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A B S T R A C T

During stressful conditions, the human body synthesizes catecholamine neurotransmitters such as dopamine and 
adrenaline, and cortisol. The monitoring of these three molecules levels is crucial for stress management and 
holds significant medical applications. Here we developed an analytical device that incorporates a biomimetic 
(tongue-mimic) associated with an optical physico-chemical transducer, able to detect simultaneously cortisol, 
dopamine and adrenaline in human saliva without pre-treatments, using an array sensor based on fluorescent 
chemical receptors (BODIPY, Rhodamine, and Naphthylamides) able to interact by non-covalent interaction with 
cortisol, adrenaline and dopamine, leading to a change of the emission. Calibration, recovery and selectivity have 
been performed to validate the device. In particular, the linear responses of the array to concentration range of 1 
pM–1 mM of the three analytes were demonstrated by PLS analysis, as well as the high selectivity by PLS-DA 
analysis performed with artificial saliva samples. Analyses in real human saliva samples, compared to the 
validated analytical methods, demonstrated that our prototype represents the first point-of-care device able to 
quantify these three analytes in human saliva with one single analysis in a wider concentration range respect to 
the other standard methods.

1. Introduction

Chronical stress, which stems from both physiological and psycho
logical factors, can severely impact health, potentially leading to per
manent alterations in the immune system (Steptoe et al., 2007; Sapolsky, 
1996). Prolonged exposure to stress can result in various detrimental 
effects such as depression, neurological disorders, cardiothoracic dis
eases, and metabolic imbalances (McCowen et al., 2001). Key bio
markers associated with stress include cortisol (Burke et al., 2005), 
dopamine (DA) (Steckl and Ray, 2018), and epinephrine, also called 
adrenaline (Adr) (Wright and Malaisse, 1968).

Cortisol, a fat-soluble glucocorticoid, is often referred to as the pri
mary stress or metabolic hormone (Thau et al., 2023). It is produced and 
released from the adrenal cortex in response to signals from the hypo
thalamus (CRH) and pituitary gland (ACTH). Chronic stress, character
ized by persistent demands, can disrupt the 
Hypothalamic-Pituitary-Adrenal (HPA) axis and lead to elevated basal 
cortisol levels (Kudielka et al., 2009). Physiological cortisol levels are 

not constant and depend by the hours of the day. In particular, it can be 
found in many biological fluids, such as saliva, sweat, serum, plasma, 
urine and hairs, with a wide range of concentration (Russell et al., 2012), 
from 10 to 250 pg/mg in hair and plasma (Gonzalez et al., 2019; Tu et al., 
2020), to 0.1–12 ng/mL in blood and saliva (Kaushik et al., 2014), to 
10–150 mg/die in urine (Upasham et al., 2018). Free cortisol enters 
saliva via intracellular mechanisms and the measurement of salivary 
cortisol provides a proxy for serum-free cortisol that is biologically 
active in target tissue (Gozansky et al., 2005; Chojnowska et al., 2021; 
Estrada and Orlander, 2011).

DA (Iversen and Iversen, 2007) and Adr (Lu et al., 2011) are the main 
catecholamines neurotransmitters (NTs), both produced by the adrenal 
medulla (ANS) from phenethylamine (Giacomello et al., 2020), playing 
a fundamental role in various brain functions, in the regulation of ner
vous and cardiovascular system. Changes in DA and Adr levels are 
associated with several diseases, including Alzheimer’s (Wang et al., 
2020), Schizophrenia (Meyer-Lindenberg et al., 2002), Parkinson’s 
(Vidoni et al., 2018), Huntington’s, attention-deficit hyperactivity 
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disorder, and paragangliomas. The monitoring of DA and Adr levels is 
essential for assessing human health. Under normal conditions, the 
concentration of DA and Adr is approximately 20 ng/mL and 0–200 
pg/mL, respectively, in plasma (Turkmen et al., 2021; Boyanova, 2017), 
18.9 pg/mL for DA and 1 pg/mL for Adr in saliva (Okumura et al., 1997), 
and 0.2–1 mg/mL for DA and 0.01–0.1 μg/mL for Adr in human urine (Ji 
et al., 2018).

