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Abstract

Purpose Obstructive sleep apnea syndrome (OSAS) is char-
acterized by elevated oxidative stress. Measurement of oxida-
tive stress in saliva seems to be promising in long-term treat-
ment monitoring of OSAS patients. In this study, our aim was
to investigate whether short-term continuous positive airway
pressure (CPAP) treatment would influence oxidative stress in
saliva.

Methods Patients with diagnosed OSAS (16 women, 28 men)
underwent polysomnography during the first night and CPAP
treatment during the second night. Saliva samples were taken
in the evening and morning on both days. Markers of oxida-
tive stress and antioxidant status were analyzed in saliva.
Results Evening concentrations of the salivary thiobarbituric
acid reacting substances (p <0.001), advanced glycation end-
products (p<0.001), and advanced oxidation protein prod-
ucts (» <0.01) were significantly lower than morning values
during the diagnostic night. However, salivary concentrations
of none of the oxidative stress markers were significantly
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influenced by the CPAP treatment. No changes in salivary
antioxidant status after CPAP therapy were found.
Conclusion Salivary markers of oxidative stress and antioxi-
dant status do not change significantly after one night treat-
ment with CPAP. On the contrary, after 1 month with CPAP
therapy, reduced markers of oxidative stress were reported.
Therefore, the future studies should be focused on finding the
optimal sampling frequency to clarify the potential of saliva
for the monitoring of OSAS treatment.

Keywords Oxidative status - Carbonyl stress - Salivary
malondialdehyde - Ferric reducing ability of saliva - Total
antioxidant capacity

Introduction

Obstructive sleep apnea syndrome (OSAS) is a sleep-related
breathing disorder with increasing prevalence worldwide [1].
Various studies showed an association between OSAS and a
higher risk of cardiovascular diseases, atherosclerosis, and
metabolic syndrome [2—4]. OSAS is clinically characterized
by repetitive phases of partial (hypopnea) or complete (apnea)
upper airflow obstruction. This leads to a lowering of hemo-
globin oxygen saturation and sleep cycle fragmentation [5].
These episodes of low oxygenation and reoxygenation mimic
ischemic—reperfusion injury leading to formation of free
radicals on one side [6] and to shutting the antioxidant
enzymes production on the other [7]. The imbalance
between free radical overproduction and decreased antioxidant
status results in oxidative stress. Both free radicals and the
products of oxidative stress interact with cellular components
or biomolecules such as proteins, lipids, and DNA, causing
their damage and altering their functions. Several studies have
clearly shown an association between OSAS and oxidative
stress, but the detailed underlying pathomechanism remains
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unclear [8, 9]. Lavie et al. found increased lipid peroxidation in
the plasma of OSAS patients when compared to controls. This
difference was diminished by continuous positive airway pres-
sure (CPAP) therapy [10]. Another study showed a higher
concentration of protein carbonyls and decreased antioxidant
status in these patients [11]. The antioxidant status of OSAS
patients was lower when measured as a ratio of oxidized and
reduced glutathione in plasma [12]. On the other hand, Kang
et al. found neither an association of OSAS with serum
malondialdehyde (MDA) nor with DNA damage [13]. The
discrepancies in the association between OSAS and oxidative
stress might be due to the unknown underlying molecular
mechanism and the variety of measured markers of oxidative
stress in the particular studies. A palette of measured markers of
oxidative stress, as well as antioxidant status, would be more
informative in this case, since adequate markers with good
clinical predictive value are still missing.

CPAP is currently the standard treatment for OSAS
patients, as it has been shown to be effective and safe
[14]. CPAP decreased various markers of oxidative stress
in a serum of patients with OSAS in several studies
[15-17]. However, Svatikova et al. showed no effect of
CPAP on oxidative stress [18].

