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Preface

The aim of this book is to give a balanced account of the application of HPLC
with electrochemical detection (ED) in analytical toxicology and associated areas,
including therapeutic drug monitoring, drug metabolism and pharmacokinetic
studies. Many other reviews, book chapters and other sources of information
on ED in HPLC tend to give an instrument manufacturer’s view, not the view
of the analyst, or are devoted to the analysis of easily oxidised species, such as
catecholamines and related compounds. The emphasis in this monograph is on
exogenous compounds, although catecholamines and other endogenous species are
sometimes discussed to exemplify particular approaches or when such compounds
have been used as drugs.

Although ED can give high sensitivity and selectivity and can be relatively
inexpensive in operation, it is not an easy technique to use, the ever-present
concerns being electrode deactivation or other more subtle factors that may act to
influence response. The authors all have experience of using HPLC with both
amperometric and coulometric detectors. This volume gives practical and useful
information on the applications and limitations of the technique in the analysis of
drugs and poisons in biological and related specimens, which tends to pose different
problems to those encountered in the analysis of catecholamines and of pharma-
ceutical preparations.

Introductory chapters give information on basic electrochemistry and HPLC-ED,
and on the specialised area of HPLC-ED of thiols. The major portion of the book
is devoted to summary details of over 400 published HPLC-ED methods that
are discussed in a standard format (column, eluent, internal standard, ED con-
ditions, extraction procedure, limit of quantitation, efc.). These data are not always
available via published abstracts and, wherever possible, sufficient information is
given for the reader to decide whether a particular approach is worth pursuing.
Chemical structures are given for most analytes and internal standards to ensure
unambiguous identification and to illustrate possible electroactive moieties.
Problems and pitfalls, and alternative techniques when appropriate, are emphasised
throughout. Literature coverage is comprehensive up to the end of 2003.
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CHAPTER 1

General Introduction

1 Introduction

Electrochemical detection (ED) is used for the sensitive detection and measurement
of electro-active analytes in many areas of analytical chemistry and biochemistry.
These applications range from electrode sensor devices via tflow injection analyses
(FIA) to direct measurements of neurochemicals in brain tissue using in vivo cyclic
voltammetry. In separation science, ED is used to detect and measure responsive
analytes in flowing streams following analysis by high-performance liquid chro-
matography (HPLC) or capillary electrophoresis (CE). The use of ED with HPLC
is by far and away the most important application of ED in flowing systems
(Tables 1.1 and 1.2). The use of HPLC-ED grew by 500% between the 1980s and
the 1990s. However, its popularity should be compared to some 20,000 papers that
employed HPLC in combination with fluorescence detection and some 10,000 with
MS detection (the most rapidly increasing combination at present). Most published
HPLC methods use UV/visible detection, but the numbers are more difficult to
quantify as this is not always made explicit in titles or abstracts.

Unlike UV or fluorescence detectors, ED does not exploit a physical property of
an analyte, but an induced chemical change that results from an electrochemical
reaction. ED must, therefore, be considered to be a type of post-column chemical
reaction detector. ED differs, however, from other post-column reactors used in
HPLC in that no reagents (other than electrons) or reaction devices are normally
required to effect the chemical change in the analyte. In addition, the reaction
kinetics are usually fast leading to minimal extra-column effects.

General aspects of electrochemistry have been covered in a number of books.
In addition, the principles of ED when specifically applied to HPLC and/or CE have
been reviewed.'™ A brief overview of this area is given in Chapter 3.