Saliva has emerged as a promising diagnostic fluid due to several 
advantages over other sampling methods (Kaufman and Lamster, 2002; 
Xu et al., 2014). It is relatively stress-free and easy to collect, even by 
patients with minimal training, making it accessible across age groups. 
Moreover, saliva contains a wide number of biomolecules linked to 
stress, diseases, and health, leading to the development of saliva-based 
diagnostic tests for various medical conditions (Trevisan França de 
Lima et al., 2022). Saliva holds great potential to transform medical 
diagnostics by offering a simple and accessible means for individuals to 
monitor their health. Several detection methods have been reported for 
cortisol, DA and Adr, including chromatographic (Syslova et al., 2011), 
electrophoretic (Claude et al., 2011), electrochemical (Jackowska and 
Krysinski, 2013; Sun et al., 2020; Rahman and Lee, 2019), surface 
plasmon resonance-based methods (Eddin et al., 2022; Rithesh Raj et al., 
2016) and classical instrumental analytical techniques based on HPLC 
combined with mass spectrometry (Liu et al., 2014). These methods are 
extremely selective, accurate and sensitive, but suffer from practical and 
day-to-day issues, such as the high costs, the require of specialized 
personnel and the difficulty to self-monitoring.

Point-of-care (PoC) detection devices offer an easy-to-use, low-cost, 
quicker, and more affordable option for individuals, though with 
slightly lower accuracy (Bergua More et al., 2022; Scarsi et al., 2023). 
Recent reviews have explored various methods for point-of-care detec
tion, often using nanoparticles, enzymes, electrochemical molecular 
fingerprint microneedle sensor (Mugo et al., 2023a), 
molecularly-imprinted polymers (MIP) (Mugo et al., 2023b) and fluo
rescent compounds (Santonocito et al., 2024), with recognition of stress 
biomarkers facilitated by biomolecules, like antibodies and nucleic acid 
aptamers, (for example enzyme-linked immunosorbent assay, ELISA) 
(Zhang et al., 2014). With the advantages of a smartphone as detector, 
many PoC methods could be used to monitoring DA, Adr and cortisol, 
and various other biochemical substances (Table S1, see Supporting 
Information) (Sim et al., 2022). However, no example of a PoC able to 
detect DA and Adr in saliva has been reported to date.

In this context, we developed an analytical device that incorporates a 
biomimetic (tongue-mimic) associated with an optical physico-chemical 
transducer. The Array-based optical sensors represent a new class of 
sensing devices that simulate the nose mechanism: several receptors that 
interact simultaneously with the mixture containing the target analyte, 
and after machine learning elaboration, give us a characteristic finger
print of the presence of the interested analyte. This approach improves 
selectivity with respect to the classical molecular sensors (Li and Suslick, 
2021) avoiding false-positive responses, and is particularly useful for 
natural and biological samples. Their mechanism of sensing, in fact, is 
similar to human nose or tongue: an array device contains, in few cm2, 
many probes, each of which is non-selective for the target analyte (Li 
et al., 2019). Selectivity and sensitivity are not referred to the single 
probe, but they are due to the total response of the probes and can be 
obtained by artificial intelligence elaboration (Santonocito et al., 2022, 
2023a, 2023b). Furthermore, the use of an optical fiber as detector leads 
to an easy read-out sensing, combined with a quantitative measurement 
well documented in literature (Leal-Junior et al., 2024).

Although single probe-based fluorescent sensor array is a simple and 
powerful sensing method approach (Zhang et al., 2021), the strategy 
proposed in this work consists in the simultaneous detection of cortisol, 
DA and Adr with a single array, containing 18 different synthetic fluo
rescent probes. With respect to the common analytical methods to detect 
these analytes, based on bioreceptors (polypeptides, enzymes, oligonu
cleotides), the use of synthetic receptors should lead to i) a higher 

stability in the analysis conditions, ii) the possibility to detect not only 
one analyte (as in the case of immunoassay), but all the three stress 
biomarkers, iii) the possibility to use real saliva without purification or 
pre-treatment (biomolecules used as receptor in the classical systems in 
fact can interact with the interferents commonly present in the human 
fluids, leading to degradation or false-positive responses). The synthetic 
receptors selected for the array are based on Rhodamines, BODIPY’s and 
Naphthalimides scaffolds, bearing functional groups able to interact 
with Cortisol, DA and Adr by single or multiple hydrogen bonds (see 
Fig. 1A, functional groups able to donate or accept hydrogen bonds are 
highlighted in blue). Interactions of each probe with cortisol, DA and 
Adr have been studied on solid state by using an optical fiber as detector 
of the emission change. Stress biomarkers analysis has been also carried 
out in artificial saliva prepared with the common analytes contained in 
human saliva, demonstrating the high selectivity, and in a human saliva 
without sample pretreatment steps. This is the first work reported in the 
literature to reveal all three major biomarkers of stress, such as cortisol, 
dopamine, and adrenaline with a single portable device.

