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Development of a Biosensor Based on Myrtle (Myrtus
communis L.) Tissue Homogenate for Voltammetric
Determination of Epinephrine

Voltametrik Epinefrin Tayinine Ydnelik Hambeles (Myrtus
communis L.) Doku Homojenati
Temelli Biyosensor Sistemi Gelistirilmesi
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ABSTRACT

A plant tissue based biosensor was proposed for voltammetric determination of epinephrine (EP) in
pharmaceutical samples. The tissue homogenate was immobilized by crosslinking with glutaraldehyde
on the glassy carbon. The polyphenol oxidase enzymes present in fibers of a myrtle tree fruits maintained
high bioactivity on this biomaterial, catalyzing the oxidation of epinephrine to epinephrinequinone. Under
optimize working conditions, the biosensor showed a linear response in the range of 10-100 uM. The limit of
detection (LOD) was calculated as 3.2 x 10® mol L' (3.2 uM) (3 per slope). The reproducibility, expressed as the
relative standard deviation (RSD) for seven consecutive determinations of 5.0 x 10 mol L' EP was 4.6%. The
biosensor retained 70% activity after 11 days of storage in a phosphate buffer at 4°C. The applicability of this
biosensor was demonstrated with the analysis of real samples and a good correlation was obtained between
results acquired by the biosensor and those measured by spectrophotometric method. Such favorable results
obtained with the myrtle tissue homogenate based biosensor, joined with the simplicity and low-cost of its
preparation turns these procedures very attractive for EP quantification in pharmaceutical products.
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6z

Farmasotik numunelerde epinefrinin (EP) voltametrik tayini icin bitki dokusuna dayali yeni bir biyosensor
gelistirildi. Doku homojenati, camsi karbon lUzerinde glutaraldehit ile capraz baglanarak immobilize edildi.
Yaban mersininde (Myrtus communis L.) bulunan polifenol oksidaz enzimleri, epinefrinin epinefrinkinon'a
oksidasyonunu katalize eder. Optimize edilmis cesitli operasyonel parametreler altinda, biyosensor 10-
100 uM araliginda dogrusal bir yanit gosterdi. Tespit limiti (LOD), 3.2x10® mol L' (3.2 uM) (edim basina 3 )
olarak hesaplandi. 5.0 x 10> mol L' EP'nin yedi ardisik d6l¢lim sonucu igin goreli standart sapma (RSD) % 4.6
olarak hesaplandi. Biyosensor, 4°C'de bir fosfat tamponunda 11 gin depolandiktan sonra %70 etkinligini
muhafaza ettigi icin cok iyi stabiliteye sahiptir. Bu biyosensorun uygulanabilirligi, gercek numunelerin analizi
ile gosterildi ve biyosensor tarafindan elde edilen sonuglar ile spektrofotometrik yéntemle &lcllen sonuclar
arasinda iyi bir korelasyon elde edildi. Myrtle doku homojenatina dayal biyosensor ile elde edilen bu olumlu
sonugclar, hazirlanmasinin basitligi ve distk maliyetiyle birlesti ve bu prosedirleri farmasotik Griinlerdeki EP
kantifikasyonu icin cazip hale getirildi.
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INTRODUCTION

evelopment of biosensors using plant tissues

have gained great interest because of their
availability, low cost and high level of enzymatic
activity owing to the inherent protection by the
natural environment [1]. Furthermore, the usage
of plant tissue offers advantages such as no need
tedious and time-consuming sample preparation
steps which then turns into simple, sensitive, and
fast alternative determination methods for a wide
range of applications including pharmaceutical
analysis [2].

Epinephrine (EP), or adrenaline is a member
of catecholamine family and one of the key
neurotransmitters in mammalian central nervous
systems [3,4]. The alterationsin the concentration
of EP may cause many diseases including
smooth muscles contraction, blood pressure,
glycogenolysis and lipolysis [5]. Great e orts
have been made to improve analytical methods
for the determination of EP concentration in
various samples due to its importance for nerve
physiology, pharmacological research and the life
sciences.

