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Um biossensor de pasta de carbono modificado com extrato bruto enzimático do fungo Pleurotus
ostreatus como fonte de lacase é proposto para a determinação de catecolaminas em formulações
farmacêuticas. Essa enzima catalisa a oxidação de adrenalina ou dopamina nas quinonas
correspondentes e a corrente obtida na redução eletroquímica de cada um dos produtos é relacionada
a concentração dessas catecolaminas em solução da amostra. O efeito da concentração de lacase de
0,29 a 1,8 U/mg de pasta de carbono, do pH de 3,0 a 8,0, da velocidade de varredura de 10 a 40 mV s1
e amplitudes de pulso de potencial de 10 a 60 mV sobre a resposta voltamétrica de pulso diferencial
foi investigado. O desvio padrão relativo foi menor que 1,8% para solução de hidroquinona 2,8 x 104
mol L-1 em pH 7 (n=10). Recuperações variando de 97,3 a 101% para adrenalina e de 95,8 a 102%
para dopamina foram obtidas. As curvas analíticas foram lineares no intervalo de concentração de
adrenalina de 6,0 x 10-5 a 7,0 x 10-4 mol L-1 e de 7,0 x 10-5 a 4,0 x 10-4 mol L-1 para dopamina, com
limites de detecção de 7,9 x 10-6 mol L-1 e 9,8 x 10-6 mol L-1, respectivamente. Esse biossensor foi
empregado para a determinação de adrenalina e dopamina em formulações farmacêuticas. Os
resultados obtidos com o biossensor para a determinação dessas catecolaminas em formulações
farmacêuticas estão em concordância a um nível de confiança de 95% com o procedimento da
Farmacopéia americana.
A carbon paste biosensor modified with a crude enzymatic extract of the Pleurotus ostreatus
fungi as a laccase source is proposed for catecholamine determination in pharmaceutical formulations.
This enzyme catalyzes the oxidation of adrenaline or dopamine in the corresponding quinones and
the current obtained in the electrochemical reduction of each of the products is related to the
concentration of these catecholamines in the sample solution. The effect of the laccase concentration
from 0.29 to 1.8 U/mg of carbon paste, pH from 3.0 to 8.0, scan rate from 10 to 40 mV s-1 and
potential pulse amplitude from 10 to 60 mV on the differential pulse voltammetric response was
investigated. The relative standard deviation was smaller than 1.8% for a 2.8 x 10-4 mol L-1 hydroquinone
solution at pH 7.0 (n=10). Recoveries varied from 97.3 to 101% for adrenaline and from 95.8 to
102% for dopamine. The analytical curves were rectilinear in the adrenaline concentration range
from 6.0 x 10-5 to 7.0 x 10-4 mol L-1 and 7.0 x 10-5 to 4.0 x 10-4 mol L-1 for dopamine, with detection
limits of 7.9 x 10-6 mol L-1 and 9.8 x 10-6 mol L-1, respectively. This biosensor was used for
adrenaline and dopamine determinations in pharmaceutical formulations. The results obtained using
the proposed biosensor are in close agreement with those obtained using an American Pharmacopoeia
procedure at a 95% confidence level.
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Introduction
Catecholamines play an important role in the central
nervous system as neurotransmitters. They also affect the
* e-mail: bello@dq.ufscar.br

