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The trend towards near patient monitoring during
surgery, intensive care and treatment of chronic diseases
has resulted in an expansion of the analytes measurable
using decentralised equipment from blood gases and
electrolytes to include metabolites such as urea, glucose,
lactate and creatinine. When analyte concentration varies

rapidly and unpredictably, and where an appropriate
therapy is available, continuous monitoring is clinically

useful. It has long been recognised that continuous
monitoring of blood glucose in people with Type I

+600mV vs. saturated calomel electrode. The relatively
high operating potential required, however, results in the
oxidation of other substances that can be present in blood
such as absorbate, paracetamol, uric acid or cysteine. This
problem can be partially overcome by use of selevtivelypermeable membranes, but this can lead to reduced
sensitivity of the sensor. Another approach involves the
use of electrocatalytic materials such as microparticle
metals which lower the oxidation potential of hydrogen
peroxide compared to pure carbon or platinum electrodes.

while warning of impending hypoglycaemia. More
recently, the value of monitoring urea during
haemodialysis and lactate as an indicator of anoxia has

Platinised carbon has been investigated in order to
improve selectivity of the sensor, but we have shown that
the highly catalytic surface results in enhanced oxidation
of not only hydrogen peroxide, but also interferents and
glucose itself. Superior performance and selectivity can
be achieved using rhodinised carbon, but interference
from other elctro-oxidisable components remains a
problem. As a further innovation we modified carbon
surfaces with transition metal complexes based on
hexacyanoferrate films by applying cyclic voltages. This
produces stable sensors which are able to detect hydrogen
peroxide at +400 mV vs. a saturated calomel electrode. In

become recognised.

order

convenient,
measuring
metabolities. Enryme electrodes for urea, creatinine,
lactate and glucose have been incorporated into various

approaches

diabetes

is of value particularly under

certain

circumstances such as during childbirth. The Diabetes

complication and Control Trial has highlighted the
dramatic reduction in complications that can be achieved
by tight control of blood glucose to near normal levels,
but has also shown an increase in the incidence of
hypoglycaemia in people using intensive therapy. A
continuous blood glucose monitor would serve the dual
purpose of allowing accurate regulation of blood glucose

Enzyme electrodes provide a
inexpensive and accurate means of

for in vitro

commercial devices

analysis and ex vivo

instruments have recently appeared for glucose and urea.
Needle-type electrodes for glucose and to a lesser extent
lactate have been subject of intense research for the past
fifteen years, but performance has been less than ideal in
a number of respects. Success in monitoring subcutaneous
glucose concentration has been reported, but sensors have
suffered from lack of reproducibility, unexplained loss of
sensitivity and a variety of fouling problems.

the relative merits of these
we constructed a range of the inexpensive
enzyme electrodes using various combinations of

to

investigate

modified electrode, enryme and voltage regime. Lactate
oxidase or glucose oxidase was immobilised on either

hexacyanoferrate-modified
rhodinised-carbon or
electrodes and hydrogen peroxide produced by the
enzyme was monitored using both positive and negative
applied voltages. Operation at reductive potentials
showed a general advantage in avoiding the
electrochemistry of the usual interferents; both types of

catalytic electrode could reduce hydrogen peroxide at

mV with

0

insignificant oxygen reduction. Positive

potentials, however, elicited larger signals.

Development work has focused on the external sensor
surface in order to improve biocompatibility. This

Both metalised and chemically-modified carbons
could be formulated into inks and printed. Thick film

contribution, however,

will examine possibilities for
improving the bioelecffochemistry in easily fabricated
amperometric biosensors as a route to improving
reliabilify.
The general configuration of needle-type devices
comprises a base platinum wire which is dip-coated

techniques based on screen printing offer an excellent
route to the fabrication of enzyme elecffode sensors and it
is possible to achieve large production runs at relatively
low cost. Simple techniques could be used to produce
enryme electrodes of 50 pm width which could be

permselective membranes, an
oxidoreductase and finally an outer difflrsion-limiting
biocompatible membrane. The hydrogen peroxide

techniques for the controlled and accurate deposition of

sequentially

with

produced by the enzymatic oxidation of glucose or lactate
can be monitored at the platinum electrode poised

inserted

into a

catheter. Advanced

solution-processible

fluid

handling

outer polymer membranes

is

currently being investigated and the complete sensors will
be assessed against conventional instrumentation in the
clinical chemistry laboratory.
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