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Abstract - In our previous work we have developed optical biosensor for detection of dopamine, where were used graphene 
quantum dots (GQDs) for a detection system. In such sensor dopamine molecules coated the GQD surface - as a result 
occurred quenching of fluorescence due to Resonance Energy Transfer (FRET). Changes in fluorescence corresponded to 
specific concentrations of the neurotransmitter in tested sample. Now we have constructed a new optical biosensor for 
epinephrine detection, which proved facile and convenient method for this neurotransmitter determination. Epinephrine does 
not possess any fluorescence properties in opposite to dopamine, so it was essential to prepare a new dye solution for 
detection system and carrier for epinephrine. The working Fe(II) solution was prepared freshly by mixing with the optimized 
alkaline buffer. To such prepared dye-solution were added epinephrine with different concentrations, and detected with 
LTCC-based sensor connected with immobilized biological active material. An outer platinum electrode was modified with 
semi-conductive polymer layer based on 2-([2,2'-bithiophene]-5-yl)-6-([2,3'-bithiophene]-5'-yl)-4-(5-hexylthiophene-2-
yl)pyridine and laccase, as a basis for determination system of epinephrine. In result, constructed biosensor exhibits good 
performance, strong affinity between enzyme and catecholamine, fast response to the substrate and good linear range. 
Obtained results have shown that the developed system could be used in medical diagnostics for neurotransmitters detection. 
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I. INTRODUCTION 
 
Rapid and sensitive neurotransmitters detection (i.e. 
epinephrine, dopamine, norepinephrine) is extremely 
important in modern medicine. These compounds 
mainly occurs in the brain and central nervous system 
of mammals. Epinephrine (EP) as a catecholamine 
derivative is biosynthesized in the adrenal medulla 
and sympathetic nerve terminals [1] and  it  is 
responsible for organism’s reaction under stress 
conditions: increasing blood pressure 
and concentration of glucose in blood, enhancement 
heart rate and pupil dilation [2]. In this case any 
anomaly in the EP level may be directly connected 
with cardiovascular disorders, due to this knowledge 
about influence of this species on human organism, as 
its determination is extremely important in modern 
medicine. However, there is not any available device, 
which can determine the exactly concentration of this 
neurotransmitter in patient’s body. Biosensor is a 
chemical sensor, which except of converter also 
possess a biologically active material, which is the 
base for the detection of specific chemicals in the 
sample. Each biosensor device mainly consists of two 
elements: a sensitive element, where is recognition of 
receptor-analyte, and a transducer element which 
receives the signal and converts it into a measurable 
signal. Through these two elements biosensors can be 
divided in two categories: due to the recognition 
element (e.g. enzymatic biosensor) and due to the 
transducer (e.g. optical biosensor). 
 
Acting of optical sensor is based on measurements of 
quantitative changes of parameters characterizing 

light radiation. The most often analyzed parameters 
include: amplitude (intensity), frequency and 
polarization. Changes in the optical properties of the 
compound which reacts with biological material 
coated on the sensor is analyzed by a direct method. 
In an indirect method indicators are used. They 
change the optical properties due to the 
transformation of the testing species. The most 
commonly used dyes in this method are: small 
molecules with an aromatic ring, fluorescent proteins, 
or nanoparticles such as quantum dots (QDs) [3].  
Laccase is a multi-copper enzyme which oxidize 
various aromatic and nonaromatic compounds 
accompanied by four-electron reduction  of molecular 
oxygen to water. This enzyme can directly catalyze 
the oxidation of catechol to o-quinone for quantitative 
detection [4].  
 
In a presented optical biosensor for detection of 
epinephrine, inorganic dye is used. In such sensor 
epinephrine dissolved in a carrier solution is mixed 
with dye solution in proper ratio and can be detect. 
EP concentration is proportional to the intensity of 
the measured fluorescence. Such novel optical sensor 
is fabricated with LTCC (low temperature co-fired 
ceramics) technology. It consists of microfluidic 
channel and two optical fibers. 
 
