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ABSTRACT

Aim To assess endothelial nitric oxide synthase (eNOS) gene
(G894T) polymorphism and nitric oxide (NO) level in hypertensi-
ve diabetic Bataknese patients.

Methods A hospital-based, case control study (hypertensive and
normotensive diabetic patient) was conducted. Genotyping of
eNOS gene (G894T) was done using polymerase chain reaction-
restriction fragment length polymorphism (PCR-RFLP). Nitric
oxide was quantified by sandwich enzyme-linked immunosorbent
assay (Sandwich ELISA).

Results GT polymorphism and T allele were higher in the hy-
pertensive diabetic patients, 37.5% (p=0.6) and 54% (p=0.39),
respectively. Nitric oxide level tended to be lower in the hyperten-
sive diabetic patients (88.87umol/L) comparing to the normoten-
sive (95.42 pmol/L (p=0.54), as well as GT and TT polymorphism

type (p=0.75).

Conclusion eNOS gene (G894T) polymorphism is not associated
with NO level and hypertension in the diabetic Bataknese patients.
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INTRODUCTION

Hypertension is one of the major public health pro-
blems in the world. It is called “silent killer” since
it may have no warning signs and symptoms (1).
Around 31% of all adults worldwide suffer from
hypertension. While prevalence decreases in high-
income countries, hypertension increases in low/
middle-income countries (2). In 2015, prevalence
of hypertension in Indonesia was 33.4% (3). Hyper-
tension could cause numerous health problems to
human body. One of the most deadly complications
of hypertension is cardiovascular disease, which
accounts for 35% of deaths in Indonesia (4).

Hypertension is associated with several risk fac-
tors. Type 2 diabetes mellitus (T2DM) is one of
the common underlying diseases of hypertensi-
on. When hypertension and T2DM co-exist, the
risk of stroke or coronary arterial disease (CAD)
will increase 2-4 times (5,6). Pathogenesis of
hypertension in T2DM is a complex process.
Endothelial dysfunction is the main cause of car-
diovascular complication in T2DM (7,8). Hyper-
glycaemia, free fatty acid, and insulin resistance
reduce nitric oxide (NO) and increase endothe-
lin-1 that cause prolonged vasoconstriction lea-
ding to hypertension (9).

Nitric oxide synthesis is catalysed by nitric oxide
synthases (NOS). Endothelial NOS (eNOS) is
an NOS isoform responsible for catalysing the
formation of NO from I-arginine in endothelial
cells, and therefore plays a central role in vas-
cular function (10). The eNOS is expressed by
the eNOS gene. Glu298Asp (aspartate instead of
glutamate in codon 298) as a result of G894 T (su-
bstitution of guanine by tymin in position 894 at
exon 7) is an eNOS gene polymorphism known
to be responsible for altered NO production and
to cause some cardiovascular problems, such as
hypertension and CAD (11-14) and in some the-
ories also causes T2DM (15-16).

A study on eNOS gene polymorphism in hyper-
tensive diabetic patients has never been conduc-
ted on Bataknese ethnicity, Indonesia. Knowled-
ge in this field is important to determine better
management for this population.

The aim of this study was to assess eNOS gene
(G894T) polymorphism and NO level in hyper-
tensive and normotensive diabetic Bataknese pa-
tients in Indonesia.

PATIENTS AND METHODS

Patients and study design

This was a hospital-based, case control study of
eNOS gene polymorphism in T2DM patients.
Samples were all Bataknese T2DM patients who
visited Internal Medicine Department of Univer-
sitas Sumatera Utara Hospital, Medan, Indonesia
from June to July 2019.