2. Results and discussion

2.1. Array design

In order to realize a sensor able to selectively detect three different 
analytes, two of which have a similar structure (DA and Adr), different 
fluorescent probes were inserted into the array, capable of showing 
emissions in a wide visible range, based on a wide class of non-covalent 
interactions with stress biomarkers (Fig. 1A). In particular, four different 
classes of fluorescent sensitive probes: BODIPY’s (4, 5, 6, 7, 8, 9, 14, 15, 
16, 17, 18), Naphthalimides (12, 13), Rhodamines (1, 2, 3, 11) and 
Phenanthrene (10) were chosen. BODIPY’s, with/and without an alkyl- 
pyridinium group (in ortho, meta or para positions, respectively) lead to 
an emission in the 500–700 nm range, upon ion-dipole and dipole-dipole 
interactions with the analyte (Puglisi et al., 2024). Hydrogen bonds and 
π− π interactions of 12 and 13 with the analytes show emissions at 
shorter wavelengths, in the 450–600 nm range (Giacomello et al., 2020). 
Rhodamines lead to an emission in the 500–700 nm range due to their 
unique optical characteristics. In particular, 1, 2, and 11, contain 
functional groups which are either hydrogen bonds donor and acceptor, 
while probe 3 is functionalized with an hydrogen bonding acceptor 
group. Phenanthrene 10 shows an emission in the 400–500 nm range, 
can interact with stress biomarkers by π− π interactions.

The synthesized fluorescent probes were solubilized in CHCl3 (1 mM) 
and dropped on a polyamide support with a diameter of 5 cm. The 
emission of the probes was collected by an optical fiber, presenting a UV 
LED as source (λ = 365 nm) and a CCD as detector.

Conventional optical spectrometers, as already mentioned, with 
their high cost and large physical footprint, are not suitable for real field 
applications. For this reason, we realize an optical/colorimetric array 
emission reading system with a portable, compact, and low-cost spec
trophotometer. In particular, we used a portable and compact fiber- 
optical-based spectrophotometric device, able to acquire emission 
spectra of each probe with high resolution. Their strengths are their 
simplicity of integration and customisation and ease of configuration. 
They are suitable for consumers who do not have the necessary skills for 
effective alignment, calibration, and operation of optical systems 
(Tunens et al., 2024).

A typical spectroscopic measurement system can be divided into the 
components, represented in Fig. S1: a light source (I), a sample holder 
(II), a detection unit (III), a control unit (IV).

2.2. Sensing by fluorescent-array

Fig. 1B shows a schematic representation of the steps involved in the 
biomarkers analysis. The solid device has been prepared by using a 
circular (diameter 5 cm) polyamide support, previously activated by 
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exposing it to oxidating environment produced by UV/O3-based surface 
treatment, to reduce the interaction between the solid support itself and 
the probes/analytes. Two microliters of each probe solution (1 mM) 
have been dropped onto different portions of the solid support, then the 

solution to be analysed has been transferred by a common swab and the 
optical fiber was employed as detector, having an excitation wavelength 
of 366 nm.

For each probe, three different emission spectra have been acquired: 

Fig. 1. (A) Schematic representation of the array sensor. The receptor sites of each probe are highlighted in blue, and the real device is shown in the insert. (B) 
Procedure for sensing by array:1) choice of solid support and UV/03 treatment, 2) drop-casting of each fluorescent probe, 3) deposition of stress biomarker solutions, 
4) analysis of each fluorescent probe by optical fiber. Insert shows the emission spectra obtained by a portable spectrophotometer.