regulation of blood pressure and metabolic processes.1
They possess important intrinsic pharmacological
properties and are used for the correction of hemodynamic
disorders associated with shock episodes.2
The determination of catecholamines in biological fluids normally requires the use of trace analysis techniques,
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mainly chromatography with fluorimetric or electrochemical
detection.3 On the other hand, catecholamines are present
in relatively larger amounts in pharmaceuticals and much
effort has been done to develop precise, accurate, rapid and
simple analytical procedures.4,5 Electroanalytical techniques
applied to the determination of catecholamines are good
alternatives.6-9 Nevertheless, the selectivity can be poor,
unless the electrodes are conveniently modified. Thus, the
use of enzymes has received a great deal of attention.
During the past few years there has been great interest
in the study of enzymatic electrodes, related to applications.10 In addition to purified enzymes,11-13 animal,14 and
vegetable extracts,15-18 immobilized on the electrode surface by different methods, have also been employed as
catalyst sources in both aqueous and organic solutions.
Carbon paste electrodes have been widely used owing to
the possibility of immobilizing not only enzymes, but also
ligands, redox mediators, biological tissues, to catalyze
the oxidation/reduction of compounds involved in
enzymatic reaction. The low-cost and ease of surface renewal are other important advantages.19,20
The edible mushroon Pleurotus ostreatus, a white-rot
fungus cultivated in submerged culture, has been found to
produce laccase, a copper-containing polyphenol oxidase.
Laccase (EC 1.10.3.2), catalyses the oxidation of various
aromatic compounds (di- and polyphenols, aminophenols
and diamines) by reducing molecular oxygen to water
through an oxidoreductive multicopper system.21 These
oxidases are involved in biotransformation and bioremediation processes, they can be also used in molecular
genetics,22 genetic expression,23 genetic transcription24 and
cloning.25 Consequently, laccases from white-rot fungi such
as Pleurotus ostreatus are good candidates for further
investigation, as they have potential in biosensor applications.
Thus, some purified laccases26-30 in combination with other
enzymes have been used to prepare bienzymatic electrodes
for the determination of phenolic compounds26,27 and
catecholamines.28-30 Nevertheless, only a biosensor for the
determination of O2 in water using purified laccase from
Pleurotus ostreatus has been described in the literature.31
In this paper, the construction of a biosensor based on
carbon paste modified with crude extract, obtain by
submerged culture of the fungi Pleurotus ostreatus, is
proposed for the determination of the catecholamines
adrenaline and dopamine in pharmaceutical formulations.

Experimental
Reagents and solutions
All reagents were of analytical-reagent grade and all

J. Braz. Chem. Soc.

solutions were prepared with water from a Millipore
(Bedford, MA, USA) Milli-Q system (Model UV Plus UltraLow Organics Water).
A 0.05 mol L-1 2,6-dimethoxyphenol (Sigma, St. Louis,
MO, USA) in 0.1 mol L-1 phosphate buffer solution (pH
3.5) was used for laccase activity determination.
Hydroquinone was purchased from Sigma (St. Louis,
MO, USA) and a 5.0 x 10-3 mol L-1 stock solution was
prepared daily in 0.1 mol L-1 phosphate buffer solution
(pH 7.0). Reference solutions from 6.2 x 10-5 to 8.9 x 10-3
mol L-1 were prepared from stock solution by appropriate
dilutions with the same buffer solution.
Catecholamine stock solutions at concentrations of 2.0
x 10-2 mol L-1 (Aldrich, Milwaukee, WI, USA) were prepared
in 0.1 mol L-1 phosphate buffer solution and standardized
by conventional methods.4,5 Adrenaline reference solutions
from 6.0 x 10-6 to 6.0 x 10-4 mol L-1 and dopamine reference
solutions from 6.0 x 10-6 to 3.0 x 10-4 mol L-1 were prepared
from stock solutions in 0.1 mol L-1 phosphate buffer
solutions at pH 7.0 and pH 6.0, respectively. In the
construction of the biosensors an Acheson 38 graphite
powder from Fisher and mineral oil from Sigma were used
throughout.
Instrumentation
A Hewlett-Packard (Boise, ID, USA) Model 8452A UVvisible spectrophotometer with a quartz cell (optical path
of 1.00 cm) was used in the laccase activity and total protein
determinations.
All electrochemical experiments were carried out in a
15 mL thermostated glass cell at 25 ºC. A three-electrode
assembly incorporating the biosensor as working electrode;
an Ag/AgCl (3.0 mol L-1 KCl) reference and platinum auxiliary electrodes were used in all measurements. Differential
Pulse Voltammetric measurements were performed with an
EG&G PAR, Model 273 A potentiostat/galvanostat with a
CPIB-IIA/IIA interface and a PC equipped with data acquisition and treatment software was used to record the signal
generated in the electrochemical cell.
Crude laccase extract preparation
Pleurotus ostreatus maintained on a potato agardextrose (PAD)32 medium was grown in submerged culture
in Erlenmeyer flasks (1 L) containing 200 mL of Vogel33
basal medium made of a minimal salts medium, 1% m/v
glucose and 0.2% m/v yeast extract for 7 days at
28 ºC, and shaken continuously at 180 rpm. Cell-free culture
filtrates were obtained by centrifugation, then dialyzed
against de-ionized water and freeze dried.
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The resulting supernatant was lyophilized at 4 ºC and
the crude extract utilized as the enzymatic source after
laccase activity and total protein determinations.
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enzymatic activity and low total protein present, a high
specific activity of 15.7 U (mg of protein)-1 was obtained.
A commercial laccase (Tienzyme Co)35 from the same fungi
presents a specific activity of only 10.0 U (mg of protein)-1.

