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INTRODUCTION

Over the years, reactive metabolites are believed to
have played an important role in the safety profile of
pharmaceuticals. Chemically reactive metabolites of a
drug can bind to proteins or DNA which is postulated
to result in various direct and idiosynchratic toxicities.
Therefore, this represents a key target for early
screening to help prevent compound failure at a later
stage. In order to address this issue, an assay has
been developed to detect the formation of reactive
metabolites by using LC/MS/MS with exact mass
measurement to search for metabolites conjugated
with  glutathione from in-vitro incubations (Figure 1).
Glutathione conjugates when fragmented by collision
induced decomposition give a common loss
corresponding to the pyroglutamic acid moiety
(Figure 2), which can be easily monitored. Until
recently, this work has been carried out with triple
quadrupole technology using nominal mass. The
advantage of the hybrid quadrupole time of flight
mass spectrometer is the selectivity and sensitivity that
can be achieved with it (Figure 3). Exact neutral loss
detection is achieved via sequential low and high
energy MS acquisitions (Figures 4, 5). When the loss
of the pyroglutamic acid moiety is detected on the
high energy scan with a window of ±20 mDa, then
MS/MS is carried out on the parent mass of interest
to confirm the common neutral loss. In this
presentation, we will present data to substantiate this
approach and also how exact mass measurement
can help to identify and postulate putative
metabolites.The test substrates used herein were
acetaminophen, troglitazone and raloxifene.

Figure 1. Strategy for detection and identification of
Phase I and II metabolites including specific search
for exact mass neutral loss

Figure 2. Displays an example for the loss of
pyroglutamic acid used in GSH screening

Figure 3. Exact mass neutral loss on a Q-Tof™
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Figure 4. Exact neutral Loss BPI for Acetominophen-GSH1

Figure 5. Single Scans to show exact mass NL on-the-fly
for Acetominophen-GSH

METHOD

MS Conditions

Mass Spectrometer: Waters® Micromass®

Q-Tof Ultima™

Ionization Mode: Positive ion ESI, mass 
range 50-850 amu

Capillary Voltage: 3.1 kV

Cone Voltage: 35 V

Source Temperature: 100 °C

Desolvation Temperature: 250 °C

Lock Mass: Leucine Enkephalin , M+H 
@ 556.2771 1 ng/µL 
concentration

LC Conditions

Solvent Delivery System: Waters 2795 Separations 
Module

Mobile Phase A : Water +0.1% Formic acid

Mobile Phase B : MeCN +0.1% Formic acid

Gradient:

Time A% B% C% D% Flow Curve

0.00 100.0 0.0 0.0 0.0 0.200 1

0.50 100.0 0.0 0.0 0.0 0.200 6

4.00 80.0 20.0 0.0 0.0 0.200 6

8.00 5.0 95.0 0.0 0.0 0.200 6

11.00 5.0 95.0 0.0 0.0 0.200 6

11.10 100.0 0.0 0.0 0.0 0.200 6

15.00 100.0 0.0 0.0 0.0 0.200 6

Column: Waters Atlantis™

2.1 mm x150 dC18

Injection Volume: 20-40 µL

Samples
Incubations were performed with human liver
microsomes (1 mg/mL) and GSH at 10 mM. The
substrates used were Acetominophen,Troglitazone
and Raloxifene at different concentrations: 100, 50,
1 µM. The co-factors were: 2 mM NADPH and 
3 mM MgCl. The samples were incubated at 37 ºC
for 90 minutes.

The reaction was stopped by adding acetonitrile
with acetic acid, then the samples were centrifuged
at 15,000 rpm for 20 minutes and the supernatant
collected for LC/MS/MS analysis.
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RESULTS

• From the low CE energy scan we were able to
detect the Phase I and Phase II metabolites
(Figures 6,7).

Figure 6. Hydroxylation metabolite for Troglitazone

Figure 7. Reduction metabolite for Troglitazone

• Mass Accuracies were better than 3 ppm for the
detected Glutathione metabolites (Table 1).

Table 1. Showing mass accuracies for detected 
GSH-conjugates

• Moreover, all the GSH incubates were spiked
together in one vial and when analyzed by this
method it showed the specificity of exact mass
only switching on the exact peaks corresponding
to the conjugates of interest (Figures 8,9).

Figure 8. Sample pooling for Acetaminophen 
50 µM, Troglitazone 50 µM and Raloxifene 100 µM

Compound GSH conjugate m/z found Error ± mDa Error ± ppm

Acetoaminophen 457.1407 0.87 1.9

Troglitazone 747.2360 0.97 1.3

Raloxifene 779.2399 2.20 2.8
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Figure 9. Exact mass MS/MS for sample pooling for
Acetaminophen 50 µM, Troglitazone 50 µM and
Raloxifene 100 µM

• Sensitivity is also important and we showed an
example where Troglitazone was incubated at
1 µM and it was successfully detected (Figure 10).

Figure 10. Exact mass Neutral Loss for Troglitazone
at 1µM incubation2

CONCLUSIONS

• This is a highly selective and sensitive method for
screening of specific conjugations such as GSH
by exact mass 

• Exact mass provides good selectivity and
generated rich structural information

• Information from Phase I xenobiotics is kept because
the data is aqcuired in full scan exact mass

• With this approach there are no limitations to the
number of exact mass neutral loss acquisitions
which may be carried out on a single scan
because the experiments are based upon DDA™

(Data Dependant Analysis)
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