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Abstract

Sampling of salivary cortisol and amylase is a non-invasive method and important for
the evaluation of the hypothalamic—pituitary—adrenal axis function and stress levels. This
study aimed to compare the values of the salivary cortisol and amylase levels which were
measured by three different analytical methods to discuss the alterations of stress levels of
samples. The saliva samples of young adults (n=23) were collected between 08.00 and
09.00 a.m., noon at 12.00 (before exam) and between 14.00 and 15.00 p.m. (after una-
ware exam). The samples were measured within the first 48 h, and no freezing/thawing
was done. Salivary cortisol and amylase levels of subjects were measured by three different
analytical methods as ELISA, chemiluminescence and biosensor methods. Comparison of
ELISA and biosensor methods in order to determine the salivary cortisol levels showed
a good correlation y=2.971+0.748x (R*>=0.839). Salivary amylase concentrations were
only detected by ELISA method. Biosensor can be offered as an alternative analytic
method to the conventional determination method ELISA. It can be preferred because of
the detection/information effectiveness, low cost, fast results and specificity characteristics.

Highlights

o Saliva is a non-invasive alternative body fluid which will represent health status as blood samples;
however, method comparisons are necessary to speculate on the accuracy of worked biochemical
parameters.

o Biosensor methods could be a point of care tests, easy and cheap, related with the logic of biosensor
methods, and strip tests for saliva might be developed.

o The relevancy of saliva samples are increasing among routine biochemical parameters.

o Saliva can work as a diagnostic tool.
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Introduction

Saliva samples can be used as a non-invasive monitoring tool for stress analysis by meas-
uring the cortisol levels which are one of the biomarkers of stress in addition to salivary
enzymes, a-amylase and glucocorticoids [1-3]. Recently, saliva samples have been pre-
ferred instead of blood samples as the salivary cortisol levels correlate to the cortisol levels
in serum samples. Since unbound cortisol is biologically active, it is more useful to deter-
mine the cortisol level in saliva [4-6].

Saliva cortisol, measured by traditional methods, is in free form and delivered directly
to the target tissues along the capillaries. The cortisol level of saliva reliably reflects hypo-
thalamic—pituitary—adrenal (HPA) axis activity and has been used in many studies as a bio-
logical stress marker [7].

Saliva a-amylase enzyme, which is produced by the salivary glands, was released as a
result of activation of the autonomic nervous system [8]. Both physiological and psycho-
logical stressors are used to demonstrate the relationship between saliva a-amylase enzyme
and stress. However, despite the existence of many studies explaining this relationship,
contradictory results are also encountered [9]. Saliva a-amylase enzyme can be used as an
indicator in non-invasive measurement of stress, and these measurements generally use the
substrate method (CNPG3) [10].

Enzyme-linked immunosorbent assay or autoanalyser were used to detect salivary cor-
tisol and amylase levels in many studies. However, immunoassay accuracy and precision
may be reduced due to interacting effects, such as matrix effects of sample constituents
on the antigen—antibody interaction. Also, potentially restricted analytical range can be
observed [11, 12]. Successful measurement of cortisol (steroids) depends on a very sensi-
tive and specific analysis method. Analysis of steroids by biosensor has previously been
shown to be superior to immunoassay, in terms of both increased specificity and sensitivity
[13, 14].

Alfa-amylase and cortisol levels can be measured by different methods, but no stud-
ies comparing them with each other have been found. Therefore, in this study, a-amylase
enzyme activity and cortisol levels were measured according to three different methods,
and the methods were evaluated in terms of cost, time and feasibility. In addition, data
on these methods was evaluated in terms of their relationship with stress in young adult
individuals.

