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ABSTRACT

Molecular-genetic diagnostics of polygenic diseases is a new and interesting area in laboratory
diagnostics, especially in the area of cardiovascular diseases, as one of the leading causes of
mortality in the world population.

Aims: The aim of the paper was to analyse variants of the endothelial nitric oxide synthase gene
(NOS3) (Glu298Asp/G894T) in the human population of Tuzla Canton in relation to cardiovascular
diseases.

Study Design: The study included 112 respondents of both sexes over 18 years old. The
experimental group for the analysis of the polymorphism (Glu298Asp) of the endothelial nitric oxide
synthase gene included 56 respondents of both sexes with cardiovascular disease (hypertension),
while the control group comprised 56 healthy respondents of both sexes without a prior history of
cardiovascular disease (sample/control).
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Place and Duration of Study: Blood sampling was performed at Medical Center "Plava Poliklinika",
“Plava Medical Group”, Department of Biochemistry, Microbiology and Genetics, Tuzla. DNA
isolation and molecular-genetic analysis of the samples were performed in Laboratory for scientific
research at the Department of Biology, Faculty of Natural Sciences and Mathematics in Tuzla.
Methodology: The genotyping of eNOS GIlu298Asp polymorphism for all respondents was
determined by an optimized method based on PCR-RFLP reaction.

Results: In the total sample of respondents, the highest genotype frequencies of the eNOS gene
were recorded for the GG genotype (53.5%) and the GT genotype (35.7%). The lowest frequency
was recorded for the TT genotype, which was 10.8%.

Conclusion: The results obtained in the study provide good guidelines for further study of a
molecular-genetic association between a high number of gene candidates and cardiovascular
diseases, which will contribute to the incorporation of these results into the existing regional and

European genetic database.
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1. INTRODUCTION

Endothelial nitric oxide synthase (NOS3 or
eNOS) is the enzyme responsible for the highest
production of nitric oxide, with the great impact
on the cardiovascular system, encoded by the
eNOS gene, which presents  various
polymorphisms [1]. Understanding the nitric
oxide molecular mechanisms of signaling
pathways in the heart can provide a new
strategic approach to prevention and treatment of
diseases related to the cardiovascular system

[2].

Shankarishan et al. [3] citied that have been
described a large number of polymorphisms of
the eNOS gene, but that the polymorphisms of
intron 4 a/b, exon 7 Glu298Asp (rs 1799983) and
T786C (rs 2070744) the eNOS gene are the
most studied in relation to the association with
hypertension [3].

Abdel-Aziz et al. [4] in the study of the
association of polymorphisms of the eNOS gene
with the risk of early coronary artery disease
concluded that the investigated polymorphisms
are risky. Hypertension, diabetes, smoking, total
cholesterol, triglycerides, LDLc, HDLc and TT
genotype of the Glu298Asp polymorphism of the
eNOS gene were independent risk factors for the
development of premature coronary disease [4].

Ogretmen et al. [5] in their preliminary study on
the association of eNOS Glu298Asp gene
polymorphism in  psoriasis cases  with
hypertension in the Turkish population analyzed
the genetic profiles of 75 patients with psoriasis
(21 hypertensive and 54 normotensive) and 55
healthy  (normotensive and  non-psoriatic)
subjects. The group with psoriasis had a
frequency of 50.7% (38) for the GG genotype,
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42.7% (32) for the GT genotype and 6.6% (5) for
the TT genotype. In the control group, the
frequencies of the GG, GT and TT genotypes
were (39) 70.9%, (15) 27.2% and (1) 1.8%,
respectively. An increased relative T allele
frequency in eNOS GIlu298Asp polymorphism of
(42) 28.0% was determined in psoriatic patients
when compared with normotensive healthy
respondents without psoriasis with a frequency of
(27) 15.4%. The G allele frequency was (108)
72.0% in the group with psoriasis, while in the
control group it was (93) 84.5% [OR=2.1, 95%ClI
(1.14-3.99); (p=.017)]. Their preliminary results
indicated that there was a correlation between
eNOS Glu298Asp polymorphism and
hypertension among psoriatic patients in the
Turkish population. The authors also suggest
that these results need to be confirmed by more
extensive studies [5].

In the population of Tuzla Canton, to date has
not been performed genetic studies and/or
molecular genetic characterization of eNOS
Glu298Asp polymorphism. Thus, it was important
to conduct molecular-genetic testing to provide
evaluation of the genotype distribution of
the eNOS gene in respondents with
cardiovascular diseases (CVD) as well as in the
control group.

1.1 Aims

The primary aim of the study was the
determination of allele and genotype frequencies
of the endothelial nitric oxide synthase (NOS3) in
the human population of Tuzla Canton and the
accurate assessment of the association of the
Glu298Asp/G894T polymorphic variant of the
endothelial nitric oxide synthase gene with
cardiovascular diseases.




2. MATERIAL AND METHODS
2.1 Respondents

The study included 112 respondents of both
sexes over 18 years old. The experimental group
for the analysis of the polymorphism
(Glu298Asp) of the endothelial nitric oxide
synthase gene included 56 respondents of both
sexes with cardiovascular disease
(hypertension), while the control group
comprised 56 healthy respondents of both sexes
without a prior history of cardiovascular disease
(sample/control).

Blood sampling was performed at Medical Center
"Plava Poliklinika", “Plava Medical Group”,
Department of Biochemistry, Microbiology and
Genetics, Tuzla. The study was conducted in
accordance with the ethical principles as per the
Declaration of Helsinki.

All participants were informed on the study
protocol and gave their signed consent to
participate in this study by supplying a sample for
DNA isolation and molecular genetic
characterization of eNOS gene genotypes.

2.1.1 Samples

For DNA isolation and analysis, 3 mL of
peripheral blood was collected in tubes with
EDTA  anticoagulant  (Vacutainer  Becton
Dickinson, Meylan Cedex, France and BD
Vacutainer K2E, BD-Plymouth, PL6 7 BP. UK).
Respondents selection and blood sampling for
the study were conducted at Medical Center
"Plava Poliklinika", “Plava Medical Group”,
Department of Biochemistry, Microbiology and
Genetics, Tuzla with the approval of the Ethics
Committee of the healthcare institution (Number:
1627-3/21).

2.1.2 Molecular-genetic analysis

DNA isolation and molecular-genetic analysis of
the samples were performed in Laboratory for
scientific research at the Department of Biology,
Faculty of Natural Sciences and Mathematics in
Tuzla. For DNA isolation and analysis, the
respondents’ peripheral blood samples were
used, collected from the tubes with EDTA
anticoagulant (Vacutainer Becton Dickinson,
Meylan Cedex, France). DNA isolation was
performed using a commercial kit (Qiagen
GmbH. Hilden, Germany) according to the
manufacturer’s instructions.
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The genotyping of eNOS  GIlu298Asp
polymorphism  for all respondents was
determined by an optimized method based on
PCR-RFLP, using primers 5'-
CATGAGGCTCAGCCCCAGAAC-3' (sense) and
5-AGTCAATCCCTTTGGTGCTCAC-3'
(antisense) [6]. The amplification was done using
a polymerase chain reaction machine (Applied
biosystems by life technologies, 2720 Thermal
Cycler). The PCR mixture in 25 uL of final
volume contained 10.5 pL of deH,O (Sigma
Aldrich), 0.5 uyL of each primer, 12.5 pL of
REDTaq® ReadyMix™ and 100 ng of genome
DNA (1 pL of DNA). Initial denaturation was
conducted at 95°C for 5 min, followed by 30
cycles of denaturation at 94 °C for 30 s,
annealing primers at 60°C for 30 s and
elongation at 72°C for 30 s [4,7].

Restriction digestion was performed with the
enzyme Mbol (New England Biolab) [4,6,7]. The
PCR and restriction digestion products were
separated by electrophoresis on 3% agarose gel.
Visualization of the obtained fragments was
detected by a UV transilluminator (VWR
GenoMini, VWR International, BVBA Lueven).
The difference between genotypes was
determined by the analysis of the obtained
restriction fragments with the length of 87, 119
and 206 bp, using relevant DNA markers of
known size.

2.1.3 Statistical data analysis

The ¥’ test with one degree of freedom was used
for the analysis of the distribution of the absolute
and relative genotype frequencies and deviation
from Hardy-Weinerberg equilibrium (HWE). The
results were considered statistically significant
when the p-value was <.05. The degree of
association among the studied groups was
evaluated using odds ratios with a confidence
interval of 95% [OR(95% CI)].

