Biosensors and Bioelectronics 26 (2010) 798-802

journal homepage: www.elsevier.com/locate/bios

Contents lists available at ScienceDirect

Biosensors and Bioelectronics

Evaluation of a simple and low cost potentiometric biosensor for pharmaceutical

and in vivo adrenaline determination

Lidiane Raquel Verola Mataveli!, Natalicia de Jesus Antunes, Maisa Ribeiro Pereira Lima Brigagao,
Cristiana Schmidt de Magalhaes, Célio Wisniewski, Pedro Orival Luccas*

Departamento de Ciéncias Exatas, Universidade Federal de Alfenas, Rua Gabriel Monteiro da Silva, 700, CEP 37130-000, Alfenas, MG, Brazil

ARTICLE INFO ABSTRACT

Article history:

Received 6 April 2010

Received in revised form 27 May 2010
Accepted 18 June 2010

Available online 25 June 2010

Keywords:

Adrenaline
Biosensors
Polyphenol oxidase
In vivo measurements

In this work the polyphenol oxidase (PPO) was the main component of a biosensor for adrenaline
determination. The activity of this enzyme was measured in several vegetables. Banana (Musa sp.)
extracts presented better results with 974 UA (units of activity). The biosensor was constructed with a
polyethylene tube (0.8 mm i.d.) filled with: carbon paste containing 50 UA of the PPO in phosphate buffer
(pH=7.00) solution and vaseline as agglutinant. When the biosensor was applied in medicine samples it
provided a linear range from 8.00 x 10~° to 8.00 x 10~% mol L-!; the results obtained with the proposed
method and the Brazilian Pharmacopoeia method were in agreement (t-test). When it was applied in
blood samples, the matrix-matching calibration was used, and the linear range was from 8.00 x 10~7 to
8.00 x 103 mol L. In vivo studies were also done. The obtained results for those electrodes, which were
inserted in the jugular vein of Wistar rats, were very promising.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Catecholamines are organic compounds with an alkylamine
chain bonded to a benzenic ring with two hydroxyl groups. An
example of this class of substances is adrenaline, which is an impor-
tant neurotransmitter. Adrenaline is a potent agonist of cardiac
o and [-receptors, which are biosynthesized in the adrenergic
medulla and sympathetic nerve terminals, and secreted by the
suprarenal gland, along with noradrenaline (Felix et al., 2006).

Although a large portion of plasma adrenaline arises from the
adrenal medulla, several investigations have suggested that local
cardiac adrenaline storage and synthesis also play important roles
in regulating cardiac function (Kawada et al., 1998), for example,
restoring the cardiac rhythm in cardiac patients (Goodman and
Gilman, 2006). Thus, adrenaline determinations, mainly in vivo, can
be very useful for physiological studies.

Generally, adrenaline is synthesized and secreted at a basal
rate in individuals at physical and emotional rest (Kildegaard

* Corresponding author. Tel.: +55 35 3299 1440; fax: +55 35 3299 1262.
E-mail addresses: Imataveli@iqm.unicamp.br (L.R.V. Mataveli),

lima@unifal-mg.edu.br (M.R.P.L. Brigagdo), magalhaes@unifal-mg.edu.br
(C.S.d. Magalhdes), czw@uol.com.br (C. Wisniewski), pedro@unifal-mg.edu.br
(P.O. Luccas).

1 Present address: Departamento de Quimica Analitica, Instituto de Quimica,
Universidade Estadual de Campinas, UNICAMP, P.O. Box 6154, CEP 13083-970,
Campinas, SP, Brazil.

0956-5663/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.bi0s.2010.06.021

et al.,, 2007). Larger quantities are released in situations involv-
ing physical or emotional stress. These situations include
hypoglycemia (Robertson et al., 2003), exercise (Watt et al.,
2001), acute pain (Wortsman, 2002), and other situations
involving mental excitement. Adrenaline basal levels are approx-
imately 0.2-0.4nmolL-1 (35-70 pgmL-1) in arterial plasma and
0.1-0.2nmol L1 (17.5-35 pgmL~1) in venous plasma (Hjemdahl,
1993). Besides the adrenaline, other catecholamines are present in
the blood, such as noradrenaline and dopamine with physiologic
concentrations around 1.70 wgL~! and 30.0ng L1, respectively.