Laccase activity and total protein determinations
Principle of measurements
The laccase activity of the crude extract was determined in triplicate by measurement of the absorbance at a
wavelength of 468 nm (ε = 1.0 x 104 mol-1 L cm-1) of 2,6dimethoxyquinone produced in the reaction of 0.2 mL of
enzyme solution (15 mg mL-1 crude extract), 2.7 mL of
0.05 mol L-1 2,6-dimethoxyphenol in 0.1 mol L-1 phosphate
buffer solution (pH 3.5) at 30 ºC, after five min of reaction.
Laccase activity is expressed in U (one unit corresponds
to the amount of enzyme which converts one µmol of 2,6dimethoxyphenol per minute at pH 3.5 and 30 oC).
Total protein concentration was determined in triplicate
by the method of Hartree34 using bovine serum albumin as
standard.
Biosensor preparation
The biosensor was initially prepared by adding and
then homogenizing for 20 min in a mortar, 375 mg of grafite
powder and 23 mg of crude laccase extract (1.2 units
laccase/mg of carbon paste). This mixture was subsequently
added to 110 mg of Nujol and mixed in a mortar for at least
20 min to produce the final paste. A portion of each mixture
(about 300 mg) was packed into the tip of a 1 mL insulin
plastic syringe and a copper wire was inserted to obtain
the external electric contact.
Procedure for determination of catecholamines in
pharmaceutical samples
Differential pulse voltammetric (DPV) measurements were
performed in unstirred and non-aerated 0.1 mol L-1 phosphate
buffer solutions (pH 7.0 for adrenaline and pH 6.0 for
dopamine), at 25 oC. The DPV voltammograms were obtained
by scanning the potential from 50 to – 400 mV (for adrenaline)
and from 400 to – 50 mV (for dopamine) at a scan rate of 30
mV s-1 and potential pulse amplitude of 50 mV.

Recently, the development of biosensors using novel
biological materials as biocatalysts has received
considerable attention for replacing isolated enzymes.11-13
The use of crude extract rather than isolated enzymes
represents not only alternative and attractive analytical
properties, but also simplicity, stability, longer lifetime,
lower cost and reduced co-factor requirements.19,20,36
Figure 1 shows a scheme of the enzymatic processes
between catecholamine (adrenaline or dopamine) and
laccase (PPO) of crude extract incorporated into a carbon
paste electrode. Laccase catalyse the oxidation of adrenaline
or dopamine to adrenoquinone or dopaminequinone in 1
minute. Then, the quinones produced at the electrode surface
are eletrochemically reduced to the corresponding
catecholamines at potentials of -174 mV (adrenoquinone)
and 238 mV (dopaminequinone) and the resulting cathodic
currents correlate directly with the concentration of each
catecholamine in the sample solution.
Optimization of the biosensor response
To obtain optimum response conditions for the
biosensor based on carbon paste modified with a crude
extract of Fungi Laccase, the effect of paste composition,
initial stirring time, scan rate, potential pulse amplitude
and pH (using hydroquinone, adrenaline and dopamine as
substrates) was studied. Table 1 summarizes the range over
which each variable was investigated and the optimal
values found in those studies.
The effect of enzyme concentration from 0.29 to 1.8
units laccase/mg of carbon paste was investigated. The
analytical signals (cathodic peak currents for 2.8 x 10-4
mol L-1 hydroquinone in 0.1 mol L-1 phosphate buffer
solution at pH 7.0) increased with increases in enzyme
Table 1. Optimization of biosensor parameters

