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Jupexmop,
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IOPEKT ITOJIUMOPDPU3MA T786C 'EHA NOS3 HA YPOBEHb METABOJINTOB OKCHUJA
A30TA Y MAIIMEHTOB C TAPOKCHU3MAJbHOM ®UBPUJIAIUEN NPEJCEPINI HA ®OHE
UIIEMHYECKOM BOJIE3HU CEPJILIA U TUTIEPTOHUYECKOM BOJIE3HA

Summary. The aim of the study was to detect effect of polymorphism T786C of NOS3 gene on levels of
nitric oxide metabolites among patients with paroxysmal atrial fibrillation, coronary heart disease combined
with hypertension.

Material and methods. To achieve this goal, a prospective study was conducted on the basis of the communal
uncommercial company “City Hospital Ne 10” of Zaporizhzhia City Council. The sample of patients was
conducted in the period from 2014 to 2019. The results of the study are based on data from a comprehensive
examination and dynamic monitoring of 176 patients with paroxysmal AF on the background of coronary heart
disease combined with hypertension, of which 98 were from the city of Zaporozhzhia and 78 were from rural
areas. Almost healthy 31 volunteers were examined on an outpatient basis.

Results

1. Decreased nitric oxide metabolites occur in patients with paroxysmal atrial fibrillation on the background
of coronary heart disease combined with hypertension compared with the healthy group.

2. The level of NO3 in the group of patients from the city was significantly lower than in the group of patients
from the rural areas.

3. The level of NO2 was lower among patients with the C7 allele of the T786C polymorphism of the NOS3
gene, whereas the value of NO3 did not depend on this polymorphism.

Annoranus. Heas uceienoBanns: BeIIBUTE BiustHEE nonnMopdusma T786C rera NOS3 Ha ypoBeHB
METa0OJMTOB OKCHIA a30Ta Yy TMAIMCHTOB C MapOKCHU3MAIbHOW (QUOpHULAUEH Tpeacepauii Ha ¢oHe
HIIIEMUYECKOH 00JIe3HA cepana nu apTepPIaJ'IBHOﬁ TUIICPTCH3UU.

MaTepI/IaJILI H METOoAbI. I[J'ISI JOCTHXKCHUA 3TOM Ja(SA1048 OBLIO MMPOBEACHO IMPOCIEKTUBHOC UCCICAOBAHUC HA
0a3e KOMMYHaITBHOTO HeKOMMepUeckoro npeanpusitus «[ opoackas 6ompHIIA Ne 105 3a0p0oKCKOT0 TOPOJCKOTO
coBera. Bribopka marnueHToB mpoBoamiack B mepuo ¢ 2014 mo 2019 roa. Pe3ynbpraTsl nccie10BaHHS OCHOBAHBI
Ha JIaHHBIX KOMIUIEKCHOTO OOCJIeIOBaHMS U JUHAMUYECKOTO HaOmoAeHus 176 malnueHToB ¢ MapoOKCU3MaIbHOM
OIT Ha ¢oHe nmemMudeckor 0OJE3HU Ceplilla B COUYETaHWU C apTePUATLHON THNIEPTEH3HEH, U3 KOTOPHIX 98 m3
ropoa 3amopoxbsi, 78 U3 CEIbCKOW MECTHOCTH. B aMOy1aTOpHBIX YCIOBHUIX ObLIO 00ce10BaHo 31 mpakTHIECKH
3JI0POBBIX TOOPOBOJIBIIA.

Ilony4eHHbIe pe3ysIbTaTh

1. V nanmeHToB ¢ mapokcu3sManbHON GHOPHILISIIEH npeacepauii Ha (oHe UIIeMHYecKoi O0Ie3HN cepara
B COYC€TaHUU C apTepI/IaJ'[LHOI\/'I FI/IHepTeH3H€fl Ha6J’IIOIla€TCH CHIDKEHHE META0OIMTOB OKCHJla a30Ta 10 CPaBHCHUTIO
€O 3JI0pOBO IPyNIOil.

2. YPOBGHL NO3 B rpynre mangueHToB U3 ropoja ObUI 3HAYUTEIBLHO HWIKE, Y€EM B I'pymie NanueHTOB U3
CENBLCKOM MECTHOCTH.

3. Yposenr NO2 6but Hike y nmanmenTtoB ¢ amteneM C7 momumopdusma T786C rena NOS3, Torna xax
srayenre NO3 He 3aBHCENI0 OT 3TOro MoMMOpGhHU3Ma.