Materials and Methods
Collection of Saliva Samples

Saliva samples were collected using an oral swab (SARSTEDT brand Salivette oral swab)
made of polypropylene/low-density polyethylene (LD-PE) material designed specifically
for cortisol. These tubes provide high analytical results from small quantities of samples.
In order to keep the standardization related with circadian rhythms, saliva samples were
collected between 08.00 and 09.00 a.m. Nevertheless, it was convened at 12.00 (pre-stress)
and between 14.00 and 15.00 p.m. (post-stress/after an unaware exam hour) to evaluate
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its relationship with stress. Within 60 min before the test, individuals were not allowed to
smoke, eat, drink liquids or brush their teeth. They were asked to soak the swab with saliva
for 1 or 2 min until they are saturated completely. Tubes were waited 30 min at room tem-
perature and then centrifuged for 10—15 min at approximately 3200 g. After centrifugation,
the swab and small insert were thrown away, and the large outer tube was stored at— 80 °C
until analysis.

The 23 healthy young adult of the Faculty of Dentistry students were recruited to the
study. Exclusion criteria were presence of any disease that can affect hypothalamic—pitui-
tary—adrenal (HPA) axis.

Analysis Methods

We divided saliva samples into three sets: the first set was for ELISA kit, second set was
for biosensor, and the other set was for chemiluminescence immunoassay.

ELISA

Salivary cortisol and salivary amylase were measured by using a high-sensitivity ELISA
kit (Diametra-Immunodiagnostic System; Lot:4817A; USCN SEB482Hu Enzyme-Linked
Immunoabsorbent Assay Kit, for Amylase Alpha 1, Salivary (AMY1) Lot:L181030297),
according to the manufacturer’s instructions, respectively.

Biosensor

In the current study, a previously optimized method is used in the biosensor prepared for
cortisol and amylase.

Sensor Fabrication

The cortisol and amylase sensors have a three-electrode system consisting of a nanopoly-
mer-modified gold working electrode, reference electrode and counter electrode. The bio-
active layer of the polyaniline nanopolymer—modified gold working electrode has also anti-
cortisol and anti-amylase antibody on its surface, because the biosensor system’s working
principle is depending on a specific interaction between antigen and antibody of cortisol
and amylase. When antigen—antibody interaction occurs, potential differentiation detection
with bioelectrochemical methods happens.

Differential pulse spectroscopy and cyclic voltammetry were used to characterize the
electrical performance of the fabricated sensor system and identify the electrical nature of
molecules used in each step of the immunoassay.

Polyaniline conducting nanopolymer (Sigma, USA) was used as a bioactive layer com-
ponent for surface expansion. The electrodes were immersed in aniline solution for elec-
trochemical polymerisation. Whereas a capture antibody specific to cortisol was used for
the detection of cortisol in buffer solutions which were the immunoassay reagents of the
salivary cortisol ELISA kit, a capture antibody specific to amylase was used for the detec-
tion of amylase in buffer solutions which were the immunoassay reagents of the salivary
amylase ELISA kit.
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Electrochemical differential pulse spectroscopy has been used for characterization of
binding events on the surface of sensors of working electrodes. In our method, we used an
electrochemical differential pulse spectroscopy to characterize the binding of the differ-
ent entities on the electrode surface as they create a Coulombic potential, which could be
screened as differential pulse changes. Electrical double-layer capacitance is reflective of
the coulomb potentials developed due to biomolecular binding. Experimental parameters
used in this study included Vrms=10 mV and frequency range of 10 Hz to 10 kHz [15,
16].

Calibration of Sensor Platform for Detection

Prior to testing the human salivary cortisol and salivary amylase samples, the sensor was
first calibrated by calibration standards in the PBS buffer. The target antigen was calibrated
for signal changes occurring due to binding cortisol and amylase antigen with capture anti-
body probes on the sensing electrodes and binding of detection antibody to antigen—cap-
ture antibody conjugate on the sensing electrodes. The calibration response was performed
for a total of n=10 replicates, and errors were calculated as the SD over mean. Curve
fitting was performed to establish a correlation between varying concentrations of the cali-
bration standards with respect to differential pulse measured. As a negative control, each of
the sensor arms was also tested for non-specific signal with the blank buffer solution and
cortisol and amylase from healthy volunteers.

