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Obstructive sleep apnea syndrome (OSAS) is a disease characterized by repetitive, partially or com-
plete upper airway obstructions resulting in hypoxia and bioelectrical wakefulness reactions along with sleep.
There is a limited and different information on the biochemical pathways that may determine harmful effects
in OSAS patients with different disease severity. Hence, we aimed to estimate the plasma levels of polyamine
agmatine, which has many effects on the central nervous system, telomerase and trace minerals in patients
with OSAS. The study included 90 volunteer patients diagnosed with OSAS and divided into three groups of 30
people each according to the apnea-hypopnea index (AHI) score: mild, moderate and severe. Nocturnal blood
oxygen saturation percentage (SpO,) and body mass index (BMI) were measured. Plasma agmatine level
was defined by ultra-high-pressure liquid chromatography (UHPLC), plasma trace elements (Cu, Co, Mg,
Mo, Zn, Se) level by inductively coupled plasma mass spectrometer (ICP-MS) and serum telomerase level by
enzyme-linked immunosorbent assay (ELISA) method. It was found that SpO, value decreased as the disease
progressed and showed a negative correlation with BMI, Co and Se plasma levels. The levels of agmatine and

telomerase were shown to lower in patients with severe OSAS group compared to other groups.
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bstructive sleep apnea syndrome (OSAS) is
O a common disease described as recurrent,

complete (apnea), or partial (hypopnea)
obstruction of the airway due to upper airway col-
lapse during sleep. Immediately after this obstruc-
tion, oxygen saturation of hemoglobin decreases.
Repeated cycles of hypoxemia caused by airway
collapse have been associated with fluctuations in
sympathetic activation, reactive oxygen species
formation, increased inflammatory factors, and en-
dothelial dysfunction [1]. The apnea/hypopnea index
(AHI) indicates the severity of OSAS interpreted as
the average number of apneas and hypopneas per
hour [2].

Blood is a medium that provides the transport
and collection of essential and toxic elements. There-
fore, whole blood, plasma, and serum are suitable
samples for the determination of a person’s trace
element status [3]. Trace elements, also known as
micro minerals, are substances that take up less than
0.01% of the body mass and are of vital importance
to be found in the body. Trace elements have very
important functions for the human body. The daily
requirements are different for each trace element.

Taking these elements below daily requirements
creates a sign of deficiency while taking them in ex-
cess creates a toxic effect [4]. It has been indicated
that some immunological and inflammatory altera-
tions can affect levels of trace elements in the body
[5].

Agmatine is a biological polyamine formed by
the removal of one mole of CO, molecule from the
semi-essential L-arginine amino acid by the arginine
decarboxylase enzyme (ADC). The biosynthesis of
agmatine by ADC is dependent on the presence of
L-arginine, which is a substrate for enzymes such
as nitric oxide synthase (NOS) and arginase. L-ar-
ginine is converted to ornithine by arginase, while
NOS catalyzes the conversion of nitric oxide (NO)
and citrulline. The most important point of the ag-
matine molecule is an in vitro inhibitor of NOS and
the progress of this reaction is competitive. Moreo-
ver, this effect was associated with the functional
consequences of agmatine action in the brain [6]. It
has been reported to have many effects, mostly on
the central nervous system. It is also identified as
a new neurotransmitter [7]. In addition, it has been
reported that agmatine has some effects on the in-
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sulin release from pancreatic islet cells, inhibition
of vasopressin release, the release of adrenaline and
norepinephrine, stimulation of gastrin secretion, and
luteinizing hormone-releasing factor, and neuropro-
tective and neuromodulator missions [8].

Telomerase (EC 2.7.7.49) is a reverse-tran-
scriptase structure of ribonucleoprotein belonging to
a large family of enzyme complexes and is respon-
sible for the synthesis of “TTAGGG” repeats at the
chromosomal ends. Telomerase, which protects the
integrity of the chromosome, takes part in tumor for-
mation, aging, and cell division [9]. There are many
studies on the shortening of telomerase in OSAS pa-
tients. In studies conducted with OSAS patients, it
was found that patients had shorter telomeres than
healthy controls [10, 11].

