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EFFECT OF THE NOS3 786C/T POLYMORPHISM ON THE LEVELS OF NITRIC
OXIDE IN PATIENTS WITH ASTHMA AND COMORBID HYPERTENSION

Shakhanov AV % Uryasev OM

Department of Intermediate Therapy,
Ryazan State Medical University, Ryazan

Nitric oxide has a significant role in the pathogenesis of bronchial asthma and hypertension. Its synthesis is catalyzed by NO
synthases. The nucleotide composition of genes coding for these enzymes can affect their activity; therefore, it is important
to understand the effect of the NOS3 786C/T polymorphism (rs2070744) on the blood levels of nitric oxide in patients with bronchial
asthma and hypertension. Our study recruited 71 individuals. The main group consisted of 24 asthmatic hypertensive patients. Two
comparison groups included patients with isolated asthma and isolated hypertension. All patients were genotyped for the NOS3
786C/T polymorphism. We measured total nitric oxide metabolites in their blood using a photocolorimetric technique and
the Griess reagent. The levels of nitric oxide in the exhaled air were determined electrochemically using a portable NObreath
monitor. The blood levels of nitric oxide metabolites amounted to 69.7 (60.0; 70.4) pmol/l in the CC genotype carriers, 68.9
(67.7; 77.4) umol/l in the CT genotype carriers and 67.7 (59.7; 79.3) umol/l in the patients with the TT genotype (p = 0.843).
Individually, the groups demonstrated a clear association between the NOS3 786C/T polymorphism and the blood levels of
nitric oxide metabolites. The patients with bronchial asthma and hypertension demonstrated a tendency to increasing nitric
oxide levels following the pattern CC < CT < TT (p = 0.033 and p = 0.024, respectively). Thus, the C allele of the NOS3
786C/T polymorphism is associated with lower blood levels of nitric oxide metabolites in patients with bronchial asthma and
hypertension.
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BITNAHUE NOTIMMOP®NU3MA NOS3 786C/T HA YPOBEHb OKCUAA
A30TA Y KOMOPBUOHbIX BOJIbHbIX BPOHXWUAJIbHON ACTMON
N TMNEPTOHNYECKOWN BOJIE3HbIO

A. B. LLlaxaHos™, O. M. Ypscoes

Kacbenpa hakynsteTckom Tepanum ¢ Kypcamim aHAOKPUHONOMM, KIMHNHECKO hapMakonorim, npoeccroHabHbIx 60n1e3Hel,