The determination of catecholamines in biological matrices
requires analytical procedures capable of low detection limits, since
they occur in low concentrations (nmolL~! or wgL~! magnitude).
Therefore, the use of fluorimetry (Guo et al., 2002), spectropho-
tometry (Medina et al., 2000), cyclic voltametry (Liu et al., 2005),
FIA with flourimetric detection (Torres et al., 1998), electrochemi-
luminescence (Li et al., 2002), potentiometric (Moreira et al.,
2005), amperometric (Felix et al., 2006) and voltametric biosensors
(Caruso et al., 1999), CLAE (fluorescence detector) (Hansen et al.,
1999), chromatography and electrochemical methods, often using
modified electrodes, is common (Garrido et al., 1997).

In this paper, a potentiometric biosensor for the adrenaline
determination in pharmaceutical interest samples was proposed.
An electrochemical biosensor is defined as “a self contained
integrated device which is capable of providing quantitative or
semi-quantitative information using biological recognition ele-
ments retained in direct spatial contact with an electrochemical
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transduction element” (Thevenot et al., 2001). Biosensors based
on electrochemical transducers are the most common and more
frequently mentioned in the literature. The available commercial
biosensors usually are employed with amperometric technique,
meantime in this work we opted for the potentiometry. The poten-
tiometry consists of the measurement of the potential difference
among two electrodes when the current of the cell is zero. The
two electrodes are known as indicator and reference. The indicator
electrode develops a variable potential depending on the activ-
ity or concentration of the analyte in the solution. That potential
is measured in relation to a reference electrode. The change in
the potential is related to the concentration in a logarithmic way
(Eggins, 1996). Several biosensor examples exist using potentio-
metric detectors (Fernandes et al., 1999; Kormos et al., 2000; Rajesh
et al., 2005; Reddy et al., 2003; Reher et al., 2002; Rotariu et al.,
2004; Saurina et al., 1998).

In this work, the biological recognition element utilized for the
biosensor are the polyphenol oxidases (PPO), a family of enzymes
with a dinuclear copper center, widely distributed in the plant
and animal tissues (Rocha and Morais, 2001; Sanchez-Ferrer et al.,
1988; Unal, 2007). The structure of the active site of the enzymes,
in which copper is bounded by six or seven histidine residues and
a single cysteine residue, is highly conserved. In the presence of
molecular oxygen, two distinct reactions are catalyzed involving
phenolic compounds: the o-hydroxilation of monophenols to o-
diphenols (monophenolase activity) and oxidation of o-diphenols
to o-quinones (diphenolase activity). This reaction involving the
oxidation of a number of phenolic compounds to the corresponding
quinones easily undergoes secondary reactions with amino acids,
proteins or other phenols to form melanin pigments. Enzymatic
browning impairs the sensory properties and marketability of the
product, and also lowers their nutritional value (Goulart et al., 2003;
Mayer, 2006; Matuschek and Svanberg, 2005; Rapeanu et al., 2006;
Unal, 2007).

The aim of this work was to construct a mini-potentiometric
biosensor for adrenaline determination and to apply it in samples
of medicines, blood and also for in vivo measurements.

2. Experimental
2.1. Reagents and solutions

All solutions were prepared with distilled and deionized water
(MilliQ Academic System, Millipore). Adrenaline, noradrenaline,
dopamine and the bovine soroalbumine were purchased from
Sigma. Potassium chloride and nitric acid were purchased from
Merck. L-ascorbic acid, uric acid and urea were purchased from
Vetec.

Polyvinilpirrolydone (Henrifarma) and potassium dihydrogen-
phosphate (Synth) were used for the crude extract preparation. The
total proteins concentration was measured using the Biuret method
(Summer and Mirback, 1951), employing copper sulfate (Vetec)and
sodium/potassium tartrate (Mallinkrodt). Carbon powder (Synth)
and vaseline (Rioquimica) were used for the construction of the
carbon paste biosensor.

2.2. Obtention of the banana (Musa sp.) crude extract

A 25 g of the peeled fruit was homogenized in a blender with
100 mL of 0.1 mLL~! phosphate buffer, pH 7.0, containing 2.5 g of
the protection agent polyvinilpirrolidone-Polyclar K-30, for 3 min.
The homogenate was filtered through cheesecloth and centrifuged
at 5000rpm for 30 min at 25°C. The resulting supernatant was
stored at 4°C in a refrigerator, and used as enzymatic source
(Fatibello-Filho and Vieira, 2002; Moreira et al., 2005).