This information suggests that exposure to hy-
poxic conditions in OSAS may adversely affect trace
element and agmatine levels by disrupting some bio-
chemical pathways that may cause harmful effects.
For example, hypoxia affects pathways such as the
formation of reactive oxygen species, disruption of
oxidant/antioxidant balance, the surge of sympa-
thetic activation and, increased inflammatory fac-
tors and endothelial dysfunction. In addition, there
is limited and different information on plasma trace
element levels and no information about plasma ag-
matine levels in OSAS. For this reason, the objective
of the study was to determine plasma trace elements
and agmatine levels in OSAS patients of different se-
verity, to assess whether these parameters reflect the
severity of OSAS. In addition, we assessed various
biochemical parameters, serum telomerase levels,
BMI, SpO,, and AHI values in patients with OSAS
and examined the correlation of these parameters
with demographic, and biochemical variables, and
disease severity.

Material and Methods

Participants and ethical conditions. The study
group consisted of 90 newly diagnosed OSAS pa-
tients who were admitted to the Clinic for Chest
Diseases of the Research and Practice Hospital of
Sivas Cumhuriyet University Faculty of Medicine
between June 2019 and March 2021. For the defini-
tive diagnosis of OSAS, the patients were hospitali-
zed overnight in the Sleep Center and a polysom-
nography test was performed. OSAS patients, who
were randomly selected without discrimination
in terms of age and gender, were connected to the
PSG (The Grass Technologies Product Group,
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USA) device for one night and various measure-
ments were taken and the values were recorded.
The apnea/hypopnea index (AHI) was defined as
the sum of the apnea and hypopnea number per
hour of sleep. Volunteer patients were grouped into
three based on apnea-hypopnea index (AHI) scores:
mild OSAS (n = 30; 5 < AHI < 13.7), modera-
te (n = 30; 15.8 < AHI < 26.6) and severe (n = 30;
34.1 < AHI < 86.3). The mean SpO, percentages of
the PSG device were measured from the fingertip
with a system-defined pulse oximeter. Demograph-
ic information and measurements such as height,
weight, and BMI were obtained before PSG.

Approval for the study permission was obtained
by Sivas Cumhuriyet University Clinical Research
Ethics Committee (2018-12/02). In addition, written
informed consent was obtained from all participants.

Discriminate criteria. Only OSAS patients
were included in the study. Attention was paid to
the fact that the study group did not have any other
additional diseases like asthma, chronic obstructive
pulmonary disease, pneumonia, psychiatric, diabe-
tes, heart failure, and those who work at night work.
Those with comorbidities were not included in the
study.

Chemicals and reagents. The chemicals and
reagents for agmatine analysis were purchased
from the listed brands, respectively; agmatine sul-
fate sodium salt, o-phthalaldehyde (Sigma, USA),
HPLC grade ultra-pure water (Tekkim, Turkey),
HPLC grade acetonitrile and methanol (Carlo Erba,
France), HPLC grade perchloric acid, 2-mercaptoe-
thanol and acetic acid (Merck, Germany), fuming
hydrochloric acid, potassium dihydrogen phosphate,
potassium hydroxide and sodium hydroxide (Isolab,
Germany), boric acid (Wisent Inc Canada ), sodium
octyl sulfate salt (Glentham Life Sciences, UK). The
chemicals for trace element analysis were purchased
from the mentioned respective brands; supra pure
nitric acid (Carlo Erba, France), hydrogen peroxide
(Merck, Germany), standard mix solution (Chem-
Lab, 23 elements ICP-QC standard solutions, Bel-
gium), internal standard germanium (Inorganic Ven-
tures, USA). Ultrapure water (Millipore, Synerg UV,
France) was used in all analyses.