PasaHckuin rocyaapcTBeHHbIN MEAVLIMHCKUIA yHUBEpCUTET nMenmn W, . Masnosa, PasaHb
B natoreHese 6pOHXManbHOM aCTMbl U TUMEPTOHNYECKON BOE3HM 3HAUUMYHO POSIb UMPAET OKCKUA, a30Ta, B CUHTE3E KOTOPOro
yyacTBytoTepMeHTbINO-CrHTa3bl. HyKneoTaHbINCOCTaB reHOBMOXXET OKa3bIBATb BIMAHNEHAAKTMBHOCTb(EPMEHTA, MOITOMY
MPEACTaBAAETCA akTyallbHbIM U3y4eHne BAvaHns noanmopdnama reHa NOS3 786C/T (rs2070744) Ha ypoBHM OKCuaa a3oTa
B KPOBW 1 BblObIXaeMOM BO3AyXe Yy 60JbHbIX, CTpagaroLmx BPOHXMANBHOM acTMOM U rUMepPTOHUYECKON BONE3HbIO.
B nccnepoBaHum ydqacteoBan 71 maumeHT. B OCHOBHyKO rpynny BXxoauwnm 24 nauyeHTa, CTpadatollxX OOHOBPEMEHHO
OPOHXMANBHOM aCTMON 1 MMNEPTOHNYECKON 6one3HbIO. ELlle ABe rpynnbl CpaBHEHNsT BKOHYaM 60MbHBIX C M30IMPOBAHHOM
OPOHXMaNbHOM acTMON U BOMbHbIX C M30MPOBAHHOW TUMEPTOHUHYECKON O0NE3HBID. Y BCEX MauUMEeHTOB Onpeaensnm
rnonmopdram NOS3 786C/T, namepsinv ypoBeHb CyMMapHbIX METAOOIMTOB OKCUAA a30Ta B KPOBW (POTOKONIOPUMETPNHECKM
METOOOM B peakLun C peakTBOM [prcca 1 BbISABASAIM YPOBEHb BblAbIXaeMom hpakLIm OKCraa a3oTta SEKTPOXUMUHECKM
METOAOM C MOMOLLIbIO MopTaTnBHON TecT-cucTemMbl NObreath. YpoBeHb MeTabonnMToB OKCKaa a3oTa B KPOBM MaLMEHTOB —
HocuTenen reHotuna CC nonumopdurama NOS3 786C/T coctasun 69,7 (60,0; 70,4) mkmonb/n, reHotuna CT — 68,9
(57,7; 77,4) mrmone/n, reHotuna TT — 67,7 (59,7; 79,3) mkmonb/n (o = 0,843). B oTAenbHbIX MCCAeayeMbIX rpynnax obina
oTMedeHa oT4eTmBast cBa3b nommopdnama NOS3 786C/T 1 ypoBHsS okcuaa a3oTa B KPOBU. Y BOMbHbIX BPOHXMANBHOM
acTMOW 1 BOIbHBIX MMAEPTOHUHECKOM BOE3HBIO YPOBEHL METAOONTOB OKCMUAA a30Ta B KPOBW AOCTOBEPHO HapacTaeT B
pagy CC < CT < TT (p = 0,033 1 p = 0,024 coOTBETCTBEHHO). TaknM 0bpagdom, C-annenb nonmmopduama NOS3 786C/T
accoummpoBaHa ¢ 6ofiee HU3KMM YPOBHEM METAbOMMTOB OKCMAa a3oTa B KPOBW OOSbHbIX, CTPAAAIOLLMX BPOHXMANBHOM
aCTMOW U MMNEPTOHNYECKON 6ONE3HBIO.
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Today, the scientific community is showing a growing interest
in comorbidity since knowledge about comorbid conditions
allows doctors to tailor treatment to an individual patient.
Bronchial asthma, the second common respiratory disease,
has a huge social impact. About half of patients with asthma
also suffer from cardiovascular conditions, most importantly
hypertension, which strikes 13-38% of asthmatic individuals
[1]. Many aspects of this concomitance are still unclear, but the
mutual impact between the two diseases is indisputable [2].

One of the possible mechanisms underlying this
phenomenon is impaired synthesis of nitric oxide (NO), an
intercellular signaling molecule [3]. Endothelium-derived
NO modulates the vascular tone, blood flow and arterial
pressure; abnormal production of nitric oxide leads to arterial
hypertension and endothelial dysfunction [4-7]. Besides, NO
regulates the airway tone and lumen; at small concentrations
NO is protective against bronchial spasms and can be an
important factor in asthma prevention [8-10].

In the human body NO is synthesized from L-arginine by
a family of cytochrome P-450-type hemoproteins called nitric
oxide synthases (NOS) which are represented by 3 isoforms:
neuronal (NNOS), inducible (iNOS) and endothelial (eNOS)
[5]. These isoforms are encoded by the genes NOS7, NOS2
and NOSS3, respectively. The endothelial synthase encoded
by the NOS3 gene contributes the most to the development
of atherosclerosis, arterial hypertension and endothelial
dysfunction. As its name suggests, this enzyme is found
mainly in vascular endothelial cells. Under normal physiological
conditions eNOS is a constitutive isoform; however, it is
increasingly expressed in pathology, leading to the excess
production of NO [11]. Nitric oxide produced by the constitutive
synthase is essential for normal cell and tissue function. NO
synthases exert their proinflammatory activity by catalyzing NO
production in the early stages of inflammation. At the same
time, they control biosynthesis of anti-inflammatory interleukins
IL4, IL11, and IL13. Thus, NO synthases and nitric oxide they
produce are “true” regulators of inflammation in bronchial
asthma, among other conditions [12].

The level of NOS expression is directly dependent on the
nucleotide composition of NOS-encoding genes. Therefore, the
ability of NO to act either as a physiological regulator or a toxic
agent is determined by the activity of NOS isoforms affected by
the presence of mutations in the NOS-encoding genes. There
has been a lot of research of polymorphisms in NOS genes
and their role in pathology and nitric oxide synthesis. As a rule,
individual polymorphisms have only a minor role in multifactorial
diseases. There is no doubt that NO and NOS-coding genes
are implicated in the pathogenesis of bronchial asthma and
hypertension. However, their involvement in comorbidity
is no so clear. Among the variety of NOS3 polymorphisms
the most interesting is 786C/T (rs2070744) associated with
coronary artery disease and myocardial infarction. These two
conditions, as well as hypertension, are also associated with
abnormal production of endothelial nitric oxide [13, 14]. The
aim of this work was to study the effect of the NOS3 786C/T
polymorphism on the levels of nitric oxide in the blood and
exhaled air of patients with bronchial asthma and hypertension.

METHODS

The study was conducted at the Department of Intermediate
Therapy of Ryazan State Medical University between 2014
and 2017 and was part of a dissertation research project [15].
The study was approved by the Local Ethics Committee of
Ryazan State Medical University (Protocol 2 dated October 2,
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2014) and complied with the Declaration of Helsinki and the
standards of Good Clinical Practice.

The study recruited 71 inpatients of Ryazan Regional
Clinical Hospital diagnosed with bronchial asthma or
hypertension. The patients were distributed into 3 groups.
The main group consisted of 24 patients with asthma and
concomitant hypertension. Two comparison groups included
patients with isolated asthma (n = 23) and patients with isolated
hypertension (n = 24). The groups were comparable in terms
of age and sex and comprised unrelated Caucasian individuals
residing in Ryazan region. All patients gave voluntary informed
consent to participate.

The study was conducted in men and women aged 45 to
69 years diagnosed with mixed asthma and/or hypertension
based on the recommendations of the Global Initiative for
Asthma and the Russian Society of Cardiology. The patients
with bronchial asthma were included in the study only
after the acute symptoms of the disease were alleviated
and glucocorticoid drugs were discontinued or continued
at maintenance doses (if the patients had been on those
medications prior to hospital admission). Among the exclusion
criteria were pregnancy and lactation, acute bronchial asthma,
decompensated cardiovascular states, a previous history of
psychosis or psychiatric conditions, a previous history of severe
kidney/liver damage, other comorbidities that could have affected
respiratory and cardiac functions or the parameters studied in
our experiment, and alcohol abuse or drug addiction. In both
groups, the patients with hypertension received similar treatment.
The groups did not differ in the number of smokers (p = 0.441).

To measure total nitric oxide metabolites in the samples
of blood serum, we applied a photocolorimetric technique
modified by Metelskaya and used the StatFax 3200
microplate reader (Awareness Technology, USA) and the
Griess reagent [16]. The levels of nitric oxide in the exhaled
air (FeNO) were determined electrochemically using a portable
NObreath monitor (Bedfont Scientific, UK) according to the
manufacturer’s instructions. The NOS3 786C/T polymorphisms
were genotyped in the Central Research Laboratory of
Ryazan State Medical University by allele-specific PCR
followed by gel electrophoresis of PCR products using reagents
by Litech, Russia, and a thermocycler by DNA-Technology
(Russia). For genotyping, DNA was isolated from whole blood
leukocytes using the DNA-Express-Blood reagent kit by Litech,
Russia. Distribution of the studied allelic variants in the sample
was compared to their population frequency using the Hardy-
Weinberg equilibrium.

The obtained data were processed in StatSoft Statistica
10. The normality of data distribution was evaluated by the
Shapiro-Wilk test. The results are presented in this work as Me
(Q25; Q75), where Me is the median and Q25 and Q75 are the
upper and lower quartiles, respectively. The Kruskal-Wallis and
Mann-Whitney tests were applied to evaluate the differences
between the studied groups. The differences were considered
significant at p < 0.05.

RESULTS

The genotype distributions and allele frequencies in the sample
fell within the Hardy—Weinberg equilibrium (x2 = 0.08, p = 0.77).
We found that 12% of the participants had the CC genotype
(n =9), 44% had the CT genotype (n = 31), and 44% had
the TT genotype (n = 31). The C allele of the NOS3 786C/T
polymorphism was present in 35% of samples (n = 49), the T
allele, in 65% of samples (n = 93). Previously we established
that the T allele of NOS3 786C/T was more common in
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Table 1. The levels of nitric oxide in the exhaled air in patients with different NOS3 786C/T genotypes