Fig. 2. Figure a–c: Radar plot showing the total response of the array after exposure to different concentrations of Cortisol, DA and Adr, respectively. Figure d–f: 
Actual vs Predicted of concentration (1 mM, 1 μM, 100 nM, 1 nM, 100 pM and 1 pM) calculated by PLS model with 3 components, The error bars in green represent 
the standard deviations calculated on the three replications.
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the starting emission (I0), the emission after the addition of the blank 
(pure water, IW) and the emission after the addition of the sample (IS). 
These data (mediated by three independent measurements) are then 
processed by multivariate analysis, obtaining graphics reported in 
Fig. 1B.

Once prepared the array, the next steps are: 1) to obtain a calibration 
of the three different stress biomarkers in water, in the concentration 
range 1 pM–1 mM; 2) to test the calibrations obtained in the first step 
recovering a known amount of stress biomarkers in an artificial saliva 
sample; 3) analysis of real saliva samples compared with a standard 
method. For cortisol, a comparison was made between the method 
currently known in the literature for the quantification of cortisol by 
immunoenzymatic method (ELISA) and our array method; on the other 
hand, for dopamine and adrenaline, standard additions were performed 
in real saliva samples.

2.2.1. Calibration, recovery and selectivity
Fig. 2a–c shows the array response, in terms of the change in emis

sion for each probe, at different concentrations of cortisol, DA and Adr 
respectively, particularly from 1 pM to 1 mM. The resulting intensity is 
calculated using the formula ([(IS - IW)/I0] x 100), where IS, IW and I0 are 
the intensity of sample, water (used as blank) and starting intensity, 
respectively (each intensity value is obtained as the average of three 
independent measurements). The radar plot is reported as a percentage, 
with positive and negative values representing the increase (turn-on) 
and decrease (turn-off) of the emission intensity, respectively. Typically, 
turn-on sensors are preferred over turn-off sensors, but the idea of our 
array is to have many probes that all respond differently, so that we have 
a fingerprint of the analyte. Therefore, using an optical fiber as a de
tector, we can quantify the emission/colour change, both in the turn-on 
and turn-off response (Fan et al., 2019; Liu et al., 2019). Notably, each 
biomarker and each concentration lead to a differently shaped radar 
plot, demonstrating the possibility to detect different stress biomarkers, 
as well as to discriminate between them in this concentration range. We 
applied Partial Least Square regression (PLS) to obtain a multivariate 

calibration response of the array for the quantification of cortisol, DA 
and Adr (Barker and Rayens, 2003). Fig. 2d–f shows the relationship 
between the expected (-log[M] scale), and predicted concentrations of 
cortisol, DA and Adr of the learning set, respectively. This calibration 
graph is obtained from the average of three replicates, with a good linear 
correlation between the expected and experimental concentrations. 
Thus, through multivariate calibration, the array can detect these stress 
biomarkers above 1 mM, with a limit of detection of 1 pM (see Fig. 2d–f).

Additionally, to test the ability of this method to detect and quantify 
exact amounts of the three stress biomarkers, we prepared an artificial 
saliva sample, having the common analytes contained in real saliva 
(Ngamchuea et al., 2018), adding a known amount of cortisol, DA and 
Adr (100 pM, like the real concentration in saliva), in addition to the 
other common interferents in saliva, such as glucose (2 nM), uric acid 
(200 μM), creatinine 1 μM), NaNO2 (200 μM), urea (3.33 mM), KNO3 
(200 μM), KH2PO4 (2.42 mM).

To this end, using the PLS model of the calibration of each stress 
biomarker dissolved in water, we loaded the data obtained from the 
artificial saliva with standard addition as a secondary test dataset. In 
particular, we obtained concentration of cortisol (p[Cortisol] = 9.84; 
144 pM), DA (p[DA] = 10.36; 44 pM) and Adr (p[Adr] = 10.22; 61 pM) 
very closed to the real value of 100 pM. As can be observed from the 
graphs in Fig. 3d–f, the red dots represent the results obtained for 
cortisol, DA and Adr, respectively. We can see that the red dot falls 
almost exactly at the point on the straight line corresponding to the 
concentration of 100 pM, demonstrating the accuracy and the selectivity 
of the method, although the presence of other common interferents in 
artificial saliva.

To highlight the high selectivity of the method, a supervised multi
variate classification model based on partial least squares discriminating 
analysis (PLS-DA) was used. The results, illustrated in Fig. 3 as the graph 
of the scores of the first two main components, revealed a pattern of 
clustering discernible between the tested analytes (Cortisol in blue, DA 
in red and Adr in green) and recovery in artificial saliva (S.A).