In most of the studies focusing on oxidative stress and
OSAS, the markers of oxidative stress were measured in plas-
ma or serum. According to our knowledge, saliva is rarely
considered in the measurement of oxidative stress markers in
patients with OSAS. Saliva represents an attractive diagnostic
fluid, with an easy and noninvasive sample collection, well-
established protocols for measuring markers of oxidative stress,
and an antioxidant status [19, 20]. In our previous study, CPAP
treatment lowered oxidative stress in OSAS patients after 1 and
6 months [21], showing a potential in using saliva as a speci-
men for monitoring the OSAS treatment effect. The kinetics of
the changes of oxidative stress markers are currently not
known. Based on the study of Alzoghaibi and Bahammam
[22], which showed a significant decrease in lipid peroxidation
after a single night with CPAP treatment in plasma, we hypoth-
esized that a CPAP therapy would also decrease the concentra-
tion of other oxidative stress markers in saliva. The aim of the
current study was to analyze the effect of one night with CPAP
on markers of oxidative stress in the saliva of OSAS patients.

Material and methods

Patients

Sixteen women and 28 men, nonsmokers, were enrolled in
this study. All patients underwent polysomnography (Alice 4
or Alice 5, Respironics, Inc., Murrysville, USA) to confirm

the OSA and to determine its severity. OSA was scored when
there was a presence of continued respiratory effort during the
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hypoxic event. The apnea/hypopnea index (AHI) was calcu-
lated as the number of apneas and hypopneas per hour of sleep
for the total sleep time. Patients with AHI of more than 5 were
further analyzed. The study was performed in the sleep labo-
ratory of the University Hospital, Bratislava, Slovakia. As
outlined in Fig. 1, patients spent two nights in the sleep
laboratory and underwent a total of four sample collections.
Whole, unstimulated saliva samples were obtained in 15 ml
tubes without any additives during two consecutive days spent
at the hospital. Morning sampling was conducted before
eating or tooth-brushing, at 8.00 a.m. Evening sampling
was conducted at least 60 min after the last meal and
before tooth-brushing, at 8.00 p.m. The first night was
considered as a diagnostic night with polysomnography
(legend for the figures for the diagnostic night is
Evening/Morning before treatment). The second night was
considered as the treatment night with the CPAP (evening
and morning with CPAP in the figures). After collection,
the saliva samples were centrifuged at 1,000xg for 10 min
at 4 °C and the supernatants were stored frozen at —20 °C
(Fig. 1). All participants signed an informed consent form.
The study was approved by the Ethics committee of the Uni-
versity Hospital, Comenius University, Bratislava, Slovakia.

Biochemical analyses

All markers of oxidative stress were assessed according to
previously published protocols [21, 23]. For assessment of
thiobarbituric acid reacting substances (TBARS), 20 ul of
saliva was mixed with the same volume of thiobarbituric
acid, acetic acid, and 30 pl of distilled water. Samples
were briefly mixed and incubated for 45 min at 95 °C in
a Master cycler (Eppendorf, Hamburg, Germany). After
derivatization with n-butanol, the upper organic phase
was transferred to a new plate. Fluorescence was measured
at an emission wavelength of 553 nm and excitation
wavelength of 515 nm. The calibration curve was con-
structed using 1,1,3,3-tetramethoxypropane (intra- and
inter-assay variability 8—10 % and 10 to 14 %, respectively).
Advanced glycation end-products (AGEs), as markers of car-
bonyl stress, were measured after dilution of saliva in
phosphate-buffered saline (pH=7.2). AGEs-specific fluores-
cence was measured using excitation and emission wave-
lengths of 370 and 430 nm, respectively. AGE-modified
bovine serum albumin was used as a standard for the
calibration curve (intra- and inter-assay variability 5-9 %
and 7-10 %, respectively). Protein oxidation was determined
by the measurement of advanced oxidation protein products
(AOPP). Two hundred microliters of samples was mixed with
20 pl of glacial acetic acid. The absorbance at 340 nm was
measured. Chloramine T with potassium iodine was used to
construct the calibration curve (intra-assay variability 3—7 %
and inter-assay variability 2-10 %). The antioxidant status of
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Fig. 1 Schematic representation of the study design