Genotype BA and HT BA HT
CcC 22 (15; 26) 11(8; 13) 9(9;9)
CT 16 (13; 20) 16 (13; 20) 17 (13; 21)
T 14 (9; 15) 20 (15; 23) 13 (8; 20)
P 0.184 0.062 0.356
Note: BA is bronchial asthma, HT is hypertension.
Table 2. The levels of nitric oxide metabolites in the blood of patients with different NOS3 786C/T genotype
Genotype BA and HT BA HT
CcC 59.5 (58.9; 60.0) 70.1 (69.7; 73.5) 43.9 (43.9; 43.9)
CT 68.1(60.8; 72.0) 75.8 (70.1; 79.7) 55.6 (51.6; 57.7)
T 79.3 (72.4; 84.3) 78.9 (77.0; 90.5) 60.4 (57.0; 65.4)
P 0.033 0.090 0.024

Note: BA is bronchial asthma, HT is hypertension.

asthmatic hypertensive patients than in patients with isolated
bronchial asthma, suggesting that this polymorphism could
be implicated in the concomitant development of asthma and
hypertension [17].

We determined that median FeNO levels amounted to 15
(9; 23) ppb in the patients with the C genotype of the NOS3
786C/T polymorphism, 16 (13; 20) ppb in the carriers of the
CT genotype, and 16 (9; 20) ppb in the patients with the TT
genotype. The differences, however, were not statistically
significant (o = 0.834) and fell within the range of measurement
error for the NObreath test. Similar results were obtained for
each studied group of our patients (Table 1).

The analysis of associations between NOS3 786C/T
genotypes and blood levels of nitric oxide metabolites revealed
that the median value of nitric oxide metabolites in the blood
was 69.7 (60.0; 70.4) pmol/l for the CC genotype carriers, 68.9
(67.7; 77.4) pmol/l for the CT genotype carriers and 67.7
(69.7; 79.3) umol/l for the patients with the TT genotype.
The differences were statistically insignificant (p = 0.843)
and consistent with our conclusions about the association
between the NOS3 786C/T polymorphism and the
development of asthma with comorbid hypertension [17].
Therefore, it seemed reasonable to assess the effect of the
NOS3 786C/T polymorphism on the blood levels of nitric oxide
metabolites in every studied group separately. For example,
the patients in the main group and hypertensive individuals
demonstrated a significant elevation of nitric oxide metabolites
in the blood following the pattern CC < CT < TT (p = 0.033 and
p = 0.024, respectively) (Table 2). A similar but less significant
(o = 0.090) rise in the levels of nitric oxide metabolites was
observed in the patients with bronchial asthma. To sum up,
the obtained results drive us to the conclusion that the NOS3
786C/T polymorphism affects blood levels of nitric oxide
metabolites, which are lower for C allele carriers and higher for
T allele carriers.

DISCUSSION

The main problem obstructing the comprehensive study of
the effect gene polymorphisms have on blood biochemistry in

patients with bronchial asthma and hypertension is phenotypical
heterogeneity. The disease phenotypes are associated with a
broad range of changes in the biochemical blood composition
and varying clinical symptoms, complicating the discovery of
associations between gene polymorphisms and the severity of
multifactorial diseases, including asthma and hypertension. This
is the reason why the literature addressing this issue is scarce.
A study of 121 SNPs in the genes coding for NOS1, NOS2,
and NOSS3 revealed an association between FeNO levels and
the NOS3 polymorphism (rs743507, p = 0.004) [18]. However,
the obtained results were highly heterogeneous. Another study
looked at a possible association between the NOS3 786C/T
polymorphism and the levels of nitric oxide metabolites in the
blood of healthy young Russian men [19]. Just like the present
research work, it established an association between the C
allele of the NOS3 786C/T polymorphism and the low levels
of nitric oxide and endothelial dysfunction. Therefore, we
conclude that polymorphic variants of NOS1- and NOSS3-
encoding genes can affect nitric oxide production in patients
with bronchial asthma and hypertension. Further investigation
is needed, though, accounting for the disease phenotypes.
Our study revealed no statistically significant effect of the
polymorphism NOS3 786C/T on the levels of nitric oxide
metabolites, but it did show that the carriers of the C allele
tended to have lower metabolites, which is consistent with
the published data on healthy individuals. High heterogeneity
of asthma manifestations necessitates extensive research
to establish a true association between the NOS3 786C/T
polymorphism and the levels of nitric oxide and its metabolites
in patients with bronchial asthma.