Plasma/serum samples collection. In the
morning, after the PSG and nocturnal fast of at least
8 hours, venous blood samples (5 ml) were collected
in routine biochemistry blood tubes (Vacutte, USA)
for serum separation and (5 ml) in lithium heparin
tubes (Vacutte, USA) for plasma separation. Plasma/
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serum samples were then centrifuged at 4000 rpm
for 15 min. The plasma/serum samples obtained
after centrifugation were portioned into microcen-
trifuge tubes, labeled, and stored at -80°C until the
analysis was carried out.

Measurement of plasma trace element levels.
Firstly, microwave digestion of plasma samples was
performed. 1 ml plasma samples were added into tef-
lon digestion tubes. 1 ml of 35% H,O, and 2.5 ml of
67-69% supra pure HNO, were added to them, the
caps were closed tightly and placed in the microwave
digestion system (Cem Mars-6-One Touch Technolo-
gy, USA). The device was operated according to the
‘human blood analysis’ method, which is ready in
the system. After microwave digestion, the samples
were taken into 50 ml falcon tubes and the final
volume was made up to 25 ml by ultrapure water.

In order to prepare the calibration standards,
1 ppm standard was prepared from 100 ppm stock
standard mix (include 23 different elements) so-
lution of the elements to be analyzed. Then, by
diluting from 1 ppm standard solution, new calibra-
tion standard solutions were prepared at 10 different
concentrations (0.1-0.2-0.5-1-2-5-10-15-20-50 ppb).
Calibration standard solutions were prepared in 2%
HNO,. A single internal standard germanium (Ge)
was added at a concentration of 10 ppb to each of the
prepared 10 different standard solutions.

The final step was determining the levels of the
trace elements. After microwave digestion, a diluted
5 ml sample was taken and the internal standard
(10 ppb) was added. Plasma Cu, Co, Mg, Mo, Zn,
and Se levels were determined using ICP-MS (Ther-
moScientific, iICAP-Q, Germany). First, a calibra-
tion curve was plotted with the blank and calibra-
tion standard solutions readings. Prepared plasma
samples were read 3 times, averaged, and expressed
in ppb (ug/l) or ppm (mg/l).

Measurement of plasma agmatine levels. Plas-
ma agmatine levels were determined by the method
developed by Uzbay et al. (2013) [12]. Ultra high-
pressure liquid chromatography (UHPLC) (Shimad-
zu Nexera X2, Japan) instrument was used. At first,
samples were deproteinized, neutralized, derivati-
zed, and cartridged, then injected into the UHPLC
system. The standard curve was formed by plotting
the peak area versus standard solution concentration
graph of the agmatine standard peaks prepared at
3 different concentrations, the curve equation, and
the R2 value was calculated. Plasma agmatine (ppm)
levels were calculated by adding agmatine peak area

values to the standard curve equation. Agmatine
peaks were shown in Fig. 1 (A, B).

Measurement of serum telomerase levels. Se-
rum telomerase (E.C.2.7.7.49) levels were deter-
mined using enzyme-linked immunosorbent assay
(ELISA) kit (catalog number SG-11444, SinoGene-
clon Co. Ltd, Hangzhou, China), based on a double
sandwich system. The kit prospectus was followed
at every stage of the assay. The range of the assay
was 0.1 (ng/ml) - 4 (ng/ml), and the sensitivity was
0.03 (ng/ml).

Statistical analysis. The data were evaluated
with Statistical Package for the Social Sciences (IBM
SPSS Statistics, NY: IBM Corp) software, version
22. The sample size and study power were calcu-
lated using G*Power software, version 3.1. (Dussel-
dorf University, Germany). Using the data of another
study, the effect size was determined as 0.90731 and
the sample size was 90. Data were defined as mean,
standard deviation (SD), and P values. According to
the normality test (Kolmogorov Smirnov), it was de-
cided to apply non-parametric tests, since the data
are not normally distributed. Kruskal-Wallis (K-W)
test was applied to the statistical significance of the
difference in the parameters according to the groups.
The Mann-Whitney U test was used to determine
which group had a statistically significant difference
between the variables. Statistical significance was
accepted as (P < 0.05). The relationship and correla-
tion coefficients between the variables were deter-
mined by Spearman’s rho test.