A wide variety of methods have been proposed
to detect EP concentration some of which are
spectrophotometric  [6,7], chromatographic
[8,9], flow injection analysis [10], fluorimetric
[11,12], capillary electrophoresis [13] and
voltammetric methods [14]. However, some of
these methods are expensive or complicated
and in need of extraction or derivatization steps
as well. Biosensors developed using plant tissue
materials in combination with transducers offer
an alternative as compared to biosensors based
on isolated enzymes as well as others analytical
techniques in detection of catecholamines [15].
These biosensors have some advantages, such as
low cost, simplicity of construction and needless
of a co-factor for enzyme regeneration [16].
Herein, a tissue homogenate-based biosensor
is proposed for voltammetric detection of EP
in pharmaceutical samples. Plant tissues from
fruits of a common myrtle (Myrtus communis L.)
tree in southern Turkey, with a high content of
polyphenol oxidase enzymes (PPO), were used.
The homogenate of this fruits is immobilized
onto the glassy carbon electrode via gelatin,
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and cross-linked by glutaraldehyde. The high
content of PPO in the fibers of a myrtle tree
fruits maintained high bioactivity on this
biomaterial, catalyzing the oxidation of EP to
epinephrinequinone as a primary product. The
aim of the work described in this paper is to
propose a biosensor for the determination of
EP concentration in pharmaceutical samples.
In order to obtain the best biosensor response,
optimization of bioactive layer and working
conditions along with its characterization studies
are required. The electrochemical behavior of EP
on the modified electrode was explored by means
of cyclic voltammetry (CV). The results were
compared with standard method that uses UV
spectrophotometry.

MATERIALS and METHODS

Apparatus

Experiments were carried out using Palm Sense
(Netherland) potentiostat, a three electrode
system - a CHI 104 model glassy-carbon-working-
electrode (GCE), a CHI 111 model Ag/AgCl saturated
reference electrode and a CHI 115 model platinum
wire auxiliary electrode.

Reagents

All the reagents used in this study were of
analytical grade. Buffer solutions were prepared
in bidistilled water. Skin-calf-gelatin (225 bloom),
glutaraldehyde (25%), potassium phosphate
monobasic, sodium hydroxide, hydrochloric acid,
alumina, sodium acetate and sodium periodate
were purchased from Sigma Chemical Co. (USA).
Benzoquinone was purchased from Fluka. Myrtle
was harvested in Hatay-Turkey and was used
in the experiments. Adrenaline ampules were
purchased from Biofarma Drug Company (Turkey)
and Galen Drug Company (Turkey). All solutions
used in experiments were freshly prepared just
before their use.

Preparation of Bioactive Layer

First, myrtle tissue (200 mg) was homogenized in
the phosphate buffer (300 ul) by using a manual
glass homogenizer. Then, the homogenate (200
ul) and gelatin (5 mg) were mixed and incubated
at 38°C for 5 minutes to dissolve the gelatin.
After that, 50 ul of mixture was carefully spread
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Scheme 1. The working mechanism of Myrtle tissue homogenate based electrochemical biosensing system for voltammetric

analysis of epinephrine.

over the glassy carbon electrode (with a surface
area of 0.23 cm?) and allowed to dry at 4°C for 30
minutes. At the final step for the cross—linking, the
electrode was immersed in 2.5% glutaraldehyde
for 5 minutes.

Principle of the Measurements

Myrtle tissue including polyphenol oxidase
can oxidize EP to epinephrinequinone by using
dissolved oxygen [17,18]. Since the dissolution
of oxygen in water is limited, using a mediator
like p-benzoquinone overcomes the dissolution
problem of oxygen. When EP is oxidized to
epinephrinequinone, p-benzoquinone is reduced
to hydroquinone (scheme 1). Hence, the principle
of measurements is based on monitoring the
increase in the current at the reduction potential
of p-benzoquinone (at —0.05 V) by using the cyclic
voltammetric method. Cyclic voltammograms
were taken at a potential range between -0.3 &
0.3 V (scan rate 25 mV/s) and increases in the
biosensor responses and polyphenol oxidase
activity were monitored. During all measurements,
1 mM p-benzoquinone which was used as a
mediator was prepared in phosphate buffer (50
mM, pH: 7).

RESULTS and DISCUSSION

Optimization of Bioactive Layer

To detect the effect of amount of the tissue
homogenate on the biosensor response, different
amount of the homogenates were used in the
biosensor preparation. For this purpose, three

different amount of tissue homogenates were
selected (100 mg, 200 mg and 400 mg). Results
obtained from the experiments are givenin Figure
1a. According to the results, the highest biosensor
responses and the most suitable calibration
curves were obtained when 200 mg tissue was
used in the biosensor preparation (The thickness
of modified electrode was calculated to be 0.4
cm when 200 mg tissue was used). Low current
values resulted when a 100 mq tissue sample was
used because of the insufficient amount of tissue.
When 400 mg sample was used, response of the
biosensor was expected to be higher. However,
due to the dense unit volume of the tissue, the
substrate diffusion problem resulted in extension
of biosensor response time. Herein, a 4-minute
biosensor response was measured. If the time
is extended for the 400 mg sample a better
biosensor response could be acquired.