3. RESULTS AND DISCUSSION

The study included a total of 112 individuals
divided into two groups — a group with CVD
(hypertension) and a control group. In both
groups were 56 individuals of both sexes from
Tuzla Canton. Allele and genotype frequencies of

eNOS Glu298Asp polymorphism were
determined. Furthermore, the accurate
assessment of the association of the

Glu298Asp/G894T polymorphic variant of the
endothelial nitric oxide synthase gene with
cardiovascular disease was conducted in the



studied population. Table 1 shows the absolute
and relative genotype frequencies of the eNOS
gene (Glu298Asp) in the total sample and
subsamples.

In the group with CVD, the highest frequency
was recorded for the GG genotype and it was
50.0%. The GT genotype was determined in
34.0% of the participants and the TT genotype in
16.0% of the individuals of this group. In the
control group, most participants had the GG
genotype (57.1%). The GT genotype was
present in 37.5% of the individuals and 5.4% of
the participants had the TT genotype (Table 1).

The analysis of statistical significance of
genotype frequencies between the groups did
not indicate any significant differences (p>.05).
The results are shown in Table 1. The allele
frequencies and their distribution in the total
sample and subsamples were analyzed. In the
group of CVD in the sample of 56 participants,
the G allele frequency was 67.0% and the T
allele frequency was 33.0%. In the control group
in the sample of 56 individuals, the G allele
frequency was 76.0% and the T allele frequency
was 24.0%. In the total sample of 112
participants, the G allele frequency was 71.4%
and the T allele frequency was 28.0% (Table 2).
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Table 2 shows the analysis of the allele
frequencies and their distribution in the total
sample and subsamples.

The genotype and allele frequencies of the
eNOS gene were analyzed according to sex.

The study included 60 female respondents and
52 male respondents (Tables 3 and 4).

The genotype distribution of the eNOS gene
(Glu298Asp) was analyzed according to the <44 i
245 age classes for the GG genotype in relation
to GT+TT (Table 5).

The comparison of the eNOS gene genotype
(Glu298Asp) according to the <44 and 245 age
classes for the GG genotype in relation to
GT+TT did not indicate any significant
differences in the distribution (Table 5).

In the study in the total sample of respondents, a
higher frequency of the TT genotype (16.0%)
was determined in the group with CVD compared
with the control group where the recorded
frequency was 5.4%. However, the differences
in the genotype distribution of the eNOS
gene polymorphism (Glu298Asp) were not
significant.

Table 1. Absolute and relative genotype frequencies of eNOS gene (Glu298Asp) in total sample

and subsamples

CVD Total X df p
Genotype N(%) Yes No
GG N (%) 28 (50.0%) 32 (57.1%) 60 (53.5%)
GT N (%) 19 (34.0) 21 (37.5%) 40 (35.7%)
TT N (%) 9 (16.0)0%) 3 (5.4%) 12 (10.8%) 3.367 2 .186
Total N 56 56 112
Genotype N CVD
Yes No Total X df* p*

GG N (%) 28 (50.0%) 32 (57.1%) 60 (53.5%)
GT+TT N (%) 28 (50.0%) 24 (42.9) 52 (46.5%) 574 1 448
Total N 56 56 112

OR(95% CI)* z stastistic* p*

1.3333 757 .4489

(.6332-2.8076)

*CVD= cardiovascular disease

*For GG genotype in relation to GT+TT

Table 2. Absolute and relative allele frequencies of eNOS gene (Glu298Asp) in total sample and

subsamples
CVD X df p
Yes No Total
Allele (G) 75 (67.0%) 85 (76.0%) 160 (71.4%)
Allele (T) 37 (33.0%) 27 (24.0%) 64 (28.6%) 2.1875 1 139
Total 112 112 224 OR(95% CI)* z stastistic* p*
1.5531 1.474 .1404

(.8650-2.7885)
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Table 3. Absolute and relative genotype frequencies of eNOS gene (GIu298Asp) in total sample
and subsamples according to sex

4

Genotype Sex X df p
Female Male
GG N (%) 32 (53.3%) 28 (53.85%)
GT N (%) 25 (41.7%) 15 (28.85%)
TT N (%) 3 (5.0%) 9 (17.3%) 5.222 2 073
Total N 60 52
Genotype N Female Male X df* p*
GG N (%) 32 (53.3%) 28 (53.85%)
GT+TT N (%) 28 (46.7%) 24 (46.15%)  .0029 1 956
Total N 60 52
OR(95% CI)* Z stastistic* p*
1.0208 .054 .9567

(.4848-2.1496)