2.3. Measurement of the enzymatic activity and total protein
concentration

The enzymatic activity was measured using a Shimadzu® UV
2401 spectrophotometer. As previously described (Mataveli et al.,
2007), the polyphenol oxidase activity was determined in tripli-
cate by measuring the absorbance at the wavelength of 410 nm of
the adrenalinequinone produced in the reaction of four different
amounts of the crude extract, from 0.05 to 0.20 mL (increments of
0.05mL), 2.4 mL of adrenaline in 0.1 mol L-! phosphate buffer. The
same buffer was used to complete 3 mL in the cuvette. The enzy-
matic activity (UA - unit of activity) is numerically equal to the
angular coefficient of the graphic of the velocity vs enzyme quantity
multiplied by 1000 (Moreira et al., 2005; Harper, 1973).

2.4. Biosensor preparation

A volume containing 50 UA of polyphenol oxidase, obtained
from the banana crude extract,and 375 mg of graphite powder were
mixed in a mortar with a pestle for 20 min. Subsequently, 125 mg
of vaseline (Rioquimica) was added to the powder and mixed for
20 min to obtain the final paste. The modified carbon paste was
packed into the tip of a polyethylene tube (0.8 mmi.d.) and a copper
wire was used to provide the electric contact.

2.5. Samples

Medicine samples - 1.000mgL-! adrenaline aqueous solu-
tions were used only diluted in a 25 mL volumetric flask with
0.001 mol L-1 HCI. The samples were acquired in the Odontological
Clinic of the Universidade Federal de Alfenas.

The spectrophotometric method established in the Brazilian
Pharmacopoeia (1977) was used to check the accuracy of the results
obtained with the proposed method. It was realized a spectropho-
tometric scanning between 230 and 350 nm, where the adrenaline
(in solution of 1.00 x 102 mol L-1 HCI) presents maximum absorp-
tion in 280 nm. For the analytic curve, adrenaline solutions were
used with concentrations of 8.00 x 10~>; 1.60 x 10~4; 2.40 x 10~4;
3.10 x 10~*mol L1, and a Shimadzu® UV 2401 spectrophotometer
was used for this determination.

Rat blood samples were collected using two drops of a commer-
cial heparin solution as anticoagulant for each 5 mL of the sample.
The samples were diluted 1:10 with normal saline solution for the
standards preparation. The range of the analytical curve was from
8.00 x 10~12 t0 8.00 x 10-3 mol L~ in a total of 10 standards.

In vivo measurements - 3 Wistar male rats were used, with ages
varying from 60 to 75 days, and approximately 350 g each one. All
of them were anesthetized with ketamine cloridrate. The biosensor
and the Ag/AgCl reference electrode were introduced in the jugular
vein of the animals, where the difference of potential between the
electrodes was measured.

To verify the biosensor response, adrenaline aliquots were
injected in the animals. After the introduction of the electrodes,
15 min were necessary to achieve a stable baseline. The animals had
approximately 16 mL of blood (Felix et al., 2006), thus the amount
of adrenaline injected was calculated to have a final concentration
of 1.23 x 107 molL-! in the animal blood stream. The change in
the electrode potential was monitored through all the duration of
the anesthesia (approximately 2 h).

3. Results and discussion
3.1. Protein activity determinations

PPO activity and total protein concentration determinations
were performed by spectrophotometry. The PPO activity was
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Table 1
Optimization of biosensor parameters.

Biosensor parameter Range studied Optimal value

Enzyme units 25-300 50
pH 6.0-8.0 7.0
i.d. of the polyethylene tube (mm) 0.4-0.8 0.4
Time for analysis (min) 0-20 10

i.d., internal diameter.

measured for 7 days successively and varied from 864.0 to
952.8 UA.

3.2. Evaluation of the biosensor

To verify if the PPO was responsible for the signals measured,
electrodes without the enzyme were made, and no potentiometric
signals were obtained.

To obtain optimum response conditions, some parameters were
studied: Table 1 summarizes the range over each variable was
investigated, and the optimal values.

Good results were obtained using the biosensor constructed
using UA and the phosphate buffer pH 7.0, similar to the pH blood
value. It may be mentioned that working pH can be dependent of
the enzyme source and the subtracts. In this context, Unal (2007)
using banana (Musa cavendishii) as enzyme source and cathecol as
subtract, obtained two pH optima values: 5.5 and 7.0.

For in situ measurements, signals were stabilized after 10 min of
measurements, as shown in Fig. 1. Thus, to improve the return time
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Fig. 1. Signals obtained for samples containing 8 x 10~> molL-! of adrenaline in:
(A), phosphate buffer pH 7.00; (B), rat blood sample.
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Fig.2. Analytical curve obtained for the biosensor in phosphate buffer with standard
deviation error bar.

of baseline, hydrogen peroxide, in a concentration of 0.163 mol L1,
was used. The hydrogen peroxide caused oxidation and desorption
of the adrenaline from the surface of the electrode, becoming the
PPO available for following measurements. The use of hydrogen
peroxide was based on Zhao et al. (2009) which determined uric
acid monitoring the hydrogen peroxide that was catalytically pro-
duced by the reducing reaction. It is believed in the present work the
hydrogen peroxide is acting in adrenaline oxidation and producing
desorption of adrenaline from biosensor surface. This hypothesis
was empirically confirmed, because after using the H,0, the sig-
nal returned to base line and the measurements presented good
accuracy.

3.3. Analytical characteristics of the biosensor

For the medicine samples determination, an analytical curve
prepared in phosphate buffer (pH 7.0) was used. For blood sam-
ples and in vivo measurements matrix-matching calibration was
employed.

The analytical curve obtained with phosphate buffer (pH 7.0)
can be seen in Fig. 2. The Limit of detection (LOD) obtained was
8x10°molL-! and the linear response was from 8 x 10~ to
8 x 10~4 mol L. Therefore, the potentiometric biosensor is more
sensitive than others described in the literature (Caruso et al., 1999;
Felix et al., 2006; Moreira et al., 2005).

The analytical curve obtained for blood was done employing
a matrix-matching calibration (Buck and Lindner, 1994) and is
showed in Fig. 3. The obtained LOD was 8.0 x 107 mol L~!, the lin-
ear range was from 8.00 x 10~7 to 8.00 x 10~3 mol L. This LOD
is above the basal adrenaline level (order of nmol L-1) (Hjemdahl,
1993). However, upon stress conditions (hypoglycemia, exercises
or mental activity) the adrenaline level can reach values up to
1.2 x 10~ mol L~ (Robertson et al., 2003; Watt et al., 2001), being
inside the linear range of proposed biosensor.

The precision of the measurements were checked by the varia-
tion coefficient and it was always lower than 0.94% and 7.42% for
buffer and blood, respectively. The similarity of the angular coeffi-
cients (sensibility) of the analytical curves for both matrices is one
indication that this biosensor is not susceptible to matrix interfer-
ences.

Considering that the oxidant reaction of the adrenaline interme-
diated by the PPO involves two electrons (Chen and Peng, 2003), the
response of the biosensor was sub-Nerstinian.
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Fig. 3. Analytical curve obtained for the biosensor in blood with standard deviation
error bar.

The interference studies were made using some compounds that
are present in blood samples (Abdel-Hamid et al., 1995): uric acid,
ascorbic acid, urea, dopamine, noradrenaline. All the compounds
were tested in three different concentrations, the first one being
the same concentration normally found in the blood, and the oth-
ers are two and three times higher, respectively. The adrenaline
concentration was maintained on 8.00 x 10-> molL~, since this
concentrationis in the linear response range. The main interference
was caused by ascorbic acid (ca. 113%) on biosensor response; nev-
ertheless, this interference occurred only for high concentrations
(three times higher), what does not happen normally in blood. All
other compounds did not interfere significantly (less than 10%).

3.4. Determination of adrenaline in the samples

Table 2 shows the results obtained for the analysis of three
medicine formulations using the biosensor, one of which was com-
pared to the official UV spectrophotometric method (Brazilian
Pharmacopoeia, 1977). The results obtained with both methods are
in agreement with 95% confidence level (t-test).