Key words: atrial fibrillation, nitric oxide, NOS3 gene, T786¢ polymorphism, coronary heart disease,
hypertension

Kniouesvle cnosa: ubpuniayus npedcepou, okcuo azoma, 2en NOS3, norumopusm T786C, uwemuuecxas
bone3nsb cepoya, eunepmonudeckas OoaesHb.
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Introduction. Atrial fibrillation (AF) is one of the
most important medical and social problems of modern
society, which is a common cause of ischemic stroke
and leads to disability. The incidence of embolic
complications is about 2.1% per year among the
patients with paroxysmal AF, and is currently
considered as a potentially dangerous arrhythmia with
a significant increase in the incidence of serious
complications [1].

Atrial fibrillation is a multifactorial disease. In its
development such factors are leading, as old age,
arterial hypertension, environmental factors, as well as
genetic predisposition. The risk of development
increases in those who have a history of at least one
parent with this arrhythmia [2].

The assessment of endothelial dysfunction is one
of the new and most perspective areas in the study of
the pathogenesis of AF, which occurs in comorbid
pathology. Recent studies have convincingly
demonstrated the independent role of the endothelium
in the development of cardiovascular disease. To date,
the determination of the concentration of nitric oxide
metabolites in blood plasma is one of the markers of
endothelial dysfunction [3].

The development of AF against the background of
multifactorial diseases such as coronary heart disease
(CHD) and hypertension can be promoted by gene
polymorphisms. The genetic predisposition of AF has a
strong inherited component that is independent of
concomitant cardiovascular disease. Up to a third of
patients with this arrhythmia have common genetic
variants that predispose to AF, although with a
relatively low additional risk [4, 5].

The expression level of NO synthase is associated
with various diseases, such as hypertension, coronary
heart disease, atherosclerosis. At the same time, the
NOS3 gene has allelic polymorphisms that are
associated with different nitric oxide production
activity. Changes in the amino acid sequence of the
enzyme eNOS can lead to a decrease in its catalytic
activity and, as a result, low NO production in those
situations where it is locally necessary to participate in
the implementation of protective or regulatory
mechanisms [6, 7].

Research interest in eNOS polymorphisms in AF
has increased in recent years, but the results of some
studies are conflicting due to their small sample size.
According to the results of a meta-analysis of Y.Q.
Zhang et al. eNOS C786T gene locus polymorphism is
related to the risk of AF. The results have shown that
786T / C polymorphism significantly reduces the risk
of AF in white people in the control population, but the
authors conclude that further studies are needed for
further evaluation. [8].

Air pollution is an acute cause of AF, which is
likely to contribute to the adverse cardiac effects
associated with pollution observed in epidemiological
studies. An important aspect is to discover the
interaction of genes with the environment for better
understanding the various influencing factors.
Determining the interaction of genes and the

environment is useful for understanding cardiovascular
disease [9, 10].

Studies of endothelial function among patients
with paroxysmal atrial fibrillation on the background of
coronary heart disease combined with hypertension
have a great practical interest for cardiologists. The
relationship between genetic and environmental factors
will determine the different phenotypes of the disease.
Therefore, in connection with the above, there is an
interest to determine the levels of plasma nitric oxide
metabolites in different populations of patients with
paroxysmal AF and to compare those with the C786T
polymorphism of the eNOS gene, which has
determined the purpose of this work.

The aim of the study was to detect effect of
polymorphism T786C of NOS3 gene on levels of nitric
oxide metabolites among patients with paroxysmal
atrial fibrillation, coronary heart disease combined
with hypertension.

Material and methods. To achieve this goal, a
prospective study was conducted on the basis of the
communal uncommercial company “City Hospital Ne
10” of Zaporizhzhia City Council. The sample of
patients was conducted in the period from 2014 to
2019. The results of the study are based on data from a
comprehensive examination and dynamic monitoring
of 176 patients with paroxysmal AF on the background
of coronary heart disease combined with hypertension,
of which 98 were from the city of Zaporozhzhia and 78
were from rural areas. Almost healthy 31 volunteers
were examined on an outpatient basis.

Criteria for inclusion in the study: male and
female patients aged 45 to 70 years; recurrence of
paroxysmal atrial fibrillation; verified stable coronary
heart disease combined with stage Il hypertension with
known disease duration of more than 1 year; the
patient's consent to participate in the study.

Criteria for exclusion from the study:
atrioventricular block 1I-11l  degree; ventricular
arrhythmias; circulatory failure more than Il class of
NYHA,; oncological diseases; thyroid dysfunction;
diabetes; hemodynamically significant heart defects;
drug addiction, alcohol dependence, the presence of
mental disorders; refusal of the patient from further
observation.

Screening and division of patients into groups.
Verification of the diagnosis of paroxysmal atrial
fibrillation was performed in accordance with the AF
treatment guidelines of the European Society of
Cardiology 2016 [11]. The presence of AF was
determined by recording the ECG changes in the
patient during the examination. The division of patients
into groups was performed after establishing the
compliance of patients with the inclusion / exclusion
criteria of the study depending on the place of
residence, and on subgroups depending on the
combination of genotype polymorphism T786C.