Sensing in human saliva. As previously stated, our analyses were 

Fig. 3. Selectivity test by PLS-DA model, t1 vs t2 scores plot. Ellipses represent T2 Hotelling at 0.95 confidence. 2D dots represent data obtained from calibration in 
water for cortisol (blue), dopamine (red) and adrenaline (green). 3D dots represent data obtained after the addition of 100 pM. Coloured ellipses are placed to help 
the eyes of the reader.
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performed on real saliva samples. In particular, saliva was collected in 
the morning using salivette from four distinct persons (samples A-D). For 
cortisol analysis, saliva samples were submitted to an analytical labo
ratory, and analysed using immunoenzymatic method, obtaining the 
results showed in Table 1. We chose to take the saliva samples in the 
morning as cortisol values follow a circadian rhythm and normal values 
are 0.32–10.76 ng/mL in the morning and 0.060–2.74 ng/mL in the 
afternoon.

Using the PLS model of the calibration of cortisol dissolved in water, 
we loaded the data obtained by the immunoenzymatic method as a 
secondary test set (Fig. 4a), we normalized the data reporting them as a 
concentration expressed in mol/L, and we applied -log[M], (in particular 
Sample A in green, 8.36, Sample B in orange, 8.26, Sample C in blue 7.91 
and Sample D in yellow 8.24). As can be seen from the graph in Fig. 4a, 
comparing the data obtained by the analysis laboratory with the data 
obtained from the array sensor, we have a good agreement between the 
predicted p[Cortisol] and the expected p[Cortisol]. This shows that our 
array sensor can quantify cortisol even in real saliva samples, without 
pretreatment steps.

For the analysis of salivary DA and Adr, due to the absence of a 
standard analytical protocol, we did not use immunological assays of 
saliva. So, to validate our array sensor, we sampled saliva from a 
volunteer, using the identical method used for cortisol. Then, we added 
known amounts of DA and Adr, in a range from 1 pM to 100 nM, 
respectively (Fig. 4b and c).

To quantify Adr and DA in real saliva, we applied PLS analysis 
obtaining a multivariate calibration response of the array. Fig. 4b and c 
shows that the calibration plot (obtained from the mean of three repli
cates) has a good linear correlation between predicted and experimental 
concentrations. In addition, to show that our array is able to quantify DA 
(Fig. 4a) and Adr (Fig. 4b) in real saliva, we analysed the real saliva 
sample without pre-treatment. In particular we used the PLS model of 
the calibration of DA and Adr in real saliva and we added as secondary 
test set the data obtained from the array for real saliva. In this instance, 
lacking a reference concentration (a predicted p[DA] and a predicted p 
[Adr]), the y-axis for this point was provided by the PLS model, instead 
the x-axis was obtained from the linear fit line equation, in order to place 
the point on the line itself (for details see experimental section). From 
the plots reported in Fig. 4b and c, obtained through multivariate 
analysis, our array is able to quantify DA and Adr in real saliva.

3. Methods

3.1. General experimental methods

The characterization of Hyperspectral Ultraviolet-Induced Visible 
Fluorescence Mapping (HUVFM) was conducted using a custom-built 
instrument. The analysis probe consists of a bundle of 19 Y-shaped fi
bers (BF19Y2HS02 sourced from Thorlabs), provided with a beam 
collimator (F220SMA-532 sourced from ThorLabs) separated by a watch 
glass from the analysis point. Among the 19 fibers, 10 are Y-ends con
nected to the source, which is a 365 nm LED sourced from Thorlabs. The 
remaining 9 fibers are linked to an optical block housing bandpass filter 

sourced from, designed to block backscattered light from the source. 
Subsequently, the CCD detector (CCS100/M sourced from Thorlabs) is 
connected to a bundle of optical fibers arranged linearly (BFL200HS02 
sourced from Thorlabs), maximizing the light collected by the sampling 
led. Multivariate analysis of dataset was performed by means of SIMCA- 
P11 (Umetrics). Dataset was centred and unity scaled.

3.2. Sensing by array: calibration

Six solutions at different concentrations (from 1 pM to 1 mM) of 
cortisol were prepared in MilliQ water, as well as of dopamine and 
adrenaline. Three sensor arrays were exposed to each solution and the 
emission spectra before and after the exposure were acquired as re
ported in SI.