*For GG genotype in relation to GT+TT

Table 4. Absolute and relative allele frequencies of eNOS gene (Glu298Asp) in subsamples
according to sex

Alleles Sex X df p
Female Male Total
N=60 N=52 N=112
Allele (G) 89 (74.2%) 71 (68.3%) 160 (71.4%)
Allele (T) 31 (25.8%) 33 (31.7%) 64 (28.6%) .949 1 .330
Total 120 104 224
OR(95% CI)* z stastistic* p*
0.7494 .973 .3305

(.4192-1.3399)

Table 5. Genotype distribution of eNOS gene (Glu298Asp) according to age classes

<44 and 245
Genotype Age classes X df p
<44 245 Total
GG N (%) 38(56.72%) 22 (48.89%) 60 (53.57%)
GT+TT N (%) 29(43.28%) 23(51.11%) 52 (46.43%) .663 1 415
Total N 67 45 112
OR(95% ClI) z stastistic p
.7300 .813 4160

(.3419-1.5584)

Nassereddine et al. [8] in the study on the
association of G894T eNOS polymorphism with
susceptibility to essential hypertension in
Morocco determined the GG genotype in (5)
3.49% of the respondents in the group with
hypertension and in (116) 63.04% of the
respondents in the control group. For the GT
genotype, the frequency was (54) 37.24% in the
group of respondents with hypertension and (62)
33.69% in the control group. The TT genotype

was determined in (86) 59.27% of the
respondents with hypertension and (6) 3.27% of
the respondents in the control group. A

statistically significant difference was determined
by comparing GT genotype frequencies in the
group of respondents with hypertension and in
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the control group [OR=20.2; 95%CI (7.7-52.4);
(p= <.0001)]. Furthermore, a statistically
significant  difference  was determined by
comparing TT genotype frequencies in the group
of respondents with hypertension and in the
control group [OR=332.5; 95%CI (98.2-1125.4);
(p=<.0001)]. This study indicated a strong
association of G894T eNOS polymorphism with
essential hypertension in the Moroccan
population [8].

Jiménez-Gonzéalez et al. [9] in the study on
identification of genetic risk factors associated
with ischemic stroke in the Mexican population
observed the Glu/Glu, Glu/Asp and Asp/Asp
frequencies of (107) 52.4%, (86) 42.2% and (11)



5.4% respectively in the group with hypertension.
In the control group, the Glu/Glu, Glu/Asp and
Asp/Asp frequencies were (146) 71.6%, (52)
25.5%, and (6) 2.9% respectively. In the group
with CVD, the Glu/Glu frequencies were (107)
52.4% in comparison to the Glu/Asp+Asp/Asp
frequencies which were (97) 47.6%. In the
control group, the Glu/Glu frequencies were
(146) 71.6% in comparison to the
Glu/Asp+Asp/Asp frequencies which were (58)
28.4%. Significant differences were determined
in distribution by comparing the group with
ischemic stroke and the control group (p=.001)

[9].

Kumar et al. [10] in a meta analysis of 27 studies
(patients-controls) involving 6733 patients and
7305 controls, indicated a significant association
of G894T [OR=1.17, 95% CI (1.08-1.28);
(p<.001)] and 4b/a [OR=1.25, 95% CI (1.13-
1.39); (p<.001)], while the association was not
statistically significant for the T786C [OR=1.11,
95% CI (0.98-1.26); (p=.109)] polymorphism of
the eNOS gene and ischemic heart diseases.
This meta analysis indicates a significant
association of the G894T and 4b/a
polymorphisms of the eNOS gene with the risk of
ischemic heart disease. However, there was no
association of the T786C polymorphism of the
eNOS gene with the risk of ischemic heart
disease (differences were not statistically
significant). The authors indicate that additional
studies with larger sample size are required for
the confirmation of these results [10].