II. TECHNOLOGY 
 
The optical biosensor (Fig.1) was fabricated using 
DP951 PX LTCC material system. Eight ceramic 
tapes were used to construct it. Three bottom layers 
define bottom of the biosensor. In these layers, the 
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orifice for an optical fiber was cut. Next two layers 
consist of a microfluidic channel (0.5 mm height and 
0.5 mm wide) and channel for a second optical fiber. 
The biosensor is sealed with three LTCC layers. 
Fluidic microchannels, orifice and channel for optical 
fibers were cut in a green LTCC material using UV 
laser (Protolaser U, LPKF). All LTCC layers were 
laminated using an isostatic press (5 MPa, 70oC) and 
co-fired in a box furnace (air atmosphere, Tmax = 
850oC). In the last step, two PMMA optical fibers 
with diameter equal to 1 mm were glued to fired 
LTCC-based biosensor.  

 
Fig. 1: Model of the optical sensor 

 
III. RESULTS AND DISCUSSION 
 

Prosperities of the fabricated LTCC-based biosensor 
were verified experimentally. The measurement setup 
consisted of a peristaltic pump (Reglo ICC, Ismatec), 
DC power supply and computer for data acquisition. 
The UV Light emitting diode (λmax = 370 nm) was 
used as a source of the excitation light. The emitted 
light was measured by a light-to-digital color sensor 
(TCS 3414, ams). Three types of detection system 
was investigated: sensor without a protein, biosensors 
with laccase and tyrosinase. To construct biosensors 
it was needed to use an external Pt electrode which 
was modified with conducting polymer 2-([2,2'-
bithiophene]-5-yl)-6-([2,3'-bithiophene]-5'-yl)-4-(5-
hexylthiophene-2-yl)pyridine (Fig. 2) and laccase or 
tyrosinase as a detection system.  

 
Fig. 2: Structure of 2-([2,2'-bithiophene]-5-yl)-6-([2,3'-
bithiophene]-5'-yl)-4-(5-hexylthiophene-2-yl)-piridine 

 

During the experiment, the test sample containing 
different concentrations of epinephrine with inorganic 
dye based on iron ions was excited by a UV light. As 

a result, a fluorescent light was emitted and 
transmitted via optical fiber to a light-to-digital color 
sensor. Fig. 3 shows fluorescence intensity measured 
for various concentrations of the sample (EP) for the 
sensor (just EP+inorganic dye complex) and 
biosensors (with laccase and tyrosinase). Limits of 
detection (LOD) such systems were calculated as 
LOD = 3σ/b ,where σ is standard deviation of 
population, b is slope of the regression line (the 
absolute value); values were obtained: 0.1 nM, 2.0 
nM, 2.1 nM for sensor, biosensor with laccase and 
tyrosinase, respectively. 

 
Fig. 3: The Fluorescence Response of the Sensor NAD 

Biosensors For Various Concentrations of EP 
 
Changes in fluorescence correspond to specific 
concentrations of the catecholamine in tested sample. 
Due to that, it is possible to accurate and selective 
determination of the epinephrine in the sample, what 
can be helpful for recognition of e.g. cardiovascular 
disorders. Presented optical LTCC-based sensor can 
be an universal device, applied to the 
neurotransmitters detection on other biochemical 
compounds.  
 
CONCLUSIONS 
 
This survey proved a methods of the flow-through 
fluorescence-based sensor and biosensors for 
sensitive epinephrine determination. Described set up 
was constructed using the LTCC technology. All the 
sensing assays demonstrate exquisite parameters, as 
wide linear range (1 – 120 x 10-6 M) with a detection 
limit equals 0.14; 2.07; 2.10 [nM] for sensor, 
tyrosinase-based and laccase-based systems, 
respectively. Screen-printed Pt electrode was suitable 
for modification with poli-(2,6-di([2,2’-bithiophen]-
5-yl)-4-(5-hexylthiophen-2-yl)pyridine) which was 
an adequate matrix for the immobilization of proteins. 
The enzymes were attached to the substrate and 
preserved its high catalytic activity. Fluorescence 
measurements  indicated that the designed setups 
operated with high accuracy and reliability. Obtained 
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LOD values are lower than a wide range of  described 
electrochemical biosensor for neurotransmitter 
detection. Also, the interfering species had a 
negligible effect on the systems. All these 
characteristics establish convenient, stabile, simple 
and long-term technique for  neurotransmitters 
detection and suggest such bio-tool as an excellent 
device for diagnostic purposes. 
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