Results

Demographic characteristics. There was no
statistically significant difference between groups in
terms of age and smoking habits (P > 0.05) but the
difference in terms of gender was found significant
(P =0.002) (Table 1). Study groups were prevalently
male (60 males, 66.6%; 30 females, 33.3%). In terms
of mean BMI, a statistically significant difference
was observed between mild-severe (31.3 £ 5.3 vs
34.3 £ 6.6 kg/m?) and moderate-severe (30.7 + 4.5
vs 34.3 £ 6.6 kg/m?) patient groups (P = 0.031). BMI
was highest in the severe patient groups (Fig. 2, A).

Clinical characteristics. Oxygen saturation
percentages (SpO,) showed a statistically signifi-
cant difference among mild (90.4 + 1.4%), moderate
(89.4 £ 1.5%), and severe (85.7 £ 5.4%) patient groups
(P < 0.001) (Fig. 2, B). SpO, percentages decreased
inversely with disease severity.
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Fig. 1. Agmatine peaks. A — The peak with a retention time of 7.741 min was the derivative reagent, and
10.124 min was the standard agmatine peak. B — The peak with a retention time of 7.838 min was the derivative

reagent, and 10.337 min was the plasma agmatine peak

Trace element levels. Plasma Co levels
were significantly different between mild-severe
(115 £ 0.71 pg/l, 2.11 = 1.22 pg/l) and moderate-
severe (1.27 + 0.55 pg/l, 2.11 + 1.22 pg/l) patient
groups. Co levels were found to be the highest in the
severe patient groups (P = 0.001) (Fig. 3). In addi-
tion to Co, plasma Se levels also were significantly
different between mild-moderate (70.0 + 26.3 pg/l,
99.8 £ 31.0 pg/l) and mild-severe (70.0 = 26.0 pg/I,
88.8 = 26.0 ug/l) patient groups. Se levels in the
moderate patient group were found to be higher than
in the severe and mild patient groups. Also, the Se
levels in severe patient groups were higher than the
mild patient groups (P < 0.001) (Fig. 4). There were
no significant differences in other plasma trace ele-
ment levels (Table 1).

Agmatine levels. Plasma agmatine levels were
significantly different between mild-moderate
(0.36 £ 0.17 ppm, 0.10 = 0.08 ppm), mild-severe
(0.36 = 0.17 ppm, 0.05+0.03 ppm) and moderate-
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severe (0.10 + 0.08 ppm, 0.05 £ 0.03 ppm) patient
groups. Agmatine levels were highest in the mild
patient group (P < 0.001) (Fig. 5).

Telomerase levels. Serum telomerase levels
were significantly different between mild-moderate
(0.87 £ 0.55 ng/ml, 0.56 = 0.22 ng/ml), mild-severe
(0.87 £ 0.55 ng/ml, 0.44 = 0.09 ng/ml) and moderate-
severe (0.56 £ 0.22 ng/ml, 0.44 + 0.09 ng/ml) patient
groups. Telomerase levels were highest in the mild
patient group (P < 0.001) (Fig. 6).

Table 2 shows the correlation of plasma trace
elements, agmatine, telomerase and other variables.
AHI values showed statistically significant relation-
ships with BMI, SpO,, Co, Se, agmatine, and telome-
rase levels. AHI values were negatively correlated
with SpO, (r = -0.58, P < 0.001), agmatine (r = -0.72,
P < 0.001), telomerase (r = -0.47, P < 0.001) and posi-
tively correlated with BMI (r = 0.24, P =0.03), Co
(r =0.35, P =0.001), Se (r = 0.41, P < 0.001). Also,
BMI values were negatively correlated with SpO,
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Fig. 2. A - Body mass index, BMI (P = 0.031), and B - oxygen saturation, SpO, (P < 0.001)

