JOURNAL OF
PHARMACEUTICAL
AND BIOMEDICAL
ANALYSIS

Journal of Pharmaceutical and Biomedical Analysis
24 (2001) 843-848

www.elsevier.com/locate/jpba

The evaluation of interdigitated array electrodes for
measurement of catecholamines and indoleamines

J. Senior #*, A. Shah?, C. Monteux ®, V. De Biasi ?

a SmithKline Beecham Pharmaceuticals R&D, New Frontiers Science Park, Third Avenue, Harlow, Essex CM19 5SAW, UK
® Ecole de Chimie Polymeres et Materiaux, Strasbourg, France

Received 2 June 2000; received in revised form 16 November 2000; accepted 20 November 2000

Abstract

The use of Interdigitated Array (IDA) Microelectrodes for detection of low levels of biogenic amines has been
demonstrated in stationary solutions and flow systems [M. Morita et al., Electrochemica Acta 42(20-21) (1997)
3177-3183]. This technique is highly sensitive. We have evaluated this technology as applied to High Pressure Liquid
Chromatography with Electrochemical Detection (HPLC-EC) for analysis of microdialysate and tissue samples. With
this new technology we demonstrated a x 10 fold increase in sensitivity in comparison to our existing technology. We
are now able to detect dopamine at a level of 53 x 10 ~!® moles on column and serotonin at 26 x 10 ~!¥ moles on
column. This technology now permits analysis of biogenic amines in samples from brain areas not previously

amenable to this type of experiment. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

The measurement of low levels of biogenic
amines as a function of time after the administra-
tion of putative drug substances is of great interest
to researchers in the field of neurochemistry. Data
obtained from microdialysate samples or brain
tissue can provide supportive evidence for func-
tional responses induced by novel chemical entities.

* Corresponding author. Tel.: + 44-1279-627410; fax: + 44-
1279-627404.
E-mail address: john_p_senior@sbphrd.com (J. Senior).

Two of the most widely studied neurochemicals
are serotonin and dopamine. Analysis of these
substances in microdialysate samples or brain tis-
sue samples can be achieved using High
Performance Liquid Chromatography with Elec-
trochemical Detection (HPLC-EC). HPLC is re-
quired in order separate the substances of interest
from other structurally related substances also
present in the sample, this includes dopamine and
serotonin precursors and degradation products
(Figs. 1 and 2). Electrochemical Detection is re-
quired in order to achieve the high level of detection
sensitivity required for measurement of the sub-
stances of interest.

0731-7085/01/$ - see front matter © 2001 Elsevier Science B.V. All rights reserved.

PII: S0731-7085(00)00551-3



844 J. Senior et al. /J. Pharm. Biomed. Anal. 24 (2001) 843848

Recently a method had been reported [1] for the
analysis and detection of dopamine at levels sig-
nificantly lower then previously obtained. The
reported increase in sensitivity is due in part to
the use of a new electrochemical cell design incor-
porating an Interdigitated Array Microelectrode
(IDA) [1].

The aims of these current experiments were to
reproduce the reported sensitivity for measure-

ment of dopamine in our own laboratories and to
evaluate the system for the measurement of
serotonin.

2. Experimental

Mixed Standard 1 was prepared as follows. A
stock solution containing a mixture of dopamine
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Fig. 1. 5-HT and related structures. Compounds of interest outlined in blue.
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Fig. 2. Dopamine and related structures. Compounds of interest outlined in blue.

(DA), DOPA, 3-MT, 5-HT, DOPAC, 5-HTP,
5-HIAA, HVA (see Figs. 1 and 2) each at a
concentration of 0.1 mg/l was prepared in ‘ho-
mogenising buffer’ (0.4 M perchloric acid contain-
ing 0.01% w/v EDTA, 0.1% w/v cysteine and
0.1% w/v sodium metabisulfite).

Microdialysate and tissue samples were ob-
tained in house.

The mobile phase buffer was prepared by mix-
ing trifluoroacetic acid (4.45 ml), EDTA (0.0392
mg) and 700 ml deionised water. The pH was
adjusted to 1.9 with aqueous sodium hydroxide.
The volume was then adjusted to 1 1 with
deionised water. This buffer was mixed with
methanol and THF in a ratio of 94.5:4.5:1.0, v/v
to give the mobile phase.
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The HPLC system used for this work composed
of a Bischoff pump model 2250, a flow splitter
fitted with a calibrated tubing to give a ratio of
67:1, a Valco manual injector with a 0.1 pl inter-
nal loop and dual channel BAS LC-4C and LC-
3C electrochemical detector equipped with a dual
cell holder and a interdigitated microelectrode
(BAS, Tokyo, Japan).