Results and Discussion
Biosensor parameter

Activity and total protein determinations
As can be seen in the experimental section, laccase
activity and total protein determinations were performed
by spectrophotometry. The laccase activity obtained using
2,6-dimethoxyphenol as substract was 31.5 U mL-1 and
the total protein was 2.01 mg mL-1. Owing to the high

Enzyme concentration
(U/mg of carbon paste)
Stirring time (s)
Scan rate (mV s-1)
Potential pulse amplitude (mV)
pH
a

Range studied

Optimal value

0.29-1.8

1.2

30-150
10-40
10-60
3.0-8.0

60
30
50
7.0a; 7.0b
and 6.0 c

hydroquinone; badrenaline and cdopamine.
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Figure 1. Schematic representation of the enzymatic process between catecholamines and laccase at the biosensor surface.

concentration, using up to 0.94 units laccase/mg of carbon
paste and it was practically constant for higher enzyme
concentrations. Thus, a concentration of 1.2 units laccase/
mg of carbon paste was used in all biosensors.
The effect of initial stirring time in an interval from 30
to 150 s on the biosensor response for 2.8 x 10-4 mol L-1
hydroquinone in 0.1 mol L-1 phosphate buffer solution
(pH 7.0) was investigated to determine the best equilibrium
time for the reaction. It was observed that 60 s was the best
initial stirring to determining these substrates.
The effects of the pulse amplitudes (Figure 2) and
potential scan rate (Figure 3) on the biosensor response for
2.8 x 10-4 mol L-1 hydroquinone in 0.1 mol L-1 phosphate
buffer solution (pH 7.0) were also investigated. A pulse
amplitude of 50 mV and a potential scan rate of 30 mV s-1
were selected, since with these experimental conditions,
the highest analytical signal and very good differential
pulse voltammogram profiles were obtained.
The effect of pH (Figure 4) from 3.0 to 8.0 for 2.8 x 10-4
mol L-1 hydroquinone, 2.4 x 10-4 mol L-1 adrenaline and
3.9 x 10-4 mol L-1 dopamine solutions was investigated.
The maximum current resulting from the enzyme catalysed
reaction was observed at pH 7.0 for hydroquinone and
adrenaline and pH 6.0 for the substrate dopamine.
Therefore, a pH of 7.0 (hydroquinone and adrenaline) and
6.0 (dopamine) was used in further experiments.
Reproducibility and lifetime studies
The relative standard deviation was smaller than 1.8%

Figure 2. Differential pulse voltammograms at scan rates of 30 mV
s -1 and pulse amplitude of 40 mV for (a) 0.1 mol L -1 phosphate
buffer solution (pH 7.0) (blank) and 2.8 x 10-4 hydroquinone in 0.1
mol L-1 phosphate buffer solution (pH 7.0) at the following amplitude pulses: (b) 10 mV; (c) 20 mV; (d) 30 mV; (e) 40 mV; (f) 50 mV
and (g) 60 mV.