Table 1. Comparison of demographic and trace element variables of OSAS patients according to disease

severity
Variable : Groups, (n = 30) P
Mild \ Moderate \ Severe
Gender
Female 12 (40%) 7 (23.3%) 11 (36.7%) 0.002*
Male 18 (60%) 23 (76.7%) 19 (63.3%) 0.002*
Smoking
+ 8 (26.7%) 13 (43.3%) 15 (50%) 0.058
- 22 (73.3%) 17 (56.7%) 15 (50%) 0.058
Age 46.00 + 10.90 50.6 + 10.7 52.00 + 12.60 0.556
Cu, mg/l 1.08 £ 0.34 0.99+0.22 1.09+£0.28 0.483
Mg, mg/I 25.70 £ 8.40 20.0+3.14 21.30 £ 4.77 0.052
Mo, ug/l 510+ 2.60 6.00 £ 2.60 7.20 £5.30 0.532
Zn, mg/l 0.94+0.28 1.03+£0.36 0.94 +0.17 0.566

Data were expressed as mean + SD where appropriate, *P < 0.05, group comparisons by Mann-Whitney U-test or Chi-

Square test.

Discussion

(r =-0.43, P <0.001), and positively correlated with
Cu (r = 0.3, P = 0.004). Agmatine were positively
correlated with telomerase (r = 0.42, P < 0.001),
SpO, (r = 0.38, P < 0.001) and Mg (r = 0.23,
P = 0.03), negatively correlated with Co (r = -0.23,
P = 0.03). Telomerase was positively correlated with
SpO, (r = 0.26, P = 0.013). In addition, other trace
elements showed various correlations among them-
selves.

In this study, we evaluated the change in plas-
ma trace element, agmatine, and serum telomerase
levels in obstructive sleep apnea syndrome of dif-
ferent severity. The mild patient group is defined as
the ‘simple snoring group’ and we considered them
as the control group. In addition, we determined de-
mographic data and variables such as SpO, and BMI
to see how they changed with disease severity. BMI
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Fig. 3. Comparison of plasma cobalt (ug/l) levels
(P =0.001)
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Fig. 5. Comparison of plasma agmatine (ppm) levels
(P <0.001)

values were associated with OSAS severity which
was indicated by AHI values. We found BMI values
higher in severe OSAS compared to mild and mode-
rate OSAS patients.

The presence of sleep-related hypoxia is
known in OSAS, because of this, they had signifi-
cantly lower oxygen saturation [1]. SpO, values were
found to be lower in severe OSAS compared to other
groups and showed a negative correlation with dis-
ease severity, BMI, Co, and Se levels relation. In the
present study, SpO, values indicated that severe pa-
tients were exposed to intermittent hypoxia.
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Fig. 4. Comparison of plasma selenium (ug/l) levels
(P < 0.001)
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Fig. 6. Comparison of serum telomerase (ng/ml)
levels (P < 0.000)

Hypoxic conditions lead to a lack of a main
electron acceptor in the respiratory chain, resulting
in a reduction of adenosine triphosphate (ATP). This
reduction has negative effects on vital functions,
including many enzymatic pathways activated by
trace elements. Many trace elements also play an
important role in enzymatic reactions and oxidant/
antioxidant balance. For this reason, trace elements
may be indirectly or directly involved in the patho-
physiology of some diseases [13]. Information about
trace element levels in OSAS and their contribution
to the pathophysiology of the disease has not yet
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Table 2. Correlation of demographic and bio-
chemical variables