Srivastava et al. [11] in the study on the
association of eNOS (Glu298Asp) gene
polymorphism with essential hypertension in
Asian Indians determined higher prevalence of
the GT+TT genotypes in patients than in controls
as well as the association of T allele with
essential hypertension [OR=2.10, 95%/CI (1.34-
3.28); (p<.001)]. The study suggested the
respondents in this area with T allele to be at
higher risk to develop essential hypertension.
The analysis of the genotype distribution
according to sex in males with essential
hypertension identified the GG genotype in (103)
61.3% of the respondents, the GT genotype in
(61) 36.3% of the respondents, and the TT
genotype in (4) 2.4% of the respondents. In the
control group, the GG, GT and TT genotypes
were determined in (124) 77.0%, (35) 21.8% and
(2) 1.2% of the respondents, respectively
[OR=2.11; 95%/Cl= (1.27-3.52); (p<.01)]. In the
group of female respondents with essential
hypertension, the GG, GT and TT genotypes
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were determined in (35) 60.4%, (22) 37.9% and
(1) 1.7% of the respondents, respectively. In
female controls, the GG and GT genotypes were
determined in (29) 74.4% and (10) 25.6% of the
respondents, while the TT genotype was not

recorded in this group (0) 0% of the
respondents). The odds ratio showed the
following results: [OR=1.91, 95%/Cl= (0.72—

5.12); (p=.31)] [11].

Djuri¢ et al. [12] in the study conducted in Serbia
determined the GG, GT and TT genotypes in
(99) 43.8%, (101) 44.7% and (26) 11.5% of the
respondents, respectively, in the group of
patients with carotid atherosclerosis. In the
control group, the GG, GT and TT genotypes
were determined in (135) 47.2%, (122) 42.7%
and (29) 10.1% of the respondents. The analysis
of statistical significance did not indicate any
significant differences comparing patients and
controls. For the GG, GT and TT genotypes in
patient/control group, p values were 0.44, 0.61
and 0.53, respectively. They conclude that
Glu298Asp eNOS gene polymorphism by itself is
not associated with the occurrence of carotid
plaque in Serbian patients with carotid
atherosclerosis. However, further association
studies with emphasis on the effect of haplotype
need to be conducted [12].

Velloso et al. [13] in their analysis of the eNOS
gene polymorphism determined that the
genotype frequency for Glu298Glu was (49)
49.0% in patients with CVD and (36) 35.0% in
the control group (p=.030). The Glu298 Asp
genotype had a frequency of (47) 47.0% in
patients with CVD and (51) 49.5% in the control
group (p=.414). The Asp298Asp genotype had a
frequency of (4) 4.0% in patients and (16) 15.5%
in the control group (p=.005) [13].

Duri¢ et al. [14] in their study determined that
Asp298Asp genotype could be a significant
marker for interindividual differences in risk for
complicated plaque development in Serbian
patients  with  advanced  atherosclerosis.
However, they concluded that the number of
patients included in this study was limited to
make a final conclusion and that this result must
be validated in a larger number of patients from
Serbia as well as in other populations [14].

4, CONCLUSION
Multifactorial diseases such as cardiovascular

ones are linked to genetic and environmental
factors. Studies on the risk of their occurrence



involves complex, multifactorial research on
molecular-genetic level which could enable the
assessment of risk profiles. Since it is not known
if studies on the effect of the eNOS gene
variations (the GIu298Asp variant) on the
susceptibility to cardiovascular diseases have
been conducted in our area, this study provides
good guidelines for further study and
development of molecular-genetic diagnostics
and recommended genetic testing in the
assessment of risk factors for the development of
cardiovascular diseases in health care
institutions in Tuzla Canton and more broadly
across the region. The results of this study could
be a basis for the application in molecular clinical
diagnostics, the informativeness assessment of
endothelial  nitric  oxide  synthase gene
polymorphism (GIlu298Asp, G894T) as an
adequate marker in molecular diagnostics. The
realization of this study has offered preliminary
results of the molecular genetic characterization
of the eNOS gene in the human population of
Tuzla Canton and the Bosnian-Herzegovinian
population. The mentioned polymorphism may
not be considered the main risk factor for
hypertension. However, the results of this study
indicate that its effect on hypertension needs to
be investigated together with other genetic and
acquired risk factors for cardiovascular diseases.
Future studies will definitely cover other
cardiovascular diseases, a larger number of

respondents and the association of
anthropometric and biochemical parameters
with genotype frequencies of endothelial

nitric  oxide
(Glu298Asp).

synthase gene polymorphism

CONSENT

All authors declare that all participants were
informed on the study protocol and gave their
signed consent to participate in this study by
supplying a sample for DNA isolation and
molecular genetic characterization of eNOS gene
genotypes.

ETHICAL APPROVAL

The study was conducted in accordance with the
ethical principles as per the Declaration of
Helsinki. Respondents selection and blood
sampling for the study were conducted at
Medical Center "Plava Poliklinika", “Plava
Medical Group”, Department of Biochemistry,
Microbiology and Genetics, Tuzla with the
approval of the Ethics Committee of the
healthcare institution (Number:1627-3/21).

