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Pharmaceuticals and Personal Care Products (PPCP) are
environmental pollutants of growing concern. In order to properly
assess the effects of such compounds on our environment, it is
1-3
necessary to accurately monitor their presence.

Analysis of Beer by Comprehensive 2D-LC

HILIC Stationary Phases

Liquid Chromatography coupled to tandem Mass Spectrometry
(LC-MS/MS) is a preferred tool for the analysis of a wide range
of environmental pollutants. Here, a method is presented using
®
the AB SCIEX TripleTOF 4600 LC/MS/MS system to identify
and quantify selected PPCP in water samples. Different scan
functions are applied and compared with respect to selectivity,
sensitivity, accuracy, reproducibility, and confidence of
identification. Data was processed in MultiQuant™ and
®
PeakView software using a new mass spectral library
containing high resolution and accurate mass MS/MS spectra
®
acquired on a TripleTOF system

Introduction

LC-MS/MS is a powerful analytical tool for the analysis of a wide
molecular weight range of polar, semi-volatile and thermally
labile compounds, such as PPCP, pesticides, drugs of abuse,
perfluoroalkyl substances (PFAS), brominated flame retardants
(BFR), etc.

Quantitation and Identification of
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using Advanced TripleTOF® MS/MS Technology
Investigating Matrix Interference in Analysis
of Antiarrhythmic Cardiac Drugs in Plasma
®

The AB SCIEX TripleTOF 4600 system combines:

Fast Extraction of Metanephrine and
Normetanephrine from Synthetic Urine using
EVOLUTE EXPRESS CX in a 96 Fixed Well Plate
Prior to LC-ESI-MS/MS
A high performance triple quadrupole front-end containing the

• Industry-proven design of the Turbo V™ source and Curtain
Gas™ interface delivering unmatched robustness and
ruggedness when analyzing dirty samples while minimizing
carry-over and contamination.
•

®

QJet ion guide and a high pressure Q0 for best ion focusing
and transmission.

• A LINAC collision cell to accelerate product ions after
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of the
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®

now provide the ability to perform qualitative and quantitative
®
screening on a routine basis. TripleTOF technology combines
the best attributes of triple quadrupole and accurate mass TOF
analyzers in a single instrument allowing quantitation with triple
quadrupole-like performance (sensitivity, accuracy, linearity) and
at the same time high confidence identification based on

• A Calibrant Delivery System for fully automatic calibration of
the mass analyzer in MS and MS/MS mode.
• Powerful and intuitive data processing software for
quantitative and qualitative analysis.
• A new mass spectral library containing high resolution and

HILIC Stationary Phases
A common and useful classification of the HILIC stationary phases is on the basis of the presence of functional groups
on the surface and their charged state: they can be divided in unbounded and bonded phases, and these ones are
classified in neutral, charged, and zwitterionic phases.
Giorgia Greco

Thomas Letzel

The number of HILIC stationary phases available on the market
is growing every day, so that the selection of the appropriate
column can be, in some cases, not straightforward. A general
description of HILIC phases is “hydrophilic materials that can
hold water on their surface”, but they are not all equivalent. First
of all, the specific hydrophilicity of the material influences the
thickness of the water layer in which the partition of the analyte
can take place, with direct consequences on the retention. In
addition, the presence of polar or charged functional groups
contribute to electrostatic and hydrogen bond interactions.
Therefore, it is extremely important to select the HILIC material
on the basis of the chemical nature of the analytes to be
separated.
A helpful approach to choose the most suitable column is to
consider the type of phase material disclosed beyond the trade
name.
HILIC phases are silica or polymer-based and they can be
divided into two large groups: unmodified bare silica gels and
polar chemically-bonded phases. A scheme of the classification
of HILIC stationary phases is presented in Figure 1.

The first HILIC applications have been developed with
unmodified bare silica gels (Type A and B), and such kind of
phases are still among the most popular materials, in particular
for carbohydrate separations. Silica gels present silanol groups
that at mobile phase pH above 4–5 are deprotonated and they
can work also as cation-exchangers, so that positively charged
basic analytes are strongly retained.
Almost all column manufacturers and several research
groups have spent increasing efforts in the last years in the
development of polar chemically-bonded phases tailored
for specific applications. These phases are prepared by
derivatization of the support surface (silica or polymer) with
polar functional groups and they are conveniently classified
in neutral, charged and zwitterionic phases on the basis of the
charged state of the groups.
Neutral stationary phases contain polar functional groups
that are in neutral form in the range of pH 3–8, usually used for
the mobile phase in HILIC, and, thus, the retention is mainly
supported by hydrophilic interactions. Many HILIC stationary
phases belong to this category, which comprises a large variety