After detecting the effects of amount of
tissue homogenate on the biosensor response,
the effects of other parameters such as amount
of gelatin and percentage of glutaraldehyde
on the biosensor response were investigated
respectively. For the investigation the effect of
gelatin, the amount of tissue homogenate and
glutaraldehyde were kept constant as 200 mg
and 2.5%, whereas, different amounts of gelatin
(5 mg, 10 mg and 20 mg), were used in the
biosensor construction. Results obtained from
the experiments are given in Figure 1b. According
to the results, the highest biosensor responses
and the most suitable calibration curves were
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obtained when 10 mg gelatin was used in the
biosensor preparation. When higher and lower
amounts of gelatin were used in the biosensor
construction, decreases in the biosensor
response were observed. We speculate that when
the amount of gelatin was 5 mg, the diffusion
layer becomes thin; therefore, the tissue might
not be attached effectively which results in tissue
loss from the bioactive layer of the biosensor
caused decrease in biosensor response. On the
other hand, when 20 mg of gelatin was used, the
diffusion layer thickens, it causes difficulty for the
substrate diffusion from the reaction medium to
the electrode, which then turned into decreased
biosensor response.

After the optimal amounts of the tissue
homogenate and gelatin were determined as
200 mg and 10 mg, respectively, During the
investigation of the effect of glutaraldehyde
concentration on the biosensor response, the
amount of tissue homogenate and gelatin were
kept constant as 200 mg and 10 mg where each
of the newly prepared tissue biosensors were
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treated with 1.25%, 2.5% and 5% glutaraldehyde
t. The results obtained from the experiments
are given in Figure 1c. When 1.25 and 5.0%
glutaraldehyde were used, a slight decrease
was observed on the biosensor response due to
inadequate gelatin-gelatin cross-linkings that
caused deformation of the bioactive layer which
would lead to decrease in biosensor response.
When the cyclic voltammograms and the current
values were evaluated, the best glutaraldehyde
concentration was obtained 2.5% (w/w).

Optimization of the Working Conditions

The effect of concentration of the benzoquinone
on the biosensor response was examined using
different concentration of the benzoquinone
in the biosensor preparation. Three different
concentration of benzoquinone were selected
(0.5 mM, 1 mM and 2 mM benzoquinone) for that
purpose. With the result of the experiments the
best current values and the voltammograms were
obtained with 1 mM benzoquinone (Figure 1d)
Optimization of pH is one of the key parameters
for biosensor studies. The performance of the
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Figure 1. Optimization of a) myrtle tissue, b) gelatin, ¢) glutaraldehyde, d) benzoquinone amounts on biosensor res-

ponse.
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Figure 2. Optimization of working conditions, a) temperature, b) pH, ¢) the reproducibility and d) the storage performance

of the tissue-biosensor.

biosensors is affected with the working pH. To
detect this effect, different buffer solutions at
various pH (5.5, 6, 6.5, 7, 7.5, 8) were prepared
and used in the experiments. The results
suggested that optimum pH was 7.0 as the
highest biosensor response was obtained at this
pH (Figure 2b). Because the result is compatible
with the enzymes in their independent state, it is
indicated that the immobilization process doesn't
change the optimum pH value very much as the
optimum pH of polyphenol oxidase is also 7.0 [19].

In order to investigate the working
temperature, different biosensor systems were
prepared at various assay temperatures between
15-40°C at 5°C increments. Low biosensor
responses were received at between 20 and 25°C,
and at between 30-35°C it reached its maximum
but on the further increase in the temperature a
decrease was detected on the biosensor response
(Figure 2a). The reason for that could be the
temperatures above 35°C the gelatin starts to
melt and the tissue gets loose. On the other hand,
with the rise of the temperature, the increment
of the diffusion rate of varieties of different
chemicals causes the response to increase.

Characterization of Analytical Parameters
Linear dynamic range, stability, reproducibility,
storage stability, substrate selectivity of the
biosensor was investigated for characterization
studies. Under optimized various operational
parameters, the biosensor showed a linear
response in the range of 10-100 uM. The limit of
detection (LOD) was calculated as 3.2 x 10*® mol
L (3.2 uM) (3 per slope). Cyclic voltammograms
and the standard graphs related to the CVs are
shown in Figure 3.

