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CONTINUOUS GLUCOSE MONITORING IN SUBCUTANEOUS TISSUE AND BLOOD WITH
AN AMPEROMETRIC ENZYME ELECTRODE

Briickel, J., H. Zier, W. Kerner and E.F. Pfeiffer

Department of Internal Medicine I, University of Ulm, F.R.Germany

SUMMARY

As we have described previously, an amperometric enzyme electrode
was developed, based on the detection of hydrogen peroxide generated
by the oxidation of glucose (Kerner et al., Horm.Metab.Res.Suppl.20:
8-13,1988). This needle-type electrode was implanted into sc.tissue
of sheep. It is shown that the sensor current is closely related to
the course of blood glucose. For measurement of glucose in blood
comparable to the Biostator, an electrode was further modified and
integrated into a flow-chamber system. In vitro experiments demon-

strated its qualification. Monitoring of blood glucose was performed
over 24 hours.

INTRODUCTION

Perfect control of blood glucose in type-1 diabetic patients
requires measurement of glucose concentrations on a minute-by-minute
basis. This was clearly demonstrated by the first closed-loop system
the Biostator GCIIS (glucose controlled insulin infusion system,
Pfeiffer et (al. ) 1974).: A ' continuously ‘working :glucose 'sensor
suitable for routine application thus represents the missing link in
diabetes therapy.

So our group aimed at the construction of an electrode for glucose
monitoring in sc.tissue. As we could show in sheep, the glucose
concentrations in subcutaneous tissue and venous plasma are the same
under basal conditions (Briickel et al.,Klin.Wochenschr.67: 491-495,
1989). Additionally an electrode for continous monitoring of glucose
in blood was developed.
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MATERIALS AND METHODS

Sc.Sensor

The amperometric electrode consists of a central platinum wire
(0.03mm diameter) insulated from its steel tubing(0.5mm outer
diameter) by epoxy resin. The tip was covered with layers of
cellulose acetate, glucoseoxidase (crosslinked with glutardi-
aldehyde) and polyurethane. The platinum anode was polarized at
700mV against an Ag/AgCl-electrode. This sensor has very low basal
currents, exhibits good linearity, is stable in solutions for
several weeks and is relatively independent from oxygen tension over
a broad range.

Flow-chamber electrode

It consists of a Pt/Ag-electrode as the glucose sensor used in the
artificial endocrine pancreas. A double-lumen catheter system (DLC)
is inserted into a vein of the forearm. At the tip of the catheter
blood is diluted with heparinized (50 U/ml) saline (098N s 120 104
and pumped to the chamber electrode. The diluted blood passes along
an acetate-membrane (YSI, Yellow Springs, USA.) with immobilized GOD
and the current produced by the GOD-reaction is proportional to its
glucose content.

RESULTS
Sc.Sensor

Needle-type glucose sensors were implanted into subcutaneous tissue
of sheep. After stabilization in situ 1mg of glucagon was injected
intravenously, inducing hyperglycemia similar to physiological
kinetics. Blood glucose rose from 50.4 + 1.6 to 107.5 + 6.0 mg/dl
within 30 minutes. The sensor current rose from 5.5 Gl 228089 2311 T
1.8 nA, the large Std.Errors were due to inter-sensor- variations.
The reaction of the sensor follows promptly, the time delay between
the elevation of blood glucose and sensor current was always less
than 5 min.
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Flow-chamber system

After two-point calibration, electrodes were tested in vitro with
glucose solutions (dextrose, diluted in PBS, pH 7.4). Results proved
linearity up to 540 mg/dl (30 mmol/l), coefficient of correlation
0.99, regression-line:  yii=10L932 hdireisl 8a7iTha el ectrodes: iwepe
stable over 24 hours 1in solutions of different concentrations
(50,100,200 and 300 mg/dl).

This setup was used for blood glucose monitoring over 24 hours in
humans. Registrations were performed in diabetic patients as well as
in healthy volunteers who were submitted to a glucose load. Data
received this way were in good conformity to glucose concentrations
determined with a reference method (Beckman Analyzer).

DISCUSSION AND PERSPECTIVES

The currently most modern form of therapy in diabetes - insulin pump
treatment - represents an open-loop system based on frequent blood
glucose self-control. The aim for the future has to be to close the
loop towards automated glucose control. Our experiments with
implantable glucose sensors show that this is not utopian any more.
But the road to routine application is still long and presents a lot
of further obstacles eg. chemical interferences in the "milieu
interne", mechanical fragility and biocompatibility.

In contrast continuous monitoring of blood glucose with our flow-
chamber system has reached the stage of application. At the moment
it may represent an alternative to the Biostator, when direct feed-
back control is not required and it surely is easier to operate. But
since this system depends on a patent venous indwelling catheter its
application will be restricted to clinical purposes and short term
(24-48 h) blood glucose monitoring.

On the way to feed-back control of glucose, the continuous glucose
measurement may in future represent the minor problem. Increasing
the velocity of insulin resorption/action comparable to intravenous
infusion may be the new main task, since subcutaneous or intra-
peritoneal administration may be not sufficient to close the loop.