Figure 1

that are strongly retained owing to the high hydrophilicity of these phases.
Zwitterionic HILIC stationary phases are particularly versatile and they can
be considered the HILIC all purpose phases. Some of the zwitterionic phases
are commercialized under the trademarks ZIC-HILIC, ZIC-cHILIC, KS-polyMPC,
Obelisc R and Obelisc N.
Zwitterionic ligands comprise a permanent positive charged group and a
permanent negative charged group. These phases are particularly hydrophilic
but at the same time they have modest ion-exchange properties. For that
reason, they can be employed for the separation of neutral, acid and basic
analytes, as well as for the separation of inorganic ions.
A good rule for selecting the most appropriate HILIC phase is to keep in
mind that neutral analytes are in general less hydrophilic than charged ones,
and high hydrophilic phases are required for their retention, as charged,
zwitterionic and amide phases. In contrast, charged compounds are too
strongly retained on the charged columns due to electrostatic attractions, so
that neutral and zwitterionic phases give better results.
After the selection of the stationary phase one has to choose the elution
solvents, thus in the next instalments we will discuss the selection and
preparation of the mobile phase.
Next Tip: HILIC mobile phase: solvents

Figure 1: Classification of HILIC stationary phases.

of functional groups, such as the amide (TSK gel Amide-80), aspartamide
(PolyHYDROXYETHYL A), diol (YMC-pack Diol), cross-linked diol (Luna HILIC),
cyano (Alltima Cyano) and cyclodextrin (Nucleodex ß-OH) groups. They have
found application for the separation of oligosaccharides, peptides, proteins,
and oligonucleotides. Cyclodextrin phases are also used for HILIC chiral
separations.
Amino phases are among the principal HILIC charged phases. The functional
group is an aminopropyl ligand with a primary amino group that is positively
charged and shows high affinity for anionic acid compounds that can be
occasionally irreversibly adsorbed. In this case, the separation of charged
analytes is largely based on an anion-exchange mechanism. Amino phases can
also be successfully employed for the separation of neutral polar compounds

Giorgia Greco is currently a Post Doc researcher at the Analytical Research Group at the Technische
Universität München, Germany. She received a PhD in Chemistry at the University of Naples, Italy.
During her research, she specialized in the analysis and separation of metabolites from human and
food matrices, as well as of organic contaminants in waste water samples, by hyphenated RPLC/MS
and HILIC/MS techniques. She has also focused on the theoretical elucidation of the HILIC retention
mechanism with the aim of providing scientific bases for the fast development of HILIC separations.
Thomas Letzel, Associate Professor, is head of the Analytical Research Group at the Technische
Universität München, Germany. He received his PhD in Chemistry with Aerosol Analysis, worked
as Post-Doc performing pharmaceutical analysis, built up his research group in bioanalysis with
Habilitation in 2009 and extended his analytical experience from then in food and water analysis.
In all areas he developed novel analytical platforms based on LC–MS for the characterization of
organic molecules in complex matrices. Thereby techniques (such as HILIC or RP-UHPLC) are applied
for new analytical solutions often in direct flow-coupling with (bio)functional assays. He is the
author of more than 50 publications and two books.
Thomas Letzel wants to share his experience in liquid chromatography, especially in HILIC, with
the community to accelerate the dissemination about HILIC theory and practical handling.
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Abstract
This Application Note demonstrates the use of two-dimensional liquid chromatography for the separation of complex compounds mixtures inherent in commercially
available beer samples. Comprehensive two-dimensional liquid chromatography
is a versatile tool for the separation of samples of highest complexity with the
possibility to combine a large number of chromatographic separation mechanisms.
The separation of beer constituents with three different separation mechanisms is
demonstrated in this Application Note.

Analysis of Beer by Comprehensive 2D-LC
Company: Agilent Technologies
This Application Note demonstrates the use of two-dimensional
liquid chromatography for the separation of complex compounds
mixtures inherent in commercially available beer samples.
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using Advanced TripleTOF® MS/MS Technology
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Overview
Pharmaceuticals and Personal Care Products (PPCP) are
environmental pollutants of growing concern. In order to properly
assess the effects of such compounds on our environment, it is
1-3
necessary to accurately monitor their presence.
Liquid Chromatography coupled to tandem Mass Spectrometry
(LC-MS/MS) is a preferred tool for the analysis of a wide range
of environmental pollutants. Here, a method is presented using
®
the AB SCIEX TripleTOF 4600 LC/MS/MS system to identify
and quantify selected PPCP in water samples. Different scan
functions are applied and compared with respect to selectivity,
sensitivity, accuracy, reproducibility, and confidence of
identification. Data was processed in MultiQuant™ and
®
PeakView software using a new mass spectral library
containing high resolution and accurate mass MS/MS spectra
®
acquired on a TripleTOF system

Introduction
LC-MS/MS is a powerful analytical tool for the analysis of a wide
molecular weight range of polar, semi-volatile and thermally
labile compounds, such as PPCP, pesticides, drugs of abuse,
perfluoroalkyl substances (PFAS), brominated flame retardants
(BFR), etc.