- the first group included 98 patients with AF from
the city (the median of age was 61.0 [45.0; 70.0] years);

- the second group included 78 patients with AF
from rural areas (the median of age was 60.0 [46.0;
69.0] years);
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- the third group included 31 almost healthy
volunteers (the median of age was 58.0 [45.0; 66.0]
years).

Determination of the level of nitrate and nitrite
ions in blood plasma was performed by a method based
on the reduction of nitrates to nitrites with a further
determination of the latter by reaction with Gris
reagent. the optical density was measured on a
spectrophotometer SF-46 (Russia) at a wavelength of
540 nm. The calculation of the amount of nitrites was
carried out according to the calibration graph based on
nitrogen nitrite. The study obtained three results: the
content of nitrite ions (NO2) (umol / 1), the content of
nitrate ions (NO3) (umol / 1) and the total content of
nitrite and nitrate ions (NO2 + NO3) (umol / I).

Gene polymorphism was determined by
polymerase chain reaction (PCR). Genomic DNA was
isolated from peripheral blood leukocytes using a
standard DNA-express blood test system (Litech,
Russia) according to the manufacturer's instructions.
Determination of SNP  (Single  Nucleotide
Polymorphism) polymorphisms C786T of gene eNOS
was performed by real-time PCR using the amplifier
"Rotor-Gene 6000", Australia. The structure of primers
from standard sets "SNP-express-RV" (Litech) was
used.

Statistical analysis. The analysis of distribution
on each studied indicators by means of Shapiro-Wilk
criterion was carried out. The obtained data were
presented as the median and interquartile range of Me
[Q25; Q75]. When testing statistical hypotheses, the
null hypothesis was rejected at a level of statistical
significance (p) below 0.05. To compare it was used the
analysis of variance (One-way ANOVA) followed by
aposteriori tests (post-hoc analysis). Equality of
variances was checked using the Levene's test. In the
case of equality of variances in the studied groups, the
Scheffe criterion was used. In the absence of equality
of variances, the Tamhane's T2 test was used. In the
case of distribution of data other than normal, when
comparing independent variables used an analogue of
analysis of variance - Krukal-Wallis method (H-test)
followed by post-hoc analysis using Dunn's test
(Dunn). For statistical data processing the statistical
software package PSPP (version 1.2.0, GNU Project,
1998-2018, license GNU GPL) was used.

Results and Discussion. Levels of nitric oxide
metabolites in the blood plasma of the subjects were
determined. Table 1 presents the distribution depending
on the groups of respondents.

Table 1.

Levels of nitric oxide metabolites in the blood plasma of subjects (Me [25 ; 75], h = 207)

Groups of surveyed persons
. AF city AF rural areas Healthy individuals
Variable (n=98) (n=78) (n=31)
1 2 3
NO,, umol /1 7,02 [5,74 : 8,14] 6,77 [5,47 : 7,98] 8,46 [7,45 ; 9,45]
P-value P12= 1,0 P2-3< 0,001 P1-3< 0,001
NOs, umol /1 10,36 [8,14 ; 13,32] 11,69 10,36 ; 15,33] 13,36 [11,85; 15,35]
P-value P1-2= 0,04 P2-3= 0,08 P1-3< 0,001
NOz+ NOs, umol /| 17,60 [14,80 ; 20,35] 18,02 [15,83; 21,78] 21,56 [20,38 ; 24,53]
P-value P12 = 0,22 P2-3< 0,001 P1-3< 0,001

NO2 levels in groups of patients from both urban
and rural areas were significantly lower against the
value of 8.46 [7.45; 9.45] umol / | group of healthy
individuals, 7.02 [5.74; 8.14] umol / L and 6.77 [5.47,
7.98] umol / 1, respectively (p <0.05). There was no
significant difference in the significant indicator
between groups of patients (p> 0.05).

The lowest reliable level of NO3 was in the group
of patients from the city 10.36 [8,14; 13.32] umol /1, as
opposed to the value of 11.69 [10.36; 15.33] umol /1 in
the group of patients from the rural areas and against
the group of healthy people - 13.36 [11.85; 15.35] pumol
/1, (p <0.05). However, there was no statistically
significant difference between the group of patients

from the rural areas and the group of healthy volunteers
(p> 0.05).

The highest value of NO2 + NO3 was in the group
of almost healthy individuals - 21.56 [20.38; 24.53]
pumol / |, as against the level of 18.02 [15.83; 21.78]
pumol / 1 in the group of patients from the rural areas,
and - 17.60 [14.80; 20.35] umol / 1 group of patients
from the city (p <0,05). There was no significant
difference between groups of patients in the amount of
nitric oxide metabolites (p> 0.05).