Patients with T2DM and hypertension were in-
corporated in a case group, while patients with
T2DM but without hypertension (normotensive)
were included in a control group. Hypertension
was defined as having systolic blood pressu-
re >140 mmHg or diastolic blood pressure >90
mmHg (17). Cases and controls were matched
on sex, age, HbA1C and plasma glucose level.
Inclusion criteria were T2DM patients and Ba-
taknese ethnicity (pure ethnic for three gene-
ration). T2DM was defined as having fasting
plasma glucose (FPG) >126 mg/dL and 2 hours
post-prandial plasma glucose (2h PP) >200 mg/
dL (18). Bataknese is an ethnic group originating
from Medan (19). In this study, we included only
pure descendants of Batak tribe whose parents
and grandparents are of pure Bataknese ethnicity.
Patients with secondary hyperglycaemia (e.g.
corticosteroid medication) and kidney complica-
tions were excluded.

This research was approved by the Ethical Com-
mittee of School of Medicine, Universitas Suma-
tera Utara.

Methods

Demographic data, glucose level, NO level,
eNOS gene polymorphism were collected in this
study. Sex and age were obtained from the medi-
cal record. HbA1C and blood plasma level were
examined by Automatic Cobas® 6000 C (Roche
Diagnostics, Mannheim, Germany) according
to manufacturer’s instruction. Nitric oxide was
quantified by sandwich enzyme-linked immu-
nosorbent assay (Sandwich ELISA) on serum
sample. Six ml blood was taken in non-ethyl-
enediaminetetraacetic acid (EDTA) vacutainer
and processed to obtain serum. Endothelial NOS
gene (G894T) polymorphism was examined by
deoxyribonucleic acid (DNA) isolation, contin-
ued by polymerase chain reaction-restriction
fragment length polymorphism (PCR-RFLP).
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Isolation of DNA was conducted by using Wizard
Genomic DNA Purification Kit (Promega, Madi-
son, WI). PCR was done in 30 pl PCR mixture
consisting of 15 pL GoTaq Green Master Mix
(Promega), 11 pL ddH,O, 1 pl forward prim-
er (5-AACCCCCTCTGGCCCACTCCC-37)
10 uM and I1pL reverse primer (5°-TC-
CATCCCACCCAGTCAAT-3") 10 uM and 2 pL.
DNA (15). The mixture was incubated initially
at 95 °C for 8 minutes, followed by 40 cycles of
denaturation at 94 °C for 1 minute, annealing at
63 °C for 45 seconds, extension at 72 °C for 1
minute and final extension at 72 °C for 7 minutes.
After that, RFLP was carried out by incubating
5 nL PCR product, 0.5 pLL 10x Buffer R (with
BSA) (Thermoscientific), 3.5 ul H,O and 0.5 pLL
Mbol restriction enzyme (Thermoscientific) in 37
°C for 1 hour (15). The electrophoresis of PCR-
RFLP products was performed in 3% agarose gel
containing ethidium bromide (0.5 pg/mL) and
photographed using the gel documentation sys-
tem. Results were categorized into homozygote
GG, which showed single 206 bp band, homozy-
gote TT 119 bp and 87 bp bands, and heterozy-
gote 206 bp, 119 bp and 87 bp bands.

Statistical analysis

Bivariate analysis between age, HbA1C and pla-
sma glucose level in case and control group were
done using independent t-test. Analysis of nitric
oxide level and eNOS gene polymorphism betwe-
en case and controls were done using independent
t-test and chi-square test, respectively. eNOS gene
polymorphism was analysed with nitric oxide le-
vel by using ANOVA. Hardy-Weinberg equilibri-
um was performed in both case and control group
for the analysed polymorphism.

RESULTS

A total of 112 patients were included in this study
with 56 patients in both case and control group.
The case group consisted of 23 male and 33 fema-
le patients, while the control group had 24 male
and 32 female patients. All patients’ characteristics
were not different statistically (Table 1) (p>0.05).