Detection of Human Salivary Cortisol and Salivary Amylase Samples

The sensor platform was tested for feasibility and accuracy of detection of cortisol and
amylase at human salivary to show proof of feasibility for detection using differential pulse
spectroscopy toward application in companion diagnostics. A total of 23 samples were
tested, and a semi quantitative analysis was used to compare with results obtained from
ELISA. The samples were not diluted because of the wide detection range of the designed
sensor. The samples were added at a volume of 20 pL to the sensor’s working cell. The
sample was incubated for 1 min. Differential pulse measurements were performed without
the need for any wash steps.

Chemiluminescence Inmunoassay

The other set of saliva samples were used to measure cortisol and amylase levels in
saliva using cortisol and amylase testing as in serum and plasma samples. Saliva sam-
ples were transferred to the sample cups and analysed by the Beckman Coulter DxL 800
autoanalyser.

Amylase measurement is carried out enzymatically that utilizes 2-chloro-4-
nitrophenyl-a-p-maltotrioside (CNPG3) as substrate [17]. This substrate reacts directly
with a-amylase and does not require the presence of ancillary enzymes. The release of
2-chloro-4-nitrophenol (CNP) from the substrate and the resulting absorbance increase
per minute are directly related to the a-amylase activity in the sample. The resulting
increase in absorbance can be measured by spectrophotometrically at 410/480 nm.
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Cortisol assay is a competitive binding immunoenzymatic assay. A sample is added to
a reaction vessel with rabbit antibody to cortisol, cortisol-alkaline phosphatase conjugate
and paramagnetic particles coated with goat anti-rabbit capture antibody. Cortisol in the
sample competes with the cortisol-alkaline phosphatase conjugate for binding sites on a
limited amount of specific anti-cortisol antibody. Resulting antigen: antibody complexes
bind to the capture antibody on the solid phase [18, 19].

Statistical Analysis

Statistical analysis was performed using SPSS 18 statistics program, Jamovi and Analyse-
it programs. The means and standard deviations of the samples were taken in all applied
methods. To determine whether the distribution of data was normal, the Shapiro—Wilk test
was used. Since the data were distributed homogeneously, statistical analysis was done by
parametric tests. The results are presented as mean and standard deviation levels. Compari-
sons between the groups of data were evaluated by use of parametric one-way ANOVA and
the Tukey post hoc tests. Spearman’s correlation coefficient was calculated to assess the
strength and direction of the compared data. The results were evaluated with a confidence
interval of 95% and statistical significance was set at a p-value of less than 0.05. Linear
regression was carried out Passing-Bablok regression. Regression analysis of enzyme-
linked immunoabsorbent assay (ELISA), chemiluminescence immunoassay (autoana-
lyser) and biosensor data obtained in the method comparison study was performed. Differ-
ences between methods were evaluated by calculating bias and limits of agreement using
Bland—Altman charts.

Results and Discussion

Many researchers working in different fields use saliva samples to measure stress param-
eters. However, saliva sampling and detecting methods need optimizations when evaluating
stress-related parameters. The most commonly used saliva stress markers are cortisol and
amylase.

In the current study, a biosensor method was used to determine the amounts of corti-
sol and a-amylase in saliva samples. The levels of compatibility and comparison of other
measurement methods used as a reference to the new measurement method were examined
by statistical analysis. In a second step, it was discussed whether there is a difference in
saliva cortisol and amylase levels during stress status.

In 23 healthy young adults (17 female and 6 male), the mean age was 20.5 +0.95 years
(range: 20-24 years). The mean age of female and male participants of groups was
20.2+0.43 and 21.17+1.60 (p=0.001) respectively. The mean and standard deviations of
cortisol and amylase concentrations obtained in salivary samples drawn in the morning,
pre-stress and post-stress are shown in Table 1.

The results of all three methods in our study suggested that there were differences in
cortisol concentrations of saliva samples during the morning hours, which were high,
decreased at pre-stress and increased at post stress. However salivary amylase concentra-
tion was decreased in the morning and increased before and after stress.

The performance of the methods used to determine the levels of cortisol and alpha-
amylase was examined at three different time periods as in the morning, pre-stress and
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Table 1 The salivary cortisol (SC) and amylase (sAA) levels determined by different three analytical meth-
ods at different three time intervals

Time of sampling

Methods Morning Pre-stress (12.00 ) Post-stress p-value
(08.00-09.00 Mean +SD (14.00-15.00
am.) p-m.)
Mean +SD Mean +SD
SC-ELISA (pg/dL) 10.76 +3.30 8.64+3.33 12.67+5.96 0.014
SC-biosensor (ug/dL) 12.12+7.23 9.47+3.65 12.63+£3.61 <0.001
SC-autoanalyser (ug/dL) 9.66+2.93 5.76 +2.54 7.13+2.06 0.019
sAA-ELISA (ng/mL) 17.92+4.21 30.65+9.74 117.52+38.1 <0.0001

SC salivary cortisol, sAA salivary a-amylase, SD standard deviation

post-stress in young adult individuals. In Fig. 1, the findings of ELISA, biosensor and auto-
analyser method results are presented for the young adult individuals.

Saliva cortisol measurement results obtained by three methods were evaluated statis-
tically. Regression analysis was carried out to examine the relationship between them,
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Fig. 1 Performance of methods used to determine cortisol and amylase levels in samples taken at different
times. Group 1: 08.00-09.00 a.m. (morning); group 2: before exam (pre-stress); group 3: after unaware
exam (post-stress)
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Table 2 Post hoc analysis for the comparative analysis of different analytical methods of measurement for
cortisol levels between study groups

Methods of measurement for Study groups Morning Pre-stress Post-stress
salivary cortisol (ug/dL)

ELISA Morning (08.00-09.00 a.m.) - 0.235 0.308
Pre-stress (12.00 ) 0.235 - 0.007*
Post-stress (14.00-15.00 p.m.) 0.308 0.007* -

Autoanalyser Morning (08.00-09.00 a.m.) - 0.0009* 0.0001*
Pre-stress (12.00 ) 0.0009* - 0.996
Post-stress (14.00-15.00 p.m.) 0.0001* 0.996 -

Biosensor Morning (08.00-09.00 a.m.) - 0.329 0.260
Pre-stress (12.00 ) 0.329 - 0.011*
Post-stress (14.00-15.00 p.m.) 0.260 0.011%* -

“The statistical is significance is marked with asterisks p <0.05%
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and this relationship was expressed as the correlation coefficient. The values obtained
from all three methods were evaluated by Spearman correlation analysis, and a signifi-
cant difference was found between the three methods.

Each method reveals salivary cortisol concentrations close to each other for all three
times intervals; salivary amylase concentrations were detected only in the ELISA
method (Table 1). Besides, by ELISA and biosensor method, post-stress salivary corti-
sol levels were found to be higher than pre-stress. Cortisol levels of saliva samples were
found to be higher in the morning than pre- and post-stress period measured by autoana-
lyser method (Table 1). Details of post hoc analysis for comparative analysis of different
methods between different study groups are given in Table 2.

When we pooled all the salivary samples of the subjects for three methods, 69
samples were obtained for each method. There were significant positive correlations
between ELISA and biosensor levels (r=0.965%*; p=0.0005) (Fig. 2). The evaluation
of salivary cortisol levels indicated that the correlation of cortisol levels measured by
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biosensor is in strong agreement to the measurements done by the traditional ELISA
method.

On the other hand, cortisol biosensor values appear to be slightly higher than the
cortisol ELISA levels. The differences between the methods are, firstly, the biosensor
has higher sensitivity than ELISA. Secondly, the current reduction caused by impuri-
ties increases the biosensor results because the current is inversely proportional to the
solution concentration.

The distribution of cortisol results of ELISA method and autoanalyser
method is as shown in Fig. 3. The regression analysis for these two methods are
R>=0.012, a=6.2378 b=0.0811. The equation for these analyses was found as
y=6.238+40.0811x, which proved that the results of ELISA and autoanalyser method
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Fig. 3 a Distribution of cortisol results between ELISA method and Autoanalyser method. b Numerical val-
ues of the distribution of cortisol results. ¢ Bland—Altman plot of cortisol results between ELISA method
and Autoanalyser method. (Green: 08.00-09.00 (morning); blue: before exam (pre-stress); pink: unaware
exam (post stress)
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were statistically different (r=0.109; p=0.374). The present data showed that the
mean concentration of salivary cortisol measured by autoanalyser was significantly dif-
ferent from that measured by ELISA.

The distribution of cortisol results of ELISA method and biosensor method is as
shown in Fig. 4. The result of the regression analysis for these two methods is R>=0.839,
a=2.971, b=0.748. The equation of these analyses was found as y=2.971 +0.748x, which
proved that the results of ELISA and biosensor method were not statistically different
(r=0.916; p=0.0007).

When we compared the biosensor method to other methods, it was determined that the
results of the ELISA method were similar to the biosensor, but they were different from the
other method, chemiluminescence immunoassay.

The distribution of cortisol results between Autoanalyser method and biosensor method
is as shown in Fig. 5. The regression analysis of these two methods is R*=0.019, a=9.983,
b=0.153, and the equation was found as y=9.983+40.153x. It was shown that the results
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Fig.4 a Distribution of cortisol results between ELISA method and Biosensor method. b Numerical val-
ues of the distribution of cortisol results. ¢ Bland—Altman plot of cortisol results between ELISA method
and Biosensor method. (Green: 08.00-09.00 (morning); blue: before exam (pre-stress); pink: unaware exam
(post stress)
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Fig.5 a Distribution of cortisol results between Autoanalyser method and Biosensor method. b Numerical
values of the distribution of cortisol results. ¢ Bland—Altman plot of cortisol results between Autoanalyser
method and Biosensor method. (Green: 08.00-09.00 (morning); blue: before exam (pre-stress); pink: una-
ware exam (post stress)

of the autoanalyser method and biosensor method were statistically different (r=0.138;
p=0.264).

Saliva a-amylase levels could not be determined by autoanalyser and biosensor. The
biosensor method developed is not suitable for determining the level of amylase. It was
observed that the correct measurement range of the ELISA kit used for amylase was narrow,
and there was no reproducibility in the study with the saliva sample. We think that this is
due to the lack of method validation for saliva samples, although the kit is compatible with
all body fluids.

As a result of the studies conducted, it was seen that the biosensor method developed for
cortisol is an alternative method due to low cost, fast result, specificity and high detection/
information efficiency compared to ELISA.
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Conclusions

Although saliva collection and analysis show some drawbacks, with increasing analysis
and technological advances, it has been recognized as an attractive diagnostic fluid for the
detection of various saliva biomarkers.

The acceptance of any new methodological approach to assessment of cortisol and
a-amylase in a given research environment depends on the ease of saliva sampling, the
storage conditions and the reliability of available assays for analysis. Given these charac-
teristics, the cost of the new technique should be advantageous over other conventional
methods.

Biosensors, which are the laboratory technology of the twenty-first century, draw
intense attention due to their advantages compared to classical methods [15, 16]. In the
current study, a new biosensor was designed to determine saliva cortisol amounts. In line
with the obtained results, the biosensor method has been demonstrated to be applicable. It
is thought that the biosensor method can offer saliva cortisol levels as an alternative analyt-
ical method with low cost, fast results, high perception and information validity compared
to chemiluminescence immunoassay and ELISA methods.
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