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ABSTRACT
In this paper the novel method of calibration of glucose amperometric type sensor

implemented in an integrated microdialysis based micro system is presented. This method
consists in evaluation of the charge, resulting from the glucose consumption in the
enzymatic reaction, transferred to the electrode under stop-flow conditions.
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1. INTRODUCTION
Microdialysis is an on-line sampling technique used for in-vivo monitoring. This

technique is based on a size-selective diffusion of the analyte through a semi-permeable
membrane so that, the dialysate is a macromolecule–free sample ready for analysis without
any pretreatement. Microdialysis is performend with use of a microdialysis probe,
consiting of a dialysis tube, coupled with an appropriate analyzer. The connection between
the microdialysis probe and the analyzer introduces a certain lag time in analysis.

To minimize the lag time, a miniaturized microdialysis based system has been
developed [1]. The integrated microdialysis system consists of several functional blocks:
microdialysis probe, electrochemical sensor array and calibration facility.

Although, principles of analytical chemistry encompass methods of sampling as well as
measurement including calibration of detectors, the calibration procedure still causes
problems espacialy in same cases e.g. on-line and in-vivo monitoring.

A novel method of calibration of glucose sensor implemented in an integrated
microdialysis based micro system has been developed. The calibration method consists in
evaluation of the charge, resulting from the glucose consumption in the enzymatic reaction.

2. THEORY
As a model, an enzynmatic reaction of an oxidase enzyme is considered where the

substrate is oxidized by the enzyme in the presence of co-substrate (oxygen) and hydrogen
peroxide is produced. The transduction of the enzymatic reaction is achived
amperometrically then, the current response is related to the hydrogen peroxide flux to the
working electrode. One-dimentional mass transfer to an electrode is described by the
Nernst-Planck equation [2]:
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where Jj is a flux of species j at distance x from the electrode, Dj is a diffusion coefficient
for j, V – velocity, zj – valency, xxCj )( and xx)( are concentration and potential
gradients at distance x from the electrode respectively.
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When the convection mass transport is absent and the migration is negligible, the
current at the working electrode is the following:

jJAFni (2)
where Jj is the diffusion dependend flux of species j, n - number of transfered electrons, F -
the Faraday constant and A - the electrode area.
Mass of the substrate (m) and a number of the substrate particles (np) consumed in the
enzymatic resulting in the charge transferred to the electrode ( ) are the following:idt
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where Mmol – molar mass, e – charge of an electron and Av – the Avogadro number.
An effect of the substrate depletion can be observed under specific circumstances, in

particular when the volume of the sample is comparable or smaller than the reaction space
of the enzymatic biosensor. Then, based on a charge transferred at the electrode, the total
amount of the substrate as well as number of the substrate particles present in the sample
solution can be calculated. Under the condition of well defined plug of a calibrant (the
substrate concentration, volume), this approach can be used for the sensor calibration. It
also reveals potential of electrochemical sensors utilization in nano range analysis (eq. 4).

3. EXPERIMENTAL
The integrated microdialysis system was realized in a silicon-glass sandwich technology

(Fig. 1.a). The microdialysis probe and flow-through electrochemical sensor array were
formed by fixing of a dialysis tube (ID 200 µm, from regenerated cellulose, MWCO
20 kD).
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Figure 1. Layout of the microdialysis system (a) and geometry of the senosor cell (L=18 mm) (b).
The amperometric sensor and the built-in calibration facility based on dual-pump

electrochemically actuated microdosing system have been described previously [3,4].
The reaction cell of the sensor (Fig.1.b) was filled with enzyme - glucose oxidase type

II (GOx) - solution of concentration of 8 mg/ml. Volume of the reaction cell was around
5 µl while volume of sample passing through the sensor along the semipermeable tube was
50 nl. The sample was transported at a flowrate 2 µl/min. When it reached the sensor, the
flow was stoped till the whole amount of the glucose was consumed.

4. RESULTS AND DISCUSSION
Under flow conditions the decay of the current peak results from the sample transport

along the sensor and sample dispersion, while in the case of the stop-flow conditions the



Figure 1: schematic depiction of
nano-porous electrode system
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observed decay of the current peak results from the effect of glucose depletion in the 
sample due to its consumption in the enzymatic reaction. Since our device had relatively 
large reaction cell (5µl), the effect of glucose depletion in 50 nl sample stoped in the sensor 
passage was observed.
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Figure 3. Response of the flow-trough amperometric sensor for samples of different glucose 
concentration 12.5, 25 and 6.25 mM. 

Based on the experimental data (Fig.3) the mass of glucose consumed in the enzymatic 
reaction under stop-flow condition was calculated according to equation (3). These results 
are in close agreement with the apparent mass of glucose contained in the calibration plugs 
of 50 nl volume and different initial concentrations (12.5, 25 and 6.25 mM). The apparent 
glucose concentration in the plugs was corrected for dispersion caused by the plugs 
transport to the sensor space. The dispersion was calculated according to the Vanderslice 
formula [5]. Since the charge is calculated for the current peak from baseline-to-baseline, to 
evaluate sensor sensitivity only one calibrant is used.  

5. CONCLUSIONS 
 A novel approach to calibration of amperometric type sensors was developed. The 
method is based on the effect of glucose consumption in the enzymatic reaction performed 
under stop-flow conditions. The calibration is applicable for on-line monitoring. 
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