Further, the levels of nitric oxide metabolites in
the plasma of the subjects were distributed depending
on the T786C polymorphism of the NOS3 gene. The
results obtained are presented in table 2.



[ |

14 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #10(62), 2020 EESIL
Table 2
Levels of nitric oxide metabolites in the blood plasma of the subjects depending
on the T786C polymorphism of the NOS3 gene (Me [25 ; 75], n = 176)
Subgroups
: TT TC CcC
Variable (n=47) (n=99) (n =30)
1 2 3
NO;, umol /1 7,86 [6,66 ; 8,88] 6,66 [5,18 ; 7,98] 5,81[5,07 ; 6,72]
P-value P12< 0,001 P23= 0,20 P13< 0,001
NOs, pmol /1 11,68 [8,88 ; 16,78] 11,10 8,98 ; 14,36] 10,86 [9,64 ; 12,25]
P-value p=0,29
NO,+NO3, umol /1 20,35[17,07 ; 25,16] 17,52 [15,37;20,72] 16,41 [14,48 ;17,93]
P-value P12= 0,02 P23= 0,33 P13< 0,001

The median NO2 level in the subgroup of
homozygotes for the T allele was 7.86 [6.66; 8.88]
pmol / 1 and was significantly higher than in the
subgroup of heterozygotes TC - 6.66 [5,18; 7.98] umol
/1 - and subgroup homozygotes for the C allele - 5.81
[5.07; 6.72] wmol / 1 (p <0.05). However, there was no
significant  difference  between  subgroups of
heterozygotes and homozygotes for the C allele (p>
0.05). There was no statistically significant difference
between subgroups of patients depending on the
genotypes of T786C polymorphism when comparing
NO3 levels (p> 0.05).

The largest value of the total nitric oxide
metabolites was in the subgroup of homozygotes for the
T allele - 20,35 [17,07; 25.16] umol / 1, against the level
of 17.52[15.37;20.72] umol /1 subgroup heterozygotes
TC, and - 16.41 [14.48; 17.93] pumol / 1 subgroup
homozygotes for the C allele (p <0.05). However, there
was no significant difference between subgroups of
heterozygotes and homozygotes for the C allele (p>
0.05).

Nitric oxide is a universal regulator of metabolic
processes in various human tissues. The results of our
study showed that the levels of nitric oxide metabolites
depend on various factors. Air pollution is a global
problem associated with the development and
progression of cardiovascular disease. One of the points
of influence of air pollution is endothelial function [12].

Although there are currently limited data on the
association of air pollution with atrial fibrillation, but
there are such studies. Thus, according to a study by X.
Liu et al. it has been determined that air pollution
increases the risk of AF [13].

To date, the T786C polymorphism is the most
studied for regulating NOS3 gene expression. It was
determined that the presence of the C allele at position
-786 of the promoter of the NOS3 gene leads to a
decrease in its expression, and may be a factor in
reducing the synthesis and release of nitric oxide and,
consequently, endothelial dysfunction in patients with
coronary heart disease [14].

However, the impact on the course of AF
polymorphism T786C can be quite different depending
on ethnicity. Thus, in a meta-analysis of H. Chen et al.
it is noted that 786T / C polymorphism of the eNOS
gene reduces the risk of AF for CC vs. T carriers among
Caucasians, but not for mixed populations [15].

In general, the question of what the identified
interpopulational differences are mainly related to,
whether they are due to differences in environmental
factors, or more to the fact that the effect of a particular
locus can be modified by unaccounted for polymorphic
variants affecting the phenotype, remains open and
needs further research. Most likely, the AF association
cannot be easily detected at one locus, even with a large
sample size. This is consistent with the complex nature
of this arrhythmia and clarifies the relatively minor role
of gene polymorphism in the development of
cardiovascular disease [16].

Thus, genetic testing is not currently used in
routine clinical practice, but in the future, genomic
analysis may provide an opportunity to improve the
guidelines of the AF management. Modern scientific
research is aimed at the problem of nitric oxide, new
data on its role in various cardiovascular diseases, and
arrhythmias in particular. The importance of nitric
oxide and the need to correct its metabolism in patients
with AF is a very important task, further study of this
problem will assess and understand the versatility and
importance of the functioning of the nitric oxide system
in the body, which requires further research.

Conclusion

1. Decreased nitric oxide metabolites occur in
patients with paroxysmal atrial fibrillation on the
background of coronary heart disease combined with
hypertension compared with the healthy group.

2. The level of NO3 in the group of patients from
the city was significantly lower than in the group of
patients from the rural areas.

3. The level of NO2 was lower among patients
with the C7 allele of the T786C polymorphism of the
NOS3 gene, whereas the value of NO3 did not depend
on this polymorphism.
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