Variable Correlate r P value
AHI BMI 0.24 0.025*
SpO, -0.58 <0.001*

Co 0.35 0.001*

Se 0.41 <0.001*

Agmatin -0.72 <0.001*

Telomerase -0.47 <0.001*

BMI Spo, -0.43 <0.001*
Cu 0.30 0.004*

Co SpO, -0.30 0.004*
Se Cu 0.39 <0.001*
Zn 0.40 <0.001*

Mo 0.32 0.002*

SpO, -0.30 0.004*

Cu Zn 0.48 <0.001*
Mo 0.33 0.001*

Mg 0.51 <0.001*

Zn Mo 0.26 0.013*
Mg 0.32 0.002*

Agmatin Telomerase 0.42 <0.001*
Co -0.23 0.029*

Mg 0.23 0.032*

SpO, 0.38 <0.001*

Telomerase SpO, 0.26 0.013*

AHI (apnea-hypopnea index), BMI (Body mass index),
SpO, (%) (oxygen saturation percentage). *Spearman’s
rho correlations.

been clarified. In this current study, while there was
a significant difference in terms of Co and Se levels
compared to the severity of the disease, no signifi-
cant difference was found in terms of Cu, Mg, Mo,
and Zn levels.

Selenium is an important trace element in the
human body and plays a significant role in the pro-
tection of cell membranes from oxidative damage.
Se deficiency reduces antioxidant activity and has
been reported to interfere with the scavenging of
free radicals, especially in systemic inflammatory
diseases [14]. Chen et al. compared the Se levels of
the control group and moderate OSAS patients and
found the Se concentrations to be significantly re-

duced and assumed that this result reflects oxidative
damage [15]. Contrary to this study, Saruhan et al.
found increased Se levels in severe OSAS patients
compared to the control group [16]. Studies report-
ing the role of Se on the pathogenesis of OSAS in
the literature are limited to only these two studies.
In this study, we obtained results consistent with
the study of Saruhan et al. Se levels were found to
be significantly higher in the moderate and severe
patient groups compared to the mild patient group.
The importance of increased Se in our patients is
unknown. Se reduces inflammatory responses and
is essential for immune system function in disease
conditions [17]. Accordingly, Se levels may be in-
creased to have a protective effect against inflam-
matory factors and reactive oxygen species, which
are known to be elevated in OSAS patients [1, 18].
Another point of view is that Se levels might be in-
creased with disease severity because selenoproteins
developed an adaptation mechanism against chronic
hypoxia and oxidative stress [16].

Cobalt is an essential trace element that is inte-
grated into vitamin B, (cobalamin), which is of great
importance for folate and fatty acid metabolism, and
it is found in almost all of the vitamin B, found in
healthy mammalian tissues. Gastrointestinal absorp-
tion of Co salts varies with the type of compound
ingested dose, and the presence of other substances.
Co is extensively bound to serum albumin, with
5-12% of the total Co in the body [19]. In the present
study, plasma Co levels were found to be significant-
ly higher in the severe patient group when compared
to other patient groups. The reason for high Co levels
in severe OSAS can be considered as increased ab-
sorption or decreased excretion of Co. Nevertheless,
this issue needs more explanation.

In our study, it was found that plasma trace
element levels were correlated with each other and
there were complex interactions between these sub-
stances. Therefore, alterations in the concentration of
one element can affect other elements and this leads
to pathological events.

According to our knowledge, this is a unique
study to measure plasma levels of agmatine in
OSAS. Studies on agmatine are generally focused on
its contribution to the treatment and pathophysiology
of diseases with exogenous agmatine supplementa-
tion. There is a limited number of studies measuring
agmatine levels and their results vary. Agmatine
levels were found to be significantly higher in neu-
ropsychological diseases such as schizophrenia [12],
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attention deficit and hyperactivity disorder [20],
compared to the control group. Unlike these studies,
plasma levels of agmatine in patients with metabolic
syndrome were found reduced compared with their
controls [21].

