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A biosensor m a y  be defined as a senso r 
inalrporatinq a biological moiety, which can, 

without the addition of external reagents, 
detennine the oonoerltration of a specific analyte 
in tissue and body f l uids. Based on this 
technology, we have developed a ferrocene­
mediated amperometric g l ucose oxidase enzyme 
electrode for oontinuous in vivo measurement of 
subcutaneous tissue glUCDSe in 11BIl. This sensor 
can be used to detect hypoglycaemia. 

The developnent of an implantable glUCDSe sensor 
for continuous lOOl'Iitoring of glycaemic control 
in diabetic patients has been an important 
objective in bioengineering for several decades. 

In CXlIlVe!ltional amperanetric glucose sensors, 
the generated hydrogen peroxide [11 or consuma1 
oxygen [21 due to the catalytic ox idation of 
g lucose by immobilised glucose oxidase is 
measured. An a lternative stratergy is to 
inoorporate a redox mediator such as ferrocene 
[3} into the sensor so that electrons are 
transfered directly fran the prosthetic group 
of reduced glucose oxidase to a base electrode. 
The advantages of this approach include the fact 
that the reactien does not require the presence 
of molecular axygen ani is therefore less prone 
to changes in tissue oxygen tension. Also, 
because it is operated at low potential of 160 mV 
( c.f. 700 rrfV for hydrogen peroxide), 
there is less risk of interference fran other 
electrochemically active compounds present in 
body tissues. We have previously reported the in 
vitro [4] and in vivo [5} characterisation of 
this technology. In this paper, we present 
preliminary results showing that mediated 
amperometric electrodes can be used to detect 
hypoglycaemia in 1I\3Il. 

The constructi on of the sensors has been 
described in detail [6J and a diagramatic 
representation is shown in fig. 1. 

The study group consisted of 6 fasting non­
diabetic volunteers. A g lucose sensor was 
implanted in the subcutaneous tissue en the 
anterior aspect of the forearm. A silver/silver 
chloride surface ax; electrtrle was used as a 
reference and placed en the skin close to the 
g l u cose se nso r .  Us i n g  a two electrode 
configuration, the glUCDSe electro:1e was poised 
under potentiostatic control ( Ministat oWel 
251, '1b:mpscn Electrochem, Newcastle Upcn Tyne, 
U.K.) at 160 rrfV. and the ootput recorded en a 
chart recorder. All mains operated intruments 
were operated fran an isolating transformer. A 
peri�al vein was camuUated for with:irawing 
blood 5aIIl>les for glU<Xlse determinatien en a YSI 
model 23 lIM glucose analyser. 

Mter an equilibratien period of 20 minutes, 0.15 
units/ I<9 of short-acting insulin was injected 
intravenously so as to reduce the blood glucose 
concentration. Blood samples were taken every 5 
minutes for 25 minutes am then 25 g of glucose 
(50 ml 50% w/v) solutien was given intraveoously 
to restore no:ttrOg'lycaem1a. 
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Fig. 1. Diagram showing construction 
of an in vivo glucose sensor. 
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RESULTS 

We have made the assumption that un:ler steady­
state =nditions ( ie. at the begining of the 
experiment - before insulin administration) the 
ratio of blood: tissue glucose concentration was 
unity. Tissue glu cose conoentrations ('K;) were 
calculated using the equation: 

'K; = !!?n X In 
11 

Where BGn (1l1/OC)1/1) arrl In (nA) are the blood 
glucose arrl =rent at tima n, ani ani 11 (nA) is 
the initial =rent. 

Fig. 2 shcMs the subcutaneous sensor ani blood 
glucose concentrations in a representative nonnal 
subject given insulin to deliberately lower 
glucose values. Sensor values f o l ow b l o o d  
changes, though more slowly ani reaching a nadir 
sc:me 5 min after the lcwest blead value. 

DISaJSSIOO 

Hyp:Jglycaemia is a major clinical problem: it is 
probably the diabetic's greatest fear ani often 
exceedes their concern ab::lut l ong-term tissue 
comp lica t i o n s  [ 7]. Twenty five percent of 
insulin--dependent diabetic patients suffer a 

serious hyp:Jglyacemic attack ab::lut once a year 
requiring hospital attention [8] ani it is the 
cause of death in 5% of diabetics who die un:ler 
the age of 50 Y in the United Kingdon [9]. 

In this study we have derronstrated that it is 
possible to detect a fall in blood gl ucose 
concentration by means of an electrochemical 
sensor implanted in the subcutaneous tissue. Such 
a d e v ice m a y  b e  d evel oped a s  a useful 
hyp:Jglycaemic alarm in diabetic patients. 

We h a v e  opted f o r  a single-point in vivo 
calibration in this study. A two--point in vivo 
calibration has been proposed by other workers 
[1 0] but would probably be impracticable for 
routine use. 

In vitro studies have shown that the response 
time of the sensor is less than one minute ani 
probably does not contribute significantly to the 
observed phase lag between the nadir for the 
blood am. subcutaneous glucose. In the subjects 
we have studied to date, the mean delay was 
about three minutes but the range was 0 -1 5 
minutes. Further s tudies are required to 
investigate whether the ti..rre lag remains constant 
within an in::1ividual or if not, which fact ors can 
cause a change. 
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Fig. 2. Blood am. tissue (sensor) 
glucose concentrations in a nonnal 
in::1ividual made hyp:Jglycaemic. 
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