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Introduction

Recent advances in the field of mass spectrometry have
enhanced and expanded the capabilities of triple stage
quadrupole (TSQ) mass spectrometers. These innovations
include using linear ion traps to increase the product ion
sensitivity; using high-Field Asymmetric waveform Ion
Mobility Spectrometry (FAIMS) to increase the selectivity;
and, more recently, using reverse energy ramp (RER)
scanning to increase the product ion sensitivity. In addition,
software developments, such as SRM-triggered data
dependent scanning, have enabled the simultaneous
acquisition of quantitative SRM data and qualitative 
product ion mass spectra on a TSQ instrument. 

This application note
describes the quantitation
of loperamide (Figure 1),
an anti-diarrheal agent, 
in mouse plasma and the
simultaneous identification
of its metabolites. Both
data dependent scanning and reverse energy ramp
scanning have been used to enhance the product ion
sensitivity on a triple stage quadrupole mass spectrometer.
Quantitation-Enhanced Data-Dependent MS/MS 
(QED-MS/MS) scanning delivers an information rich 
mass spectrum that can be used to confirm the existence
of compounds while they are being quantified (Figure 2).

When a particular SRM transition reaches a predefined
intensity threshold, the instrument automatically triggers
QED-MS/MS, using the reverse energy ramp scan function.
The RER scan function linearly reduces the amount of
collision voltage (energy) while the product ions are scanned
from low to high mass (Figure 3). By using this scan
function, the fragments are created with “normalized”
collision energy. The product ions are created more efficiently,
resulting in higher sensitivity and richer product ion spectra.

Goal

To explore the potential of simultaneous metabolite
identification and quantitation of a parent drug by using 
a triple stage quadrupole mass spectrometer.
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Figure 1. Structure of loperamide

Figure 2: Schematic of QED-MS/MS

Figure 3: Schematic of RER scan

Feature: In most cases, the smaller mass fragments need more energy
to be created than the larger fragment ions. The RER scan function
linearly reduces the amount of collision energy while the product ions
are scanned from low to high mass. When scanning in this manner, the
fragments are created with normalized collision energy.

Benefit: More sensitive and increased fragmentation for better
structural elucidation and library creation and searching.



Experimental Conditions

Loperamide was administered intravenously to mice at 
1 mg/kg. An SRM-triggered product ion scan with reverse
energy ramp scanning was used to simultaneously identify
and quantify loperamide metabolites in mouse plasma.

Sample Preparation

To prepare the sample, 25 µL of mouse plasma was
precipitated using acetonitrile and the mixture was
centrifuged. Then, 10 µL of supernatant was injected 
into the LC-MS/MS.

HPLC

HPLC analysis was performed using the Thermo Scientific
Surveyor™ HPLC system. Each 10 µL sample was injected
onto a Thermo Scientific Hypersil GOLD™ 2.1 × 150 mm
column (3 µm particle size). A gradient LC method used
mobile phases A (0.1% formic acid in water) and B (0.1%
formic acid in acetonitrile) at a flow rate of 500 µL/min.
The gradient was as follows (time, %B): (0, 5) (0.1, 5)
(15, 100) (17, 100) (17.1, 5) (20, 5).

MS

MS analysis was carried out on a Thermo Scientific TSQ
Quantum Ultra™ triple stage quadrupole mass spectrometer
with a heated electrospray ionization (H-ESI) probe. The
MS conditions were as follows:

Ion Source Polarity: Positive ion mode
Spray Voltage: 255 V
Vaporizer Temperature: 475 °C
Sheath Gas Pressure (N2): 75 units 
Auxiliary Gas Pressure (N2): 30 units
Ion Transfer Tube Temperature: 350 °C

The SRM data dependent scan conditions were as follows: 

Minimum Signal Required: 15,000.0
Dynamic Exclusion Settings: 

Repeat Count: 2
Repeat Duration: 0.70 min
List Size: 25
Exclusion Duration: 0.10 min

The SRM transitions that were monitored are summarized
in Table 1.

Precursor Ion (m/z) Product Ion (m/z)

449.15 182.00

449.15 238.00

463.15 196.00

463.15 252.00

465.15 198.00

465.15 254.00

477.15 210.00

477.15 266.19

479.15 268.00

479.15 252.00

493.15 252.00

493.15 282.00

Table 1: SRM transitions

Figure 4: Chromatograms of loperamide and metabolites in mouse plasma



Results and Discussion

With the QED-MS/MS scanning and RER techniques, five
metabolites of loperamide were characterized with high
quality product ion spectra, and time course profiles of
loperamide and its metabolites were obtained simultaneously.

Figure 4 shows representative SRM chromatograms
for the analysis of loperamide and its five metabolites in

mouse plasma. Clearly identifiable and quantifiable peaks
were observed. The calibration curve data is displayed in
Figure 5. The weighted (1/x) calibration curve was
quadratic over the concentration range with a correlation
coefficient (R2) of 0.9984. 

Figure 5: Calibration curve of loperamide in mouse plasma

Figure 6: Concentration profiles of loperamide and metabolites in mouse plasma after intravenous administration at 1 mg/kg



The plasma concentration-time profiles for loperamide
and its five metabolites were determined after intravenous
administration at 1 mg/kg (Figure 6). The product ion
spectra of loperamide and its five metabolites obtained by
using the QED-MS/MS and RER techniques are shown in
Figure 7. The spectra have rich fragment information,
which facilitates the structure elucidation of the metabolites.

Conclusion

Quantitation-Enhanced Data-Dependent MS/MS scanning
on a triple stage quadrupole mass spectrometer enables
simultaneous metabolite identification and quantitation of
a parent drug. The selectivity provided by this technique
helps to increase the detection of metabolites. When the
QED-MS/MS and RER techniques are coupled, the
structure and concentration profiles of parent drugs and
metabolites can be obtained simultaneously, thus increasing
the bioanalytical throughput in drug discovery laboratories.

In addition to these 

offices, Thermo Fisher

Scientific maintains 

a network of represen-

tative organizations 

throughout the world.

Africa
+43 1 333 5034 127
Australia
+61 2 8844 9500
Austria
+43 1 333 50340
Belgium
+32 2 482 30 30
Canada
+1 800 530 8447
China
+86 10 8419 3588
Denmark
+45 70 23 62 60 
Europe-Other
+43 1 333 5034 127
France
+33 1 60 92 48 00
Germany
+49 6103 408 1014
India
+91 22 6742 9434
Italy
+39 02 950 591
Japan 
+81 45 453 9100
Latin America
+1 608 276 5659
Middle East
+43 1 333 5034 127
Netherlands
+31 76 579 55 55
South Africa
+27 11 570 1840
Spain 
+34 914 845 965
Sweden / Norway /
Finland
+46 8 556 468 00
Switzerland
+41 61 48784 00
UK 
+44 1442 233555
USA 
+1 800 532 4752

www.thermo.com

AN62736_E 09/08M

Part of Thermo Fisher Scientific

Thermo Fisher Scientific,
San Jose, CA USA is ISO Certified.

Legal Notices
©2008 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific Inc. and its subsidiaries. 
This information is presented as an example of the capabilities of Thermo Fisher Scientific Inc. products. It is not intended to encourage use of 
these products in any manners that might infringe the intellectual property rights of others. Specifications, terms and pricing are subject to change. 
Not all products are available in all countries. Please consult your local sales representative for details.

View additional Thermo Scientific LC/MS application notes at: www.thermo.com/appnotes

Figure 7: Product ion spectra of loperamide and metabolites using RER