With UV detectors, selectivity is adjusted by varying the detection wavelength,
lower wavelengths often giving enhanced sensitivity and a response from a wider
range of analytes. A modest degree of selectivity is achieved by using UV detection
in the aromatic region (240-270 nm) and traditionally 254 nm has proved popular.
However, at lower wavelengths (200-210 nm), the absorption of the eluent, of
other eluent constituents or of oxygen become limiting. Relatively few compounds
show useful absorption at wavelengths higher than 340 nm (the lower limit of the



2 Chapter 1

Table 1.1 Publications on electrochemical detection used
with different analytical modes

Method No of publications
ED + HPLC 9189
ED + CE 180
ED + FIA 111
ED -+ sensors 171
ED + nanotechnology 100

(Data based on a search of SCIRUS Database, December 2003 and a personal
CE database (D. Perrett))

deuterium lamp emission). Generally, responses are usually independent of eluent
conditions. In EC detection both sensitivity and selectivity are adjusted by varying
the potential maintained between the working and reference electrodes, higher
potentials, up to a local maximum, giving increased sensitivity. However, higher
potentials usually induce a response from more compounds and therefore com-
promise selectivity. In oxidative mode, oxidation of eluent constituents becomes
limiting at higher applied potentials, whilst in reductive mode, interference from
dissolved oxygen can prove difficult to exclude. The response at the electrode is
also very dependent on the eluent composition, especially its pH. Thus, as in all
analytical methods, it is the signal-to-noise (S/N) ratio that is important and the
detection conditions eventually adopted for a separation are a compromise between
the electrochemical response of the analyte, the optimum eluent for both detection
and elution, and interference from the sample matrix or from noise or drift from
electronic or other sources.

Table 1.2 Literature publications on applications of electro-
chemical detection, 1980-2003

Applications No of publications
Pharmaceuticals 3222
Clinical chemistry 1890
Neuroscience 1478
Biochemistry 1405
Chemical 2881
Environmental 1136
Industrial 829
Forensic 201

(Data based on a search of SCIRUS, December 2003)



General Introduction 3

In HPLC-ED the column eluate flows over the surface of an ‘inert’ electrode
maintained at an appropriate positive or negative potential relative to a reference
electrode. At the electrode surface analytes possessing electroactive functional
groups undergo oxidation or reduction (oxidation being loss of electrons and
vice versa). The electrons released (or donated) travel via the electrode and the
change in current can be measured and related to the concentration of the
analyte. Modern electronics allow the applied (working) potential to be held
within very tight limits while at the same time measuring and amplifying the
very small currents created. Hence these detectors can be very sensitive. A crude
comparison of the sensitivity and applicability of the most common HPLC
detectors towards favoured analytes under similar analytical conditions is given
in Table 1.3. Both EC and fluorescence detectors can be at least 100 times more
sensitive towards responsive compounds than a standard UV detector and are
much more selective. Unfortunately, with time EC reaction products tend to
accumulate at the electrode surface leading to loss of activity and hence loss of
detector response — this is the major reason EC detection remains a relatively
specialised field.

2 HPLC-ED in Analytical Toxicology

HPLC is widely used in analytical toxicology. UV/visible absorption (including
diode-array and scanning instruments) and fluorescence detection remain of
paramount importance, with pre- or post-column derivatisation sometimes being
used to enhance sensitivity and/or selectivity. Modern UV detectors are in the main
a considerable improvement on their predecessors. HPLC-MS and HPLC-MS-MS
are being used increasingly in quantitative work, although the capital costs involved
remain relatively high. Nevertheless, ED still finds a role in certain applications and
there is a considerable body of literature associated with this topic. ED requires
more care and thought in routine use than spectrophotometric detectors, principally
because of the problems of electrode deactivation. On the other hand, running costs
can be minimal and good sensitivity/selectivity can be attained with a number of
analytes.

The aim of this volume is to give information to aid the use of HPLC-ED in the
analysis of drugs and poisons in biological and related specimens. The available
information (column, eluent, detection potential, extraction procedure, internal
standard, sensitivity, efc.) is presented in a standard format in Chapters 6 and 7.
These data are not always given in published abstracts and, wherever possible, suffi-
cient information is given for the reader to decide whether a particular approach is
worth pursuing. Chemical names or structural formulae are given to aid identifica-
tion of electroactive moieties. The use of alternative techniques, including CE-ED, is
emphasised as appropriate. Additional topics, such as analyte stability, are also discus-
sed where relevant. Note that unambiguous details of the working and reference
electrode combinations used In a particular application are not always given in
published work — in such cases an informed guess as to the ED conditions actually
used has had to be made.