35

Avdic et al.; BJI, 26(4): 29-37, 2022; Article no.BJI1.92100

ACKNOWLEDGEMENTS

We thank Medical Center "Plava Poliklinika",
Plava  Medical Group, Department of
Biochemistry, Microbiology and Genetics where
respondent selection for this study was
conducted as well as sample collection for
molecular-genetic characterization.

We thank the respondents who voluntarily
participated in this study.

The study was supported by the Federal Ministry
of Education and Science of Bosnia and
Herzegovina conducted within the scientific
project titled “Financing projects relevant for the
Federation of Bosnia and Herzegovina in 20207,
namely Tuzla University internal call for
financing/co-financing projects in the field of
science relevant for the Federation of Bosnia and
Herzegovina in 2020 (Number: 01-6260-1-1V
/20).

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Cozma A, Fodor A, Orasan OH, Vulturar

R, Samplelean D, Negrean V, Muresan C,

Suharoschi R, Sitar-Taut A.
Pharmacogenetic implications of eNOS
polymorphisms (Glu298Asp, T786C,

4b/4a) in cardiovascular drug therapy. In
Vivo. 2019;33(4):1051-1058.

DOI: 10.21873/invivo.11573

PMID: 31280192;

PMCID: PMC6689342.
Available:https://www.ncbi.nlm.nih.gov/pm

c/articles/PMC6689342/
[Retrieved July 1, 2022]

2. Smilji¢ S, Nestorovic V, Savic S.
Modulatorna uloga azot-oksida na sréane
performance. Medicinski Pregled.
2014;67:9-10:345-352.

3. Shankarishan P, Borah PK, Ahmed G,

Mahanta J. Endothelial nitric oxide
synthase gene polymorphisms and the risk
of hypertension in an Indian population.
BioMed Research International.
2014;11,Article ID 793040.
Available:https://dx.doi.org/10.1155/2014/7
93040
https://www.ncbi.nlm.nih.gov/pmc/articles/
PMC4140129/



Abdel-Aziz TA, Mohamed RH. Association
of endothelial nitric oxide synthase gene
polymorphisms with classical risk factors in
development of premature coronary artery
disease. Molecular Biology Reports. 2013;
40(4):3065-3071.

DOI: 10.1007/s11033-012-2380-7

Epub 2012 Dec 27.

PMID: 23269619.

Ogretmen Z, Hiz MM, Silan F, Uludag A,
Ozdemirc O. Association of endothelial
nitric oxide synthase GIlu298Asp gene
polymorphism in psoriasis cases with
hypertension. Ann Saudi Med. 2014;34(4):
340-345.

DOI: 10.5144/0256-4947.2014.340

PMID: 25811208;

PMCID: PMC6152563.
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC6152563/

[Retrieved November 17, 2021].

Dasar N, Ghaderian SM, Azargashb E.
Human evaluation of the GIlu298Asp
polymorphism in NOS3 gene and its
relationship with onset age of ESRD in
Iranian patients suffering from ADPKD.
IJIMCM Spring. 2012;1(2):105-12.

PMID: 24551766;

PMCID: PMC3920495.

Arif Yalcin A, Faruk Akturk 1, Celik O,
Erturk M, Sabri Hancer V, Yalcin B,
Isiksacan N, Uzun F, Ozbey Ozyilmaz S,
Biyik I. Coronary artery ectasia is
associated with the ¢.894G>T (GIlu298Asp)
polymorphism of the endothelial nitric
oxide synthase gene. Tohoku J Exp Med.
2014;232(2):137-144.

DOI: 10.1620/tjfem.232.137

PMID: 24573064.
Available:https://www.jstage.jst.go.jp/articl
eltiem/232/2/232_137/ pdf/-char/en
[Retrieved November 24, 2021].
Nassereddine S, Hassani Idrissi H, Habbal
R, Abouelfath R, Korch F, Haraka M,
Karkar A, Sellama Nadifi S. The
polymorphism G894 T of endothelial nitric
oxide synthase (eNOS) gene is associated
with susceptibility to essential hypertension
(EH) in Morocco. BMC Med Genet. 2018;
19 (1):127.

DOI: 10.1186/s12881-018-0638-1

PMID: 30053839;

PMCID: PMC6062870.