The IDA electrode consisted of 65 pairs of
glassy carbon electrodes with finger widths and
gaps of 5 pm and each finger was 2 mm long. The
area of one set of band electrode array in the IDA
electrode was 6.5 x 1073 c¢cm®. The thickness of
the gasket was 25 pm. Potentials were applied to
each of the two sets of electrodes independently,
the first set of electrodes being referred to as the

Optimisation of Oxidation Potential
ered=+100mV; eox= 600 — 900m, measuring the signal from oxidation electrode

Optimisation of the Reduction potential
eox=+800mV ; ered = -400 — +200mV, measuring the signal from reduction electrode

Fig. 3. (a) Optimisation of oxidation potential; (b) Optimisation of reduction potential.
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Fig. 4. Chromatogram from analysis of mixed standard 1 with ‘reduction’ electrode active and inactive.
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Fig. 5. Chromatogram from analysis of microdialysate sample.

‘reduction’ electrode and the second set referred
to as the ‘oxidation’ electrode.

Separations were performed on a 200 mm x
0.32 mm i.d Zorbax Stablebond CI8, 3.5 pum
column, packed in our laboratory and operated at
6 pl min—! flow-rate.

3. Results and discussion
3.1. Optimisation of oxidation voltage

A potential of + 100 mV (all voltages are
against the Ag/AgCl working electrode) was ap-
plied to the ‘reduction’ electrode (e.q) and the
potential applied to the ‘oxidation’ electrode (e.,)
was varied + 600— + 900 mV in steps of 100 mV.
At each voltage standard 1 was injected in dupli-
cate and the signal from the ‘oxidation’ electrode
was collected. The data from this experiment is
given in Fig. 3a. This data shows as expected an
increase in response as a function of increased
voltage. The optimum signal to noise is obtained

at + 800mV. This value is compatible with data
obtained for these analytes on other types of
electrochemical detectors.

3.2. Optimisation of reduction voltage

The optimum ‘oxidation’ potential of + 800
mV was applied to the ‘oxidation’ electrode and
the ‘reduction’ potential was varied —400 to
4200 mV in steps of 100 mV. At each voltage
standard 1 was injected in duplicate and the signal
from the reduction electrodes was collected. The
data from this experiment is given in Fig. 3b. This
data shows that optimum reduction occurs at
+ 100mV. This is in agreement with previous
work!.

3.3. Active vs inactive reduction electrodes

In order to validate that the use of dual elec-
trodes does provide a benefit in detection sensitiv-
ity a standard mixture was analysed with: (a)
eox =800 mV and e,y = + 100 mV; and (b) e, =
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800 mV and the e, disconnected from their
voltage supply. In both cases signals were mea-
sured from the oxidation electrodes. Data from
these experiments are given in Fig. 4. The trace
given in black is with the reduction electrodes
active and the trace in red is with the reduction
electrodes inactive. It can be seen that the sensitiv-
ity with the active reduction electrodes is x 2
greater than with inactive reduction electrodes.

3.4. Analysis of microdialysate and brain tissue
samples

A chromatogram of data from analysis of a
brain microdialysate sample is given in Fig. 5. The
limit of detection using this methodology is of the
order 53 x 10~ !® moles on column for dopamine
and at 26 x 10~ '8 moles on column for serotonin.

4. Conclusions
It has been shown that use of IDA electrodes

within HPLC-EC instrumentation can provide in-
creased sensitivity. The limit of detection (mea-

sured as ratio of peak height/root mean sqaure of
baseline noise) using this methodology is of the
order 53 x 10~ '8 moles on column for dopamine
and at 26 x 10~ '¥ moles on column for serotonin.

This permits analysis of microdialysate samples
for the presence of neurotransmitters at levels
significantly lower than those using conventional
HPLC-EC instrumentation. Further validation of
methods using the IDA technology would be
required.

At present we are unable to fully explain the
reasons for enhanced detection sensitivity pro-
vided by the IDA and further work is required to
gain further understanding of these effects.
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