To check accuracy for blood sample determinations, an addi-
tion/recovery test was made. It was added 2.73 x 10~ mol L~ and
recovered 2.44 x 10-% mol L~!. Considering the complexity of sam-
ple, the obtained recovery of 89.4% can be satisfactory.

3.5. In vivo measurements

The biosensor and the reference electrodes were inserted in the
jugular veins of the rats (Wistar), and the obtained signals can be
seen in Fig. 4.

It was not possible to wait on the stabilization of the baseline
due to the duration time of the animal anesthesia. However the
response time of the electrode was of approximately 4 min. Thus, a
graphic treatment to adjust baseline was done.

Table 2
Determination of adrenaline by the official method (Brazilian Pharmacopoeia, 1977)
and by the potentiometric biosensor.

Sample Label value (gL') Pharmacopoeia (gL-1) Biosensor (gL~!)
1 1.000 Not determined 0.920 + 0.230
2 1.000 Not determined 1.190 + 0.145
3 1.000 1.065 +0.001 1.026 + 0.002
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Fig. 4. In vivo measurements of adrenaline. The injections consisted of 0.300 mL
of 6.56 x 10> mol L~! of adrenaline. The baseline was adjusted using the Origin®
program.

Using the known medium volume of blood in a rat (16 mL),
the injected concentration of adrenaline was calculated as
1.23 x 10~ mol L~1. Three injections with the same adrenaline con-
centration were done, and the biosensor response were 20.5, 9.47
and 4.87 mV, respectively. The calculated adrenaline concentra-
tions, using the equation of matrix-matching calibration curve,
were 8.63 x 1076, 2.49 x 1076 and 1.48 x 10 mol L~ for injec-
tions 1, 2 and 3, respectively. These different values obtained
for the same quantity of adrenaline injected can be explained
due the metabolism of the animals. Generally, after 10 min of an
intravenous injection of adrenaline, it is completely eliminated
from the blood (Axelrold, 1959), during this time the adrenaline
receptors are primed on cells surfaces. In this work, the intervals
between injections were about six minutes, and after the second
injection the receptors were already activated, thus increasing the
adrenaline metabolism rate, and consequently decreasing the sig-
nal response. Therefore, considering the complexity of the sample,
the results are considered promising. It also can be noted that
the baseline was reestablished in the blood stream. This can be
attributed to the presence of dissolved oxygen in the circulatory
system, which has the same function as the hydrogen peroxide
used in medicines samples. Another important fact is the rapid
adrenaline metabolization that diminishes its concentration in
approximately two min. It should be emphasized that the effect of
most of the catecholamine is no longer than a few minutes (Bacq,
1949).

In the literature, there was no evidence for the in vivo adrenaline
determination. However, it is evident that the monitoring of this
analyte concentration is important during surgical interventions,
which can be indicative of heart failure.

For comparison effect it can be mentioned some in vivo mea-
surements with other sensors: Earl et al. (1998) that implanted
electrodes (voltammetric measurements) for the catecholamine
determination, in the sagui brain. The results showed that the cyclic
voltammetry, in this case, was unable to detect the analyte in con-
centrations lower to 108 mol L-!. Therefore, it cannot be used for
monitoring dopamine in the absence of stress that increases its
concentration. Studies accomplished for the biosensors for glu-
cose are more advanced. Different animals are used, such as mice,
dogs, chimpanzees and humans (Koschwanez and Reichert, 2007).
These biosensors can be as much intravascular as subcutaneous,
and certain complications exist for the intravascular implanta-
tion. When experiments of long duration are accomplished, such
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complications as thromboembolisms and infections may be prop-
agated.

Before exposure, it can be affirmed that the present work
presents preliminary results, due to the small amount of evalu-
ated samples. However the results are promising, once they point
to the possibility of in vivo employment of a simple and low cost
electrode.

4. Conclusions

The main characteristics of the developed biosensor are: easy
to make, well-adjusted size for in vivo measurements, good perfor-
mance in applied samples and low cost.

To the best of our knowledge in vivo determinations of
adrenaline are not found in the literature, nevertheless are impor-
tant during surgery procedures to predict a cardiac arrest. Finally,
this work presents promising results, pointing to the possibility of
the use of a simple and low cost biosensor for in vivo determinations
of adrenaline in next future.
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