Some of the important consequences of OSAS
accompanied by intermittent hypoxia are cogni-
tive dysfunction, cardiovascular pathologies, and
ischemic strokes [22]. We hypothesized that there
might be an association between agmatine and
OSAS severity with certain aspects of hypoxia,
cognitive impairment, and ischemic stroke biology.
There is no information about both the physiologi-
cal and pathological mechanism of agmatine and its
contribution to the pathophysiology of OSAS. The
antagonistic effect on glutamatergic N-Methyl-D-
aspartate (NMDA) receptors and agonist effect on
a2-adrenergic and imidazoline receptors are one of
the best-known effects of agmatine [23]. Recurrent
apneas cause very high levels of glutamate produc-
tion, which leads to apoptosis with toxic effects on
hippocampal neurons [24]. A cell culture study re-
ported that agmatine has protective effects against
cell damage caused by NMDA and glutamate exci-
totoxicity [23]. In light of this information, it can be
suggested that agmatine contributes to glutamatergic
dysfunction in OSAS. Another well-known effect of
agmatine is on inhibition of NOS [8]. Again in a cell
culture study, agmatine decreased hypoxic damage
by inhibiting nitric oxide (NO) production [25]. En-
dothelial dysfunction leads to changes in cerebral
and myocardial perfusion. In all of these, it may be
one of the most likely causes of ischemic stroke and
neurobehavioral deficiencies in OSAS by causing
brain infarction development [22]. We thought that
the increased hypoxia and endothelial dysfunction in
OSAS may have caused a decrease in both NO and
agmatine levels at the substrate level, by reducing
their substrate L-arginine levels [26]. Decreased
L-arginine levels in OSAS also support our opinion
[27]. Because of these properties of agmatine, we
hypothesized that OSAS might be affected by ag-
matine levels. As we expected in the present study,
plasma agmatine levels of OSAS patients decreased
as the disease severity increased.

Our study, which is related to the decrease
in plasma agmatine levels with disease severity,
showed that agmatine may be a target molecule for
the pathophysiology of OSAS. Additional studies
needed by adding a control group and including
more subjects will further elucidate the contribution
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of agmatine to the pathophysiology of OSAS. More-
over, it is thought that it may be useful to investigate
the therapeutic effect of agmatine on OSAS, in ad-
dition to the case studies in which many disorders
are eliminated with agmatine treatment. Agmatine
concentrations must be evaluated in other sleep and
breathing disorders.

Telomeres are repeats of complex DNA se-
guences found at the end of eukaryotic chromo-
somes and dynamic regulators of cellular lifespan
and chromosome integrity. Due to insufficient rep-
lication, telomere length gradually shortens with
each division. Therefore, telomere length is conside-
red a marker of cellular aging. Telomere shortening
is mainly compensated by the enzyme telomerase,
which adds back the telomeric DNA [28]. Hypoxia
is the primary trigger of OSAS, and a study in a cell
culture model exposed to various levels of hypoxia
looked at the length of telomeres and telomerase ac-
tivity. In a different study, telomerase activity in the
blood of OSAS patients with high AHI was found to
be lower and statistically significant compared to the
control group [29]. Investigator Boyer et al. reported
the association of recurrent hypoxemia and desatura-
tion with shortened telomeres in OSAS patients [10].

In this current study, a statistically significant
difference was found between the three groups in
serum telomerase levels. The highest telomerase
level was found in the mild patient group, while the
telomerase levels of the moderate patient group were
higher than the severe patients. We obtained results
that were consistent with our literature review. As
the severity of the disease increased, both a decrease
in SpO, percentages and, a decrease in telomerase
levels were observed. Reduced telomerase levels and
shortened telomere lengths are associated with hy-
poxia and OS [30].