®

The AB SCIEX TripleTOF 4600 system combines:
• Industry-proven design of the Turbo V™ source and Curtain
Gas™ interface delivering unmatched robustness and
ruggedness when analyzing dirty samples while minimizing
carry-over and contamination.
• A high performance triple quadrupole front-end containing the
®
QJet ion guide and a high pressure Q0 for best ion focusing
and transmission.
®

Triple quadrupole-based mass analyzers are popular for targeted
quantitation of environmental pollutants because of their high
selectivity and sensitivity when operated in Multiple Reaction
3
Monitoring (MRM) mode.
Advancements in LC-MS/MS technology, including hybrid
®
systems like quadrupole-quadrupole Time-of-Flight (TripleTOF ),
now provide the ability to perform qualitative and quantitative
®
screening on a routine basis. TripleTOF technology combines
the best attributes of triple quadrupole and accurate mass TOF
analyzers in a single instrument allowing quantitation with triple
quadrupole-like performance (sensitivity, accuracy, linearity) and
at the same time high confidence identification based on
accurate mass MS and MS/MS information.

• A LINAC collision cell to accelerate product ions after
collision to increase MS/MS speed and data quality.
• The innovative Accelerator TOF™ analyzer, a state of the art
accurate mass analyzer, combining speed with high mass
accuracy (2 ppm or less) and high resolution (30,000) of an
accurate mass instrument, even at low mass for better
analysis of small molecules.
• A Calibrant Delivery System for fully automatic calibration of
the mass analyzer in MS and MS/MS mode.
• Powerful and intuitive data processing software for
quantitative and qualitative analysis.
• A new mass spectral library containing high resolution and
®
accurate mass MS/MS spectra acquired on a TripleTOF
system.
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Quantitation and Identification of Pharmaceuticals and
Personal Care Products (PPCP) in Environmental Samples
using Advanced TripleTOF® MS/MS Technology
Company: AB Sciex
Pharmaceuticals and Personal Care Products (PPCP) are
environmental pollutants of growing concern. In order to properly
assess the effects of such compounds on our environment, it is
necessary to accurately monitor their presence.
Liquid Chromatography coupled to tandem Mass Spectrometry
(LC-MS/MS) is a preferred tool for the analysis of a wide range
of environmental pollutants. Here, a method is presented using
the AB SCIEX TripleTOF® 4600 LC/MS/MS system to identify
and quantify selected PPCP in water samples. Different scan
functions are applied and compared with respect to selectivity,
sensitivity, accuracy, reproducibility, and confidence of
identification. Data was processed in MultiQuant™ and
PeakView® software using a new mass spectral library
containing high resolution and accurate mass MS/MS spectra
acquired on a TripleTOF® system
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Investigating Matrix Interference in Analysis
of Antiarrhythmic Cardiac Drugs in Plasma
Craig Aurand
craig.aurand@sial.com

For efficient therapeutic drug monitoring, it is important for clinicians
to have access to fast and robust analytical methods for accurate
assessment of drug efficacy. Industrial trends toward highly specific
LC/MS applications over traditional immunoassay have resulted in the
need for high-speed chromatographic assays along with simplified
sample preparation methods. Often the limitation of a bioanalytical
technique is based upon the effectiveness of the sample preparation
technique. Plasma and serum samples are often susceptible to assay
irregularities due to matrix-induced interferences. In this study the
impact of matrix interference is investigated with respect to precision
and accuracy of antiarrhythmic cardiac drugs from plasma samples.

Therapeutic Drug Monitoring of Antiarrhythmic Drugs
The focus of the study reported here was to develop a bioanalytical
assay for antiarrhythmic cardiac drugs and associated metabolites from
plasma samples. The goal was to develop a robust analytical technique
that facilitates high throughput application with simplified sample
processing. Figure 1 shows the structures of the antiarrhythmic drugs
evaluated in this study. The utility of these antiarrhythmic drugs vary:
lidocaine is used for ventricular arrhythmias, flecainide is administered
for tachyarrhythmia, while amiodarone is utilized in both ventricular
and atrial cardiac dysrhythmias.1 Having an analytical method capable
of analyzing a range of antiarrhythmic agents allows for simplified
analysis while increasing the services the testing laboratory can offer.
This not only pertains to LC/MS analysis, but also to sample collection
and sample preparation.
Figure 1. Structures of Antiarrhythmic Compounds