The determination of the reproducibility of
the biosensor was investigated at 50.0 uM EP
(n= 7). From the experiments, the average value
(AV), standard deviation (SD) and the coefficient
of variation (CV %) were found as 51.436 +
2.467 and 4.796% respectively suggesting high
reproducibility of biosensor response.

The long term performance of the biosensor
was evaluated intermittently over a period of 13
days by monitoring its response to EP (Figure
2d). The polyphenol oxidase enzyme is resistant
to conditions out of its natural environment.
Therefore, at the end of the 13th day, an activity
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Figure 3. Sensitivity of the tissue-biosensor. (a) Cyclic voltammograms of different EP concentrations. Baseline (blue), 10
uM (red), 20 uM (green), 50 uM (yellow), 80 uM (purple) and 100 uM (pink). (b) Calibration curve obtain from 5 measure-
ments. Experiments were carried out in 50 mM PBS buffer (pH:7) at 30°C, with 0.025 v/s scan rate.

less than 50% was observed. If the activity is
accepted 100% for the first day then it could
be concluded that there is not that much of a
decrease in the biosensor response in two weeks.
This decrease in the activity of the biosensor
hence the variation in current could be attributed
to the stability of the polyphenol oxidase and
deformation of the bioactive layer by time.

In order to detect the substrate selectivity
of the biosensor, the response was measured in
the presence of L-ascorbic acid, glucose, catechol,
tyrosine and phenol at 50 uM. These molecules
were added in reaction mixture instead of EP. The
experiments were carried out at 30°C between
-0,3 V & 0.3 V potential range. The biosensor
responses obtained for EP was accepted as
100% and compared to the biosensor obtained
for the other substances. Results obtained from
the experiments are given in Figure 4a. The
results indicated that the biosensor responded
to all substances because of inclusion of various
metabolic process and enzymes of the tissue
homogenate. It is a general knowledge that
catechol and tyrosine are natural substrates of
polyphenol oxidases. As a result of this, some
responses were obtained for these compounds.

To investigate the interference effects of
L-ascorbic acid, glucose, catechol, tyrosine and
phenol on the biosensor response, 50 uM of subs-
trate was added to 50 uM of EP and the effects of
these substances in the presence of EP were in-
vestigated by the biosensor. Responses obtained
for EP were accepted to be 100% and compared
with the responses in the presence of other subs-
tances. From the experiments it can be concluded
that the highest interference was obtained with
tyrosine, catechol and phenol (Figure 4b).

Real Sample Validation

The biosensor was used for detection of EP
concentration in pharmaceutical sample. For
this purpose, the biosensor response for the
samples were determined after they were diluted.
EP concentrations of the same samples were
also detected by spectrophotometric method
to validate the results. Results obtained from
two methods were shown in Table 1. The results
suggested that tissue biosensors provided
similar results with spectrophotometric method
measurements as the values are close to the
real values. Due to no necessity to any indicators,
providing results in a short period of time, being
easy to apply, being cheap and reproducible,
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Figure 4. Selectivity (a) and interference (b) studies of the bisosensor.

Table 1. Real sample application.

Reported Conc.* . Recovery
(mM) Spectrophotometry method (mM) Biosensor (mM) (%)
Galen Pharmaceuticals 1.4 1.36 114 81.42
Biopharma Pharmaceutical 2.8 2.73 2.56 91.42

using biosensor is more advantageous over
spectrophotometric methods.

Biosensor was used for detection of
epinephrine  concentration of  adrenaline
ampoules purchased from Biofarma Drug

Company (Turkey) and Galen Drug Company
(Turkey). For this purpose, samples were
applied to biosensor after they were diluted.
For corroboration of results, epinephrine
concentrations of same ampoule samples were
detected by using spectrophotometry method.
*Epinephrine concentrations which were written
on prospectus of drugs.

CONCLUSION

A myrtle tissue homogenate-based biosensor
system for voltammetric detection of EP was
developed. Biosensor was successfully applied

for the determination of EP in a pharmaceutical
sample with a wide linear range and low detection
limit. It showed good stability in both acidic and
basic media and reproducibility. Using the tissue
homogenate as a biocomponent in biosensor
construction with a simple immobilization
procedure demonstrates a considerable economic
advantage because of low cost, which is desirable
in routine analysis. In this respect, the developed
tissue homogenate-based biosensor has the
potential to be a simple and inexpensive method
for monitoring of EP in pharmaceuticals because
of its simple preparation technique, the lack of
extra purification steps required, and a rapid and
easy operation.
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