Jiménez-Gonzéalez MC, Santiago-German
D, Castillo-Henkel EF, Alvarado-Moreno
JA, Hernandez-Juarez J, Leafios-Miranda
A, Majluf-Cruz A, Isordia-Salaset |.

36

10.

11.

12.

13.

Avdic et al.; BJI, 26(4): 29-37, 2022; Article no.BJI1.92100

Identification of genetic risk factors
associated with ischaemic stroke in young
Mexican patients. Neurologia. 2021;36(5):
337-345.

DOI: 10.1016/j.nrleng.2018.01.011

Epub 2019 Nov 10.

PMID: 34714231.
Available:https://www.elsevier.es/en-
revista-neurologia-english-edition--495-
avance-resumen-identification-genetic-
risk-factors-associated-
S2173580819301361

[Retrieved November 17, 2021].

Kumar A, Misra S, Kumar P, Prasad K,
Pandit AK, Chakravarty K, Kathuria P,
Gulati A. Association between endothelial
nitric oxide synthase gene polymorphisms
and risk of ischemic stroke: A meta-
analysis. Neurol India. 2017;65(1):22—34.
DOI: 10.4103/0028-3886.198170

PMID: 28084234.
Available:https://www.neurologyindia.com/
article.asp?issn=0028-
3886;year=2017;volume=65;issue=1;spag
e=22;epage=34;aulast=Kumar

Srivastava K, Narang R, Sreenivas V, Das
S, Das N. Association of eNOS Glu298Asp
gene  polymorphism  with  essential
hypertension in Asian Indians. Clin Chim
Acta. 2008;387(1-2):80-83.

DOI: 10.1016/j.cca.2007.09.007

Epub 2007 Sep 19.

PMID: 17935708.
Available:https://www.sciencedirect.com/sc
ience/article/abs/pii/S00098981070047437?
via%3Dihub

[Retrieved June 16, 2022]

Djuri¢ T, Umicevi¢ M, Kon¢ar |, Zivkovi¢ M,
Vasi¢ D, Davidovié L, Stankovic A,
Alavanti¢ D. Lack of association between
eNOS Glu298Asp gene polymorphism and
carotid atherosclerosis in a Serbian
population. Clin Chem Lab Med.
2009;47(12):1573-1575 (Letter the
Editor)

Available:http://www.doiserbia.nb.rs/img/d
0i/0354-4664/2013/0354-
46641301143D.pdf
https://www.ncbi.nIm.nih.gov/pmc/articles/
PMC6062870/pdf/12881_2018_Article_63
8.pdf [Retrieved June 20, 2022].

Velloso MW, Pereira SB, Gouveia L,
Chermont S, Tardin OM, Goncgalves R,
Camacho V, Contarato Lde F, Quintdo M,
Oliveira e Alves T, Pessoa LP, Brito Junior

to


http://www.doiserbia.nb.rs/img/doi/0354-4664/2013/0354-46641301143D.pdf
http://www.doiserbia.nb.rs/img/doi/0354-4664/2013/0354-46641301143D.pdf
http://www.doiserbia.nb.rs/img/doi/0354-4664/2013/0354-46641301143D.pdf

Avdic et al.; BJI, 26(4): 29-37, 2022; Article no.BJI1.92100

A, Ribeiro GS, Mesquita ET. Endothelial 14. Buri¢ T, Pordevi¢ A, Luki¢ N, Andelevski

nitric oxide synthase Glu298Asp gene M, Zivkovic M, Stankovic A. eNOS
polymorphism in a multi-ethnical Glu298Asp polymorphism is associated
population with heart failure and controls. with development  of  complicated
Nitric Oxide. 2010;22(3):220-225. plaques in patients from Serbia with
DOI: 10.1016/j.niox.2009.12.007 advanced carotid atherosclerosis. Archives
Epub 2010 Jan 14. of Biological Sciences. 2013;65(1):143-
PMID: 20079452. 149.

Available:https://doi.org/10.1016/j.niox.200 Available:https://doi.org/10.2298/ABS1301
9.12.007 143D

© 2022 Avdic et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle5.com/review-history/92100

37


https://doi.org/10.1016/j.niox.2009.12.007
https://doi.org/10.1016/j.niox.2009.12.007
https://doi.org/10.2298/ABS1301143Đ
https://doi.org/10.2298/ABS1301143Đ
http://creativecommons.org/licenses/by/4.0