saliva samples were assessed as ferric-reducing ability of
saliva (FRAS) and total antioxidant capacity (TAC). An initial
absorbance of freshly prepared FRAS reagent (a mixture of
acetate buffer, tripyridyl-s-triazine, FeCly-6H,O, and distilled
water pre-warmed to 37 °C) was measured at 593 nm. After-
wards, samples and standards (prepared using FeSO,4 7H,0)
were added and the specific absorbance was measured again.
The difference to the initial values was calculated and com-
pared to standards (intra- and inter-assay variability 0-5 % and
7-10 %, respectively). TAC in saliva was measured in the
presence of acetate buffer (pH=5.8). The initial absorbance
at 660 nm was recorded. Following the addition of ABTS
(2,2'-azino-bis(3-ethylbenzthiazoline-6-sulphonic acid)) in

acetate buffer with hydrogen peroxide, the absorbance at
660 nm was recorded again. The difference to the initial
values was calculated and compared to the calibration curve
constructed using Trolox (intra- and inter-assay variability
1-6 % and 5-15 %, respectively).

All measurements were done on the Saphire II instrument
(Tecan, Grodig, Austria). All chemicals were purchased from
Sigma-Aldrich (Steinheim, Germany).

Statistical analysis

Obtained data regarding the time course were analyzed with
repeated-measures ANOVA and Tukey post hoc test using
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GraphPad v.6.01 statistical software (GraphPad Software, San
Diego, CA, USA). The changes between the two conditions
were calculated as the difference between the morning versus
evening values of the respective nights. The differences
between genders were analyzed by an unpaired ¢ test.
The changes between the two conditions were analyzed by a
paired ¢ test. The Pearson correlation test was used to evaluate
the association between AHI and markers of oxidative stress.
p values less than 0.05 were considered significant. Results
are expressed as mean+standard error of the mean (SEM).

Results

Basic characteristics of patients are shown in Table 1. No
gender differences were found in any of the measured param-
eters, except of BMI (#=2.253, p <0.05). Therefore, data from
both genders were combined and further analyzed.

Salivary TBARS concentration as a marker of lipid perox-
idation was significantly higher by 100 % in the morning, in
comparison with the evening of the diagnostic night (Fig. 2a,
F=6.690, p<0.001), showing a similar trend in the evening
with CPAP (Fig. 2a, F=6.690, p=0.06). Similarly, salivary
AGEs were higher by 107 % in the morning when compared
to the evening of the diagnostic night (Fig. 2b, F=9.764,
p<0.001), with the same trend on the treatment night with
CPAP (Fig. 2b, F=9.764, p=0.088). Salivary AOPP showed
similar trends as TBARS and AGEs, evening vs. morning
without treatment, and evening vs. morning with CPAP
(Fig. 2¢, F=7.656, p<0.01 and p =0.058, respectively).

Table 1 Basic characteristics of patients. No gender differences in basic
characteristics of patients were found, except for BMI. Data presented as
mean+standard error of the mean (BMI body mass index, RDI respira-
tory disturbance index, A4HI apnea/hypopnea index, 75T total sleep time,
CRP C-reactive protein, TBARS thiobarbituric acid reacting substances,
AGEs advanced glycation end-products, AOPP advanced oxidation
protein products, 74C total antioxidant capacity, FRAS ferric-reducing
activity of saliva)