A blank was also registered, consisting of MilliQ water. For statistical 
treatment, the following formula was applied: (IS - IW)/I0, where IS is the 
emission of each probe after the exposure to analyte, IW is the emission 
of each probe after the exposure to MilliQ water and I0 is the emission of 
each probe before the exposure to any analyte. In details, Figs. S6–S60
report the emission spectra of each probe (18 probes) in triplicate, 
following exposure of the analyte (a) and the blank (b). In particular, we 
have reported only spectra obtained by exposing the array to a 100 pM 
concentration of cortisol, dopamine and adrenaline, respectively. 
However, tables in the SI show all the spectral data for each concen
tration tested.

3.3. Sensing by array: recovery

In three different solutions, the recovery of cortisol, dopamine and 
adrenaline in artificial saliva was performed. To prepare the artificial 
saliva, we added dopamine (100 pM), adrenaline (100 pM), uric acid (20 
μM), testosterone (0.1 pM), glucose (72 μM), creatinine (1 μM) and some 
metal cations (Mg2+, Ca2+, Mn2+, Fe2+, Cu2+, Zn2+), dissolved in arti
ficial saliva (Artificial Saliva for Pharmaceutical Research provided by 
Merk). For the recovery of dopamine and adrenaline, artificial saliva 
was prepared without DA and Adr, respectively.

For each solution, three sensor arrays were employed, and the 
fluorescence measurements were taken following the procedure illus
trated in the SI. A blank was also registered, consisting of artificial saliva 
itself. For statistical treatment, the following formula was applied: (IS - 
IAS)/I0, where IS is the emission of each probe after the exposure to 
analyte, IAS is the emission of each probe after the exposure to artificial 
saliva and I0 is the emission of each probe before the exposure to any 
analyte.

3.4. Sensing by array: real samples

Sampling of saliva from human subjects was performed using Sal
ivette collection devices. The device consists of a cotton swab, which 
was chewed by the subject for 1 min. Then, it was wrung out through a 
sterile syringe into different vials for each subject and employed without 
pre-treatment steps. To detect cortisol in saliva, the samples were 
collected from four human subjects. To detect dopamine and adrenaline 
in saliva, the sample was collected from one human subject, and 
different additions (from 1 pM to 10 nM) of standard solutions of 
dopamine/adrenaline were done. Due to the impossibility to record a 
proper blank, for statistical treatment, the following formula was 
applied: (IS-I0)/I0, where IS is the emission of each probe after the 
exposure to analyte and I0 is the emission of each probe before the 
exposure to any analyte.

3.5. Multivariate analysis

Detailed description of the machine learning process has been pro
vided in the Supporting Information.

Table 1 
Comparison of cortisol concentration obtained by ELISA and Array methods, 
expressed in logarithmic units and ng/mL.

Method p[Cortisol] ng/mL

Sample A ELISA 8.36 1.58
Array 8.18 2.39

Sample B ELISA 8.26 1.97
Array 9.40 0.14

Sample C ELISA 7.91 4.46
Array 9.28 0.19

Sample D ELISA 8.24 2.09
Array 8.02 3.48
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4. Conclusions

The first point-of-care device, based on an optical array, able to 
detect cortisol, adrenaline and dopamine in one single analysis has been 
reported. The array is constituted by 18 fluorescent organic probes, able 
to interact with biomarkers by non-covalent interactions. The change of 
emission of each probe due to the interaction with biomarkers is 
detected by a portable optical fiber, that gives us an emission spectrum 
for each probe. Linear responses in the range 1 pM–1 mM for the three 
biomarkers have been demonstrated, as well as the high selectivity in 
artificial saliva containing the analytes and interferents commonly 
present in saliva. The method has been validated also in real saliva: four 
samples have been collected and concentration of cortisol found with 
our array have been compared with standard ELISA method, obtaining 
excellent match, detecting ng/mL of cortisol. In addition, the possibility 
to detect in saliva both dopamine and adrenaline in a range 1 pM-100 
nM, without pretreatments, has been demonstrated. Due to the absence 
of a PoC validate method for the determination of dopamine and 
adrenaline in saliva, we determined these concentrations in the four real 
saliva samples by standard addition method, thus obtaining the first PoC 
device for the determination of cortisol, adrenaline and dopamine in one 
single analysis.
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