these antiarrhythmic agents makes them ideal candidates for HILIC
(hydrophilic interaction) chromatographic separation. The benefit
of HILIC over traditional reversed-phase chromatography is twofold for both sample introduction and analyte detection.2 First, the
high acetonitrile concentration of HILIC mobile phases allows for
direct analysis of precipitated plasma samples without the need for
additional sample solvent exchange. Second, the high acetonitrile
content provides increased analyte response in positive ESI MS
detection. Of the various HILIC-mode columns tested, method
development for this assay determined the Ascentis® Express HILIC,
2.7 µm particles, provided the best chromatographic resolution of
the antiarrhythmic drugs while maintaining high peak efficiency for
enhanced detection levels.
Once the chromatographic and LC/MS conditions had been optimized,
the second part of this study was to evaluate the effectiveness of
sample preparation and the impact of sample matrix on the assay.
Often when dealing with plasma samples, endogenous matrix such
as phospholipids can cause irreproducibility in quantitation due to
ionization-suppression effects. Coelution of endogenous matrix with
target analytes can result an arbitrary decrease in the response of
target analytes, thus decreasing the overall accuracy of the method.3
The determination of matrix interference is a critical aspect in any
bioanalytical method development. In this case, a standard protein
precipitation method was compared with hybrid zirconia coated silica
particles in 96-well SPE format for processing the plasma samples prior
to LC/MS analysis.

Experimental
Standard Solutions
Standard solutions were prepared from a stock standard in (3:1)
1% formic acid acetonitrile:water at a level of 10, 50, 100, 200 and
300 ng/mL.
Preparation and Extraction of Plasma Samples
Rat plasma stabilized with K2EDTA was acquired from Lampire
Biological Laboratories (Pipersville Pa). Plasma was spiked directly
from stock standard to a level of 400 ng/mL of each analyte.
Concentration of final sample work up in both techniques is
equivalent to 100 ng/mL.
Standard protein precipitation method: Apply 100 µL of spiked
plasma to centrifuge vial, followed by 300 µL of 1% formic acid
in acetonitrile. Agitate via vortex for two minutes, place vial
in centrifuge and spin at 15,000 rpm for 2.5 minutes. Collect
supernatant and analyze directly.

Analytical Approach
The first part of the study focused on the chromatographic
conditions for resolution of lidocaine, flecainide, amiodarone and
the associated metabolite, desethylamiodarone. The basic nature of

HybridSPE®-Phospholipid 96-well method: Apply 100 µL of spiked
plasma to the well, followed by 300 µL of 1% formic acid in
acetonitrile. Agitate via vortex for four minutes, place on vacuum
manifold and apply 10" Hg vacuum for four minutes. Collect filtrate
and analyze directly.
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Investigating Matrix Interference in Analysis
of Antiarrhythmic Cardiac Drugs in Plasma
Company: Supelco/Sigma-Aldrich
For efficient therapeutic drug monitoring, it is important for
clinicians to have access to fast and robust analytical methods
for accurate assessment of drug efficacy. Industrial trends toward
highly specific LC/MS applications over traditional immunoassay
have resulted in the need for high-speed chromatographic
assays along with simplified sample preparation methods. Often
the limitation of a bioanalytical technique is based upon the
effectiveness of the sample preparation technique. Plasma and
serum samples are often susceptible to assay irregularities due to
matrix-induced interferences. In this study the impact of matrix
interference is investigated with respect to precision and accuracy
of antiarrhythmic cardiac drugs from plasma samples.
Fast Extraction of Metanephrine and Normetanephrine from
Synthetic Urine using EVOLUTE EXPRESS CX in a 96 Fixed
Well Plate Prior to LC-ESI-MS/MS
Company: Biotage
The normalized metabolite concentrations of epinephrine
and norepinephrine precursors have common utility in clinical
diagnostics related to neuroendocrine tumors. Of particular
interest are the selected metabolites metanephrine and
normetanephrine. The challenges in population screening
for these metabolites are time, cost and efficacy of sample
preparation strategies required for trace level determinations
(pg(mL-ng/mL levels) by liquid chromatography-tandem mass
spectrometry
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This talk will focus on the PACER platform showing how exception based reporting
provides better data integrity, reproducibility and speed to report for the laboratory.
Through novel peak detection algorithms PACER virtually eliminates the need
for time consuming and often arbitrary based re-integrations. Comparative
demonstrations of the PACER software will be shown as part of the presentation.
Click here >>
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