Women Men p value
N 16 28
Age [years] 59.71+8.03 54.48+13.90 0.21

BMI 40.44+7.97 34.80+7.40 0.03
RDI 549242122  61.34+22.08 0.38
AHI 28.41+13.33  33.20+17.08  0.37
TST [min] 3949+21.60  390.3£54.97 0.76
CRP[g1"] 9.15+4.81 6.29+4.34 0.07
Salivary TBARS [mol I'']  0.58+0.18 0.58+0.11 0.84
Salivary AGEs [mg ml '] 0.63+0.14 0.50+0.07 0.36
Salivary AOPP [umol I'']  6.2+3.78 1.67+0.72 0.22
Salivary TAC [umol 1] 882.4+100.3  1026+40.85  0.27
Salivary FRAS [pmol I"']  3782+67.80  462.7+34.14 022
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CPAP had no effect on TBARS and AGEs. The concen-
trations of these markers after one night with CPAP were
comparable to the concentrations after a night without CPAP
(Fig. 2a—c; morning without treatment vs. morning with
CPAP, p=0.96 for TBARS, p=0.73 for AGES). CPAP
partially decreased salivary AOPP by 44 %, without
reaching statistical significance (Fig. 2c, morning without
treatment vs. morning with CPAP, p =0.35). The antioxidant
status assessed by TAC and FRAS showed no dynamic
changes during the study, except FRAS during the night
without treatment (Fig. 3b, F'=4.386, evening vs. morning
without treatment, p <0.05).

The difference between the increase of individual oxidative
stress markers and antioxidant status markers during the con-
trol evening to morning and evening to morning with CPAP is
shown in Fig. 4a—e. None of the parameters showed signifi-
cant differences between the control and treatment night.

The subgroup analysis performed next did not reveal any
new information. When the patients were divided by severity
into subgroups of mild (AHI 5-15), moderate (AHI 15.1-30),
and severe (AHI>30.1) OSAS, no significant changes were
found in oxidative stress markers and antioxidant status in the
morning with CPAP when compared to the morning with-
out treatment (data not shown). Nevertheless, the subgroup
analysis copied the trends of the whole group analysis.

The Pearson correlation test showed no significant
association between salivary markers of oxidative stress
and antioxidant status with AHI (Fig. 5a—e, »=0.01231,
p=0.94 for TBARS; r=-0.01315, p=0.94 for AGEs;
r=0.02905, p=0.91 for AOPP; »=0.0819, p=0.62 for TAC;
and r=0.05329, p=0.74 for FRAS).

Discussion

Several previously published studies showed that CPAP de-
creases oxidative stress markers in the plasma of OSAS pa-
tients [24, 25]. Our previous study showed that this effect
might also be seen in saliva, at least after 1 and 6 months of
CPAP treatment. Acute effects on oxidative stress in serum or
plasma were found even after one night with CPAP [16, 22].
However, not all results are that clear [18]. The present study
was designed to prove whether salivary markers of oxidative
stress are affected by a single night with CPAP. The results of
the present study showed no significant effect of CPAP treat-
ment on measured markers of oxidative stress after one night.
In line with our previous results, antioxidant status in saliva
seems not to be affected by CPAP, either by one night, or by
6 months of treatment. The only significant result was the
FRAS increase from evening to morning during the diagnostic
night. We cannot fully explain this, particularly as the next
collections showed no change. However, one possible expla-
nation could be the fact that patients came to the hospital for
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treatment [21]. In this study, this result was not found. On
the contrary, it was AOPP that seemed to be most influ-
enced after one night of CPAP treatment, although not
reaching any level of significance (»p=0.3107, Fig. 4c).
Currently, we cannot determine why there was such a
change. However, the main difference between the previous
long-term and the current short-term study was in the
environmental settings. In the long-term study, the saliva
was collected at home, whereas in the current study patients
were in a controlled hospital environment with a standard
diet. There are some external factors that might influence
oxidative stress in saliva, such as physical activity prior to
sampling [27], or diet composition, vitamin supplementation
[28], etc. Since it is not possible to exclude all external
parameters influencing oxidative stress at home, this might
contribute to the differences observed. Indeed, the question
of the reliability of salivary markers of oxidative stress
measurement should also be addressed. Generally, all the
markers measured by our group are considered as nonspe-
cific; therefore, they might be changed in various diseases,
starting with oral diseases such as periodontitis [29], oral
premalignancies [30, 31], dental caries [32], through to
systemic diseases such as diabetes mellitus [33]. Principally,
there are two potential ways to cope with this non-
specificity—either finding a new, and more specific marker
for a particular disease, or trying to use a set of markers,
instead of one. Moreover, one of our previous studies
showed high intra- and inter-individual variability pointing
out that identification of variability sources should allow the
use of oxidative stress markers for individual treatment or
disease monitoring. In current study design settings, these
sources of variability have been avoided as much as we
know. The time of sampling was the same in all subjects
[34]: before tooth-brushing [35], either before a meal or at
least 60 min after a meal [23]. The whole saliva was
collected, since salivary collection systems may influence
the concentration of oxidative stress markers [19]. These are
all known factors contributing to individual variability, as
well as smoking (smokers excluded), or acutely ill patients
who were not included in the study. To our knowledge, this
is the second study regarding OSAS and oxidative stress in
saliva, and the first to assess such short-term dynamics of
salivary markers of oxidative stress, at least in patients with
CPAP. It is known that oxidative stress plays a role in
OSAS and its complications, when the markers are measured
in plasma [36]. But it is unknown what happens with redox
status in saliva during OSAS. The saliva is of special interest,
since its collection is easy and noninvasive compared to blood
taking. It is especially useful for longer monitoring of disease
progress or treatment effects. Saliva collection can be easily
performed even at home, and in patients that are less collab-
orative, such are children or elderly. Therefore further research
regarding its use should be conducted.