CONCLUSIONS

The C allele of the NOS3 786C/T polymorphism is associated
with lower levels of nitric oxide metabolites in the blood of
patients with asthma and comorbid hypertension. The levels
of nitric oxide metabolites increase following the pattern
CC < CT < TT in the blood of asthmatic hypertensive patients
and patients with isolated hypertension (p = 0.033 and
p = 0.024, respectively).

BULLETIN OF RSMU | 3, 2018 | VESTNIKRGMU.RU



OPUTMHAJTIBHOE NCCJTIEQOBAHUE | NMYNIbMOHOJIOMMNA

References

1.

10.

Belova IV, Kulagin OL, Zhestkov AV. Epidemiology of combination
the cardiovascular diseases and bronchial asthma at adult patients
(on example of Nokokuybyshevsk city). Izvestiya Samarskogo
nauchnogo tsentra Rossiyskoy akademii nauk. 2013; 15 (3-6):
1728-30.

Khodyushina IN, Uryasev OM. Izmenenie pokazateley gemodinamiki
u bol'nykh bronkhial'noy astmoy. Rossiyskiy mediko-biologicheskiy
vestnik im. akademika I.P. Pavlova. 2011; (2): 22-8.

Kozina OV, Ogorodova LM. Formation and biological role NO at
an allergic inflammation. Byulleten' sibirskoy meditsiny. 2009; 8
(3): 95-105.

Lyamina SV, Rebrov AP, Lyamina NP, Senchikhin VN. Diagnostic
markers of the endothelial dysfunction in young patients
with arterial hypertension. Regionarnoe krovoobrashchenie i
mikrotsirkulyatsiya. 2007; 6 (3): 59-65.

Shakhanov AV, Belskikh ES, Lunyakov VA, Uryasev OM. Clinical
and pathogenetic value of nitric oxide measurement in the blood
of patients with bronchial asthma and essential hypertension.
Kazanskiy meditsinskiy zhurnal. 2017; 98 (4): 492-496. DOI:
10.17750/kmj2017-492.

Aytekin M, Aulak KS, Haserodt S, Chakravarti R, Cody J, Minai O,
et al. Abnormal platelet aggregation in idiopathic pulmonary
arterial hypertension: role of nitric oxide. AJP: Lung Cellular and
Molecular Physiology. 2012; 302 (6): L512-L520. DOI: 10.1152/
ajplung.00289.2011.

Kumar R, Kohli S, Mishra A, et al. Interactions between the genes
of vasodilatation pathways influence blood pressure and nitric
oxide level in hypertension. American journal of hypertension.
2015; 28 (2): 239-47. DOI: 10.1093/ajh/hpu30.

Kozina OV. Metabolism of nitrosothiols at an allergic inflammation
Byulleten' SO RAMN. 2010; 30 (1): 109-16.

Ghosh S, Erzurum SC. Modulation of asthma pathogenesis
by nitric oxide pathways and therapeutic opportunities. Drug
discovery today. Disease mechanisms. NIH Public Access, 2012;
9 (3-4): e89-e94. DOI: 10.1016/j.ddmec.2012.10.004.

Prado CM, Martins MA, Tibério IFLC. Nitric oxide in asthma
physiopathology. ISRN Allergy. Hindawi Publishing Corporation,
2011; 2011: 1-13. DOI: 10.5402/2011/832560.

Jlutepatypa

1.

Benosa . B., KynaruH O. J1., XXecTkoB A. B. Snmaemmonorus
Co4eTaHVIst CepAe4HO-COCYANCTbIX 3aboneBaHuii 1 BPOHXMabHOM
acTMbl Yy B3pOCMbIX MaUMeHTOB (Ha MNpuMepe ropopa
HoBokyibbileBcka). M3BecTusi Camapckoro Hay4Horo LieHTpa
Poccuiickon akagemumn Hayk. 2013; 15 (3-6): 1728-30.
XogtowmHa W. H., Ypsicke O. M. MameHeHre nokasaTenen
reMoaVHaMUKL Y 60JbHbIX BPOHXMaIbHOM acTMOW. PoccuincKmii
MeOVKO-B1oNornm4eckmnii BECTHUK M. akagemuka W. I, MNasnosa.
2011; (2): 22-8.