If the limitations of this study were listed, first-
ly it would be more clear if the patients were com-
pared with the control group. Although we consider
the mild patient group as the control group and com-
pare accordingly, it would be more efficient to have
a control group. Knowing whether the study groups
received dietary supplements could also be useful in
the evaluation of trace element levels. An alternative
explanation for high trace element levels might be
the exposure to potential environmental, food, and
water pollution or contamination during blood col-
lection and experimental stages. In this sense, it is
very difficult to know the exposure of patients due to
the ecosystem and contamination, which limits our
study.
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Conclusion. As a result, it was found that with
the increase in the severity of OSAS disease, some
plasma trace element levels increased, agmatine and
telomerase levels reduced. The severity of the dis-
ease was also associated with BMI, and SpO,,. Fur-
thermore, our current study gained specificity by
analyzing numerous trace elements in the plasma of
OSAS patients, at the same time with a very sensi-
tive technique such as ICP-MS and comparing them
according to the severity of the disease. Also, the
first study was to measure agmatine levels in OSAS
and compare disease severity. More studies are
needed on agmatine in OSAS patients.
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AITHOE CHY
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CunzapoM  OOCTPYKTHBHOTO  amHOE  CHY
(COAC) xapakTepusyeTbcs  peLUIUBYIOUNMH,
YaCTKOBUMH a00 MOBHUMH OOTYpalisiMU BEpXHiX
JTUXaTbHUX MUISXIB, IO TPU3BOIATH JI0 TIMOKCIT Ta
Ol0CJIEKTPUYHUX PeakKiliii HEeCIaHHs y TO€JIHAHHI
31 cHoM. JlaHi 1070 OiOXIMIYHMX HIJISXiB, SIKI MO-
KyTh 00YMOBIIIOBATH HETaTHBHI €(PEKTH Y XBOPUX
Ha COAC i3 pi3HUM CTyNEHEM TSKKOCTI 3aXBO-
pIOBaHHS, € OOMEXEHUMH Ta pi3HOpiIHUMHU. Me-
TOIO0 HaIoi poOoTH OyJI0 OLIHUTH PiBHI MOJiaMiHy

arMaTuHy, SIKU Jli€ Ha IIEHTPaJIbHy HEPBOBY CH-
CTeMy, TEeJIIOMEpa3h Ta MIKPOEIEMEHTIB Y IUIa3Mi
kpoBi xBopux Ha COAC. VY nocinijkeHHI Opajiu
yuacth 90 mauieHTiB-I0OPOBONBLIB i3 AiarHO30M
COAC, sxux OyJio pO3MOAIIICHO HA TPH TPYIH IO
30 oci0 3a MOKa3HUKOM iHJEKCY amHOe-TillOIHOE
(IAT): merkwmii, TIOMIpHWH Ta TSKKHH CTYIiHBb
TSOKKOCTI. BuMIproBajiu HIYHHME BIZICOTOK HacH-
4eHHs KpoBi kucHeM (SpO,) Ta iHAEKC Macu Tija
(IMT). PiBens armatuHy B TU1a3Mi KpOBI BH3Haua-
JM METOIOM YJbTpa BHCOKOS(EKTHUBHOI PiIMHHOI
xpomarorpadii (UHPLC), piBeHb MiKpOeIEeMEHTIB
(Cu, Co, Mg, Mo, Zn, Se) y nna3mi KpoBi BH3Ha-
YaJu METOJOM Mac-CIIEKTPOMETpii 3 iHIYKTHBHO-
3B’s13aH010 T1aszmoro (ICP-MS), piBens Tenomepasu
y CHpOBATIli KPOBI — METOIOM IMYHOCH3MMHOTO
ananisy (ELISA). Bussneno, mo pisens SpO, 3nu-
JKYBaBCsI [0 Mipi IpOrpecyBaHHs 3aXBOPIOBAHHS 1
MaB HeratuBHY Kopemsmito 3 IMT, pisasmu Co i Se
B I1a3Mi kpoBi. [loka3aHo, 1110 piBHI arMaTUHY Ta
TeJIoMepa3u OyJIu HIKYUMU Y MAIIEHTIB 13 TSKKIM
nepediroMm COAC nopiBHAHO 3 IHITMMU TPyTIaMHU.

KinodoBi ¢J0Ba: CHHIPOM alHoe CHY, ar-
MaTHH, TeJIOMepasa, MikpoenaeMeHT, SpO,.
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