for 2.8 x 10-4 mol L-1 hydroquinone solution at pH 7.0
(n=10). The reproducibility of three biosensors prepared
with the same composition (375 mg of grafite powder
(73.8%m/m), 23 mg of crude laccase extract (1.2 units
laccase/mg of carbon paste) (4.5%m/m) and 110 mg of
Nujol (21.7%m/m)) showed only a slight variation (9.3%)
of the analytical curve slope.
After 14 days (over 240 determinations) the response
of the biosensor was 75% of the initial response,
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Figure 3. Differential pulse voltammograms at pulse amplitude of
50 mV and scan rate of 30 mV s -1 for (a) 0.1 mol L -1 phosphate
buffer solution (pH 7.0) (blank) and 2.8 x 10-4 hydroquinone in 0.1
mol L1 phosphate buffer solution (pH 7.0) at pulse amplitude of 50
mV and the following scan rates: (b) 10 mV s-1; (c) 20 mV s-1; (d) 30
mV s-1;(e) 35 mV s-1 and 40 mV s-1 at pulse amplitude of 50 mV.
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The effect of excipient substances frequently found with
adrenaline and dopamine in pharmaceutical formulations,
such as lactose, glucose, sodium chloride, sodium sulfite
and phosphate, was evaluated using the proposed procedure.
The ratios of the concentrations of adrenaline and dopamine
to the excipient substances were fixed at 0.1, 1.0 and 10.0.
Of the compounds investigated, only sodium sulfite causes
significant interference on biosensor response. In order to
eliminate this interference, prior sample treatment with a
formaldehyde solution15 in the [formaldehyde]/[sulfite] ratio
≥ 2 was carried out. Recoveries varying from 97.3 to 101%
of adrenaline and 95.8 to 102% of dopamine from a
pharmaceutical product were obtained using the modified
carbon paste electrode (Table 2). In this study, 33.0, 65.0,
and 107.0 mg L-1 of adrenaline solutions and 25.0, 49.0,
and 62.0 mg L-1 of dopamine solutions were added to the
samples and the cathodic current peak was obtained. The
recovery results obtained suggest the absence of a matrix
effect in those determinations.
Table 2. Results of the addition-recovery experiment using adrenaline or dopamine with three different standard concentrations

Sample
Adrenaline (Ariston)

33.0
65.0
107.0

32.1 ±0.8
64.5 ±0.9
108.1 ±0.6

97.3
99.2
101

Dopamine (Ariston)

25.0
49.0
62.0

23.9 ±0.9
50.0 ±0.6
61.7 ±0.3

95.8
102
99.5

a

Figure 4. Effect of pH on the biosensor response. : 2.8 x 10-4 mol
L-1 hydroquinone solution; : 2.4 x 10-4 mol L-1 adrenaline solution
and : 3.9 x 10-4 mol L-1 dopamine solution at 25 ºC.

confirming, as expected, the high stability of the crude
extract of the fungi laccase.
Biosensor applications
Using the optimized experimental conditions (Table
1), DPV measurements with the proposed biosensor in a
recovery study and also in the determination of adrenaline
and dopamine in pharmaceutical formulations were carried
out.

Adrenaline or dopamine
(mg L-1) a
Added
Found
Recovery (%)

n =3.

Figures 5 and 6 present the differential-pulse
voltammograms using the proposed biosensor in the
determination of adrenaline and dopamine in pharmaceutical formulations. The analytical curve obtained was
linear from 6.0 x 10-5 to 7.0 x 10-4 mol L-1 of adrenaline
(Icp = 0.17 + 42277[adrenaline] mol L-1); r=0.9989, and
from 7.0 x 10-5 to 4.0 x 10-4 mol L-1 of dopamine (Icp = 0.96
+ 63791[dopamine] mol L-1); r=0.9978, with a detection
limit (three times the blank standard deviation/slope) of
7.9 x 10-6 mol L-1 for adrenaline and 9.8 x 10-6 mol L-1 for
dopamine. Table 3 presents the results obtained for two
commercial samples using the pharmacopeial spectrophotometric procedure 37 and the proposed biosensor.
Applying a paired t-test to the results obtained by the two
procedures, it was found that all results are in agreement at
the 95% confidence level and within an acceptable range
of error.
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Conclusions
A biosensor based on carbon paste modified with a
crude extract of laccase (obtained from the fungi Pleurotus
ostreatus) is reliable, simple, rapid to prepare, of low cost,
sensitive, precise and accurate. These characteristics make
this biosensor an attractive alternative to the procedures
presently for pharmaceutical and clinical applications.
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