KosuHa O. B., Oropogosa J1. M. Obpa3soBaHue 1 Guonordeckas
ponb NO npu anneprm4eckom BocnaneHn. BronneteHb crnbupckoi
MeauumHbl. 2009; 8 (3): 95-105.

NamuHa C. B., Pebpos A. I., NamuHa H. 1., CeHunxuH B. H.
[viarHocT4ecky 3HauviMble MapKepbl SHAOTeNMabHOM ANCYHKLMM
y 60nbHbIX MOIOAOrO BO3pacTa C apTepuanbHOM rMnepToHMEN.
PervnoHapHoe kpoBoobpallleHne 1 MUKpoLMpKynsaums. 2007; 6
(3): 59-65.

LLlaxaHoB A. B., Benbcknx 3. C., NlyHsikos B. A., Ypsickes O. M.
Kn1HrKo-naToreHeTn4ecKkoe 3Ha4eHe onpeaenenns okeraa a3ota
B KPOBYW BOMbHbIX BPOHXMANBHOM aCTMON U FMNEePTOHNHECKON
OonesHbto. KagaHckuii MeduumHCKuA kypHan. 2017; 98 (4):
492-6. DOI: 10.17750/kmj2017-492.

Aytekin M, Aulak KS, Haserodt S, Chakravarti R, Cody J, Minai O,
et al. Abnormal platelet aggregation in idiopathic pulmonary
arterial hypertension: role of nitric oxide. AJP: Lung Cellular and
Molecular Physiology. 2012; 302 (6): L512-L520. DOI: 10.1152/
ajplung.00289.2011.

BULLETIN OF RSMU | 3, 2018 | VESTNIKRGMU.RU

11.

12.

13.

14.

15.

16.

17.

18.

19.

10.

11.

12.

13.

14.

Aminuddin F, Hackett T, Stefanowicz D, et al. Nitric oxide synthase
polymorphisms, gene expression and lung function in chronic
obstructive pulmonary disease. BMC Pulmonary Medicine.
BioMed Central, 2013; 13: 64. DOI: 10.1186/1471-2466-13-64.
Barnes PJ. NO or no NO in asthma? Thorax. BMJ Group, 1996;
51 (2): 218-20.

Parkhomenko AN, Kozhukhov SN, Lutay YaM, Moybenko AA,
Dosenko VE. The T-786C polymorphism of the endothelial nitric
oxide gene: connection with the efficacy of thrombolysis in
patients with acute myocardial infarction. Ukrainskiy meditsinskiy
zhurnal. 2008; 4 (66): 20-3.

Khaki-Khatibi F, Yaghoubi A, Ghojazadeh M, et al. Association
between T-786C polymorphism of endothelial nitric oxide
synthase gene and level of the vessel dilation factor in patients
with coronary artery disease. Molecular biology research
communications. 2012; 1 (1): 1-7.

Shakhanov AV. Klinicheskoye znacheniye polimorfizma genov
NOS1 i NOS3 i oksida azota u bol'nykh bronkhial’noy astmoy i
gipertonicheskoy bolezn’yu [dissertation]. Ryazan: 2017.
Metelskaya VA, Gumanova NG. Screening as a method
for determining the serum level of nitric oxide metabolites
Klinicheskaya laboratornaya diagnostika. 2005; (6): 15.
Shakhanov AV, Nikiforov AA, Uryasyev OM. Polymorphism of nitric
oxide synthase genes (NOS1 84G/A and NOS3 786C/T) in patients
with bronchial asthma and essential hypertension. Rossijskij
mediko-biologicheskij vestnik imeni akademika I. P. Pavlova.
2017; 25 (3): 378-84. DOI: 10.23888/pavlovj20173378-390.
Bouzigon E, Monier F, Boussaha M, et al. Associations
between Nitric Oxide Synthase Genes and Exhaled NO-Related
Phenotypes according to Asthma Status. PLoS ONE. 2012; 7 (5):
e€36672. DOI: 10.1371/journal.pone.0036672.

Khromova AV, Feliksova OM, Kuba AA, Bebyakova NA. The
effect of structural adjustment in NOS3 gene promoter on the
production of endothelium-derived vasoactive factors. Zhurnal
mediko-biologicheskikh issledovaniy. 2015; (4): 107-15.

