectra were taken at the peak top for maximum 
intensity. The intensities (ion counts) obtained for 
the metabolites were D (73200), J ( 69100), 
A (27500) and C (17000).

Lynn Landry
Note
Print at 200% for final size of 72" x 36".
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