No significant differences between the groups
were observed both in NO level (p=0.536) and
eNOS gene polymorphism (p=0.601). In the case
group, NO level (mean 88.87 pmol/L) tended
to be lower than the control group (mean 95.42

Table 1. Patient characteristic and nitric oxide (NO) level in
the case and control group

. Case grou Control grou;
Variable (MeangiSDl; (MeanigSD)p P
Age (years) 59.32+8.562 57.71 £10.302 0.371
HbA1C (%) 8.305+1.875 7.659+ 1.725 0.060
FPG (mg/dL) 184.93 +73.322 16529 +71.126  0.153
2hPP (mg/dL) 247.38 +£92.994 228.41+77.670  0.244
NO (umol/L) 88.87+54.359 95.42+57.133 0.536

FBG, fasting plasma glucose; 2hPP, 2 hours post-prandial plasma
glucose

umol/L) (Table 1). More GT polymorphism
(37.5%) was seen in the case group than the con-
trol group (29.57%), while more GG polymor-
phism (60.71%) was seen in the control group
than the case group (60.71%). Moreover, there
was no association between polymorphism type
and NO level (GG mean 95.02pmol/L, GT 87.09
umol/L, TT 80.80 umol/L, p=0.75), although
the level tended to be lower in GT and TT poly-
morphism. Genotypic distribution of the G894T
polymorphism was in Hardy-Weinberg Equilib-
rium (HWE) among both case and control group
(p =0.568 and p=0.265, respectively) (Table 2).

Table 2. Polymorphism type in the case and control group
eNOS gene

No (%) of patients in the group

. Total P
polymorphism Case Control
Genotype GG 34 (60.71) 39 (69.64) 73
GT 21 (37.50) 16 (28.57) 37 0.601
TT 1(1.79) 1(1.79) 2
Allele G 89 (79.46) 94 (83.93) 183 0.388
T 23 (20.54) 18 (16.07) 41
eNOS, endothelial nitric oxide synthase
DISCUSSION

To our knowledge, this is the first study assessing
genetic background of hypertension in T2DM pa-
tients in Indonesia. Moreover, a study of eNOS
gene polymorphism has never been performed in
a Bataknese patient who resides in the western part
of Indonesia. Only diabetic patients were included
because the combination of T2DM and hyperten-
sion could lead to worse complications. Special
management is needed for this population.

Nitric oxide is well-known for its capability to
reduce the risk of cardiovascular disease in hu-
mans, including hypertension. T2DM is a risk
factor of low NO level in humans. Low NO level
in T2DM could cause vasoconstriction resulting
in hypertension (9). In this study, we found no
difference of NO level in hypertensive and nor-
motensive diabetic patients. However, mean NO
level tended to decrease in hypertensive diabetic
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patients. Although NO is usually higher in both
diseases when they occur separately (20), the
study on NO level in co-existence of T2DM and
hypertension is scarce and conflicting. Manju
et al. stated that NO level was lower in diabe-
tic patients as compared to non-diabetic patients,
but failed to demonstrate significant difference
when comparing hypertensive and normotensive
diabetic patients (21). Shahid et al. found lower
NO level in hypertensive diabetic patients than
in normotensive diabetic patients (22). Given the
fact that our study and published studies are case
control studies with a low number of patients and
a high number confounding factors, an exact cau-
sality could not be made. A cohort study should
be conducted in the future to assess this problem.

The effect of eNOS gene polymorphism on hyper-
tensive and normotensive diabetic patients was
also assessed. We found more GT polymorphism
types than GG polymorphism types in hyperten-
sive diabetic patients, although the difference was
not significant. T allele also tended to be higher in
hypertensive diabetic patients. G894T polymorp-
hism was associated with hypertension in some
ethnicities. Asian, especially Chinese and Indian
ethnicities were associated with a higher risk for
hypertension caused by this genetic predisposi-
tion (23,24). In some areas outside Asia, such as
Egypt, the association was also observed (13).
Allele T was associated with the higher risk for
hypertension, especially in females (25). Howe-
ver, in several studies, for example in Sudan (26),
among East Asian (27), and among Whites (23),
no association was found. In Indonesia, one stu-
dy showed no association between eNOS gene
(G894T) polymorphism and essential hyperten-
sion in Javanese patients, who live on a separated
island with Bataknese. We have concluded that
the effect of G894T polymorphism is ethnicity
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