In comparison to studies measuring oxidative stress
markers in plasma, our study was not only different due to
the use of saliva. Alzoghaibi and Bahammam [22] found a
decrease in plasma malondialdehyde after one night of
CPAP. The study group consisted solely of severe OSAS
patients (AHI >30). In our patients, the mean AHI was
30.8, ranging from 5 to 66.6 thus including mild, moder-
ate, and severe groups of OSAS patients [37]. Although
the origin of oxidative stress markers in saliva is still
unknown, their association to some pathologies was
proved for several diseases such as periodontitis [38] and
diabetes mellitus [33]. Whether salivary markers of oxida-
tive stress might be useful in sleep apnea and its treatment
remains to be seen, particularly since the correlation anal-
ysis revealed no association between markers of oxidative
stress or antioxidant status in saliva and the severity of
OSAS quantified as AHI. This is in line with some
published studies [12, 18], but in contrast with others
[39, 40]. In all these studies, oxidative stress was assessed
in plasma.

There are several limitations of this study. Oxidative stress
was assessed only in saliva. It is thus not possible to compare
saliva and plasma concentrations. Collecting saliva four times
within 2 days is much easier than blood collection. The higher
compliance and the number of involved patients were consid-
ered more important than the information gathered from par-
allel plasma measurements. In one of our previous studies on
healthy volunteers, no correlation between salivary and plas-
ma levels of oxidative stress markers was found [23]. Another
limitation was the broad spectrum of patients with variable
severity of OSAS. Focusing on the severe OSAS might bring
positive results in the future. The present study group was too
small for reliable subgroup analyses and, in addition, no
correlation of oxidative stress with AHI was found. Finally,
only one night with CPAP was determined. Extending the
saliva collection to several more days after leaving the hospital
could be more informative. This was unfortunately not possi-
ble with the current patient group. These limitations could be
addressed in following studies.

In conclusion, no significant changes of salivary markers of
oxidative stress markers after one night with CPAP treatment
were observed. As CPAP treatment decreases oxidative stress
markers in saliva after 1 and 6 months, it is currently unclear
how fast these changes are. Further follow-up studies are
needed to find appropriate sampling frequency before saliva
can be used as a potential tool for the monitoring of the
treatment effects in OSAS.
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