Kumar R, Kohli S, Mishra A, et al. Interactions between the genes
of vasodilatation pathways influence blood pressure and nitric
oxide level in hypertension. American journal of hypertension.
2015; 28 (2): 239-247. DOI: 10.1093/ajh/hpu130.

KosuHa O. B. Metabon1am HATPO30TNONOB NpK anieprn4eckomM
BocnaneHun. bronneteHs CO PAMH. 2010; 30 (1): 109-116.
Ghosh S, Erzurum SC. Modulation of asthma pathogenesis
by nitric oxide pathways and therapeutic opportunities. Drug
discovery today. Disease mechanisms. NIH Public Access, 2012;
9 (3-4): e89-e94. DOI: 10.1016/j.ddmec.2012.10.004.

Prado CM, Martins MA, Tibério IFLC. Nitric oxide in asthma
physiopathology. ISRN Allergy. Hindawi Publishing Corporation,
2011; 2011: 1-13. DOI: 10.5402/2011/832560.

Aminuddin F, Hackett T, Stefanowicz D, et al. Nitric oxide synthase
polymorphisms, gene expression and lung function in chronic
obstructive pulmonary disease. BMC Pulmonary Medicine.
BioMed Central, 2013; 13: 64. DOI: 10.1186/1471-2466-13-64.
Barnes PJ. NO or no NO in asthma? Thorax BMJ Group, 1996;
51 (2): 218-220.

[MNapxomeHko A. H., Koxyxos C. H., Jlytan A. M., Moiiberko A. A.,
LoceHko B. E. Monumopduam T-786C npomoTopa reHa
aHpoTenvanbHom NO-cuHTasbl: CBsI3b € 3PdEKTMBHOCTBLIO
TPOMBONUTUNHECKOW TEpanW Y MaLMEHTOB C OCTPbIM MH(aPKTOM
Mrokapaa. YKpamHCKUN MeauuMHCKUA >xypHan. 2008; 4 (66):
20-23.

Khaki-Khatibi F, Yaghoubi A, Ghojazadeh M, et al. Association
between T-786C polymorphism of endothelial nitric oxide



15.

16.

17.

ORIGINAL RESEARCH | PULMONOLOGY

synthase gene and level of the vessel dilation factor in patients
with coronary artery disease. Molecular biology research
communications. 2012; 1 (1): 1-7.

LLlaxaHoB A. B. KnuHunyeckoe 3HadeHne nonmmopdunama reHoB
NOS1 1 NOS3 1 okcnaa asota y 60/bHbIX 6POHXMaNBHON acTMOM
1 FUNepTOHMYEeCKO 60oNeaHbIo [anccepTaums). Pasarb: 2017.
Mertenbckast B. A., 'ymaHoBa H. I, CKpUHUHM-MeTOZ, onpeaeneHmnst
YPOBHA MeTaboNMTOB OKCMAa a3oTa B CbIBOPOTKE KPOBMU.
KnuHudeckas nabopatopHas auarHocTuka. 2005; (6): 15.
LLlaxaHoB A. B., Hukudopos A. A., Ypsickes O. M. Nonmmopdimam
reHoB cuHTa3 okcupa asota (NOS1 84G/A n NOS3 786C/T) y
60MbHbIX OPOHXMANBHON aCTMOW 1 MMNEPTOHNHECKOM BONE3HBIO.

18.

19.

Poccuickinin Megnko-br1onorm4eckni BECTHUK UMEHW akagemmka
W. M. Maenosa. 2017; 25 (3): 378-84. DOI: 10.23888/
pavlovj20173378-390.

Bouzigon E, Monier F, Boussaha M, et al. Associations
between Nitric Oxide Synthase Genes and Exhaled NO-Related
Phenotypes according to Asthma Status. PLoS ONE. 2012; 7 (5):
e€36672. DOI: 10.1371/journal.pone.0036672.

Xpomoga A. B., ®envkcoa O. M., Kyba A. A., bebsikoBa H. A.
AHanMs  BMSHUA  CTPYKTYPHOM  MEPECTPOVKM  MpoMOoTopa
reHa NOS3 Ha NpoayKUMIO Ba30aKTVBHbIX SHOOTENMaNbHbIX
(akTopoB. XKypHan Meanko-b1oNornHecKX NCCNeoBaHN.
2015; (4): 107-15.

BULLETIN OF RSMU | 3, 2018 | VESTNIKRGMU.RU



