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Abstract: Objective: To investigate the effect of multidrug resistance protein 1 (MDR1) C3435T and endothelinconverting enzyme-1 (ECE-1) C-338A single nucleotide polymorphisms (SNPs) on the antihypertensive effect of
irbesartan, and to provide guidance for individualized treatment of hypertension. Methods: A total of 107 patients
with essential hypertension (EH) who were diagnosed and treated in The Affiliated Hospital of Inner Mongolia Medical University from July 2017 to October 2017 were selected. Eleven patients were excluded and the remaining 96
patients who met the inclusion criteria received oral irbesartan tablets (150 mg, once per day). The curative effect
of the drug was evaluated after a 30-day regimen. The frequencies of the MDR1 C3435T and ECE-1 C-338A genotypes were respectively calculated in the patient population. Plasma concentration of irbesartan and blood pressure
before and after treatment were measured to assess the antihypertensive effects on each genotype. Results: The
frequencies of TT, TC and CC genotypes of MDR1 C3435T SNP were 10.42%, 48.96% and 40.62% respectively.
The frequencies of AA, AC and CC genotypes of ECE-1 C-338A SNP were 19.79%, 52.08% and 28.13% respectively.
The plasma concentration of irbesartan in patients with the TT MDR1 C3435T genotype was significantly higher
compared to the TC and CC genotypes (P < 0.05). The plasma concentrations of irbesartan were not significantly
different between the ECE-1 C-338A genotypes (P > 0.05). The post treatment decrease in systolic blood pressure
(ΔSBP) was most significant in the MDR1 C3435T TT genotype (P = 0.000), and in the ECE-1 C-338A CC genotype (P
= 0.003). The total effective rate of irbesartan was also significantly higher in the TT genotype (80.00%) compared
to the MDR1 C3435T TC and CC genotypes (P < 0.05). The total effective rate of irbesartan in the CC genotype was
66.67%, which was significantly higher than that in the ECE-1 C-338A AA and AC genotypes (P < 0.05). Correlation
analysis showed that MDR1 C3435T TT and ECE-1 C-338A CC genotypes were significantly and positively correlated
with the antihypertensive efficacy of irbesartan (P = 0.036, P = 0.031). Conclusion: The SNPs of MDR1 C3435T and
ECE-1 C-338A genes affect the antihypertensive effect of irbesartan. Knowledge of the genotypes of EH patients
can help select the optimum angiotensin II receptor blocker for the individualized treatment of EH.
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Introduction
The onset of essential hypertension (EH) is
closely related to genetic and environmental
factors, and is a complex disease involving multiple genes [1]. The incidence of adult hypertension in China has increased recently, with a predilection towards the younger age-groups.
Although the general awareness of hypertension has been continuously increasing in recent

years, the treatment and prevention rates are
still relatively low [2]. Recent studies have
shown that the P-glycoprotein (P-gp), also
known as multidrug resistance protein 1
(MDR1), plays an important role in the absorption, distribution, and elimination of antihypertensive drugs. In addition, the endothelin-converting enzyme-1 (ECE-1) is associated with the
onset of EH. It is therefore likely that polymorphisms in the MDR1 C3435T may influence the
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metabolism and clinical efficacy of antihypertensive drugs. The angiotensin II (Ang II) receptor blocker (ARB) are the drugs of choice in
treating hypertension since they can specifically block angiotensin-converting enzyme 1 (ACE1) receptors, and independent of their antihypertensive actions, also improve metabolism
and protect the heart and kidney [3]. Irbesartan,
a dibenzimidazole ARB, is widely used in the
treatment of EH, congestive heart failure, and
diabetic nephropathy that is often a comorbidity of hypertension. In addition, due to its high
clinical safety, irbesartan doses do not have to
be modified in the elderly patients or those with
liver damage. A number of studies have shown
that irbesartan is the most frequently prescribed ARB in hypertension and its use is
steadily rising [4, 5]. However, the antihypertensive effects of irbesartan differ among patients,
which may be related partly to the polymorphisms of MDR1 C3435T and ECE-1 C-338A
genes [6]. We analyzed the association between
the polymorphisms of MDR1 C3435T and
ECE-1 C-338A genes and the antihypertensive
effect of irbesartan by exploring drug responsiveness and clinical outcomes in individual
patients with different genotypes. Our findings
will help providing guidance for the selection of
antihypertensive regimens and the rational use
of antihypertensive drugs in patients with EH.
Materials and methods
Patient data
A total of 107 patients (56 males and 51
females; aged 50-75 years) with EH who were
diagnosed and treated in our outpatient of
Cardiovascular Medicine Department from July
2017 to October 2017 were selected. The study
was approved by the Medical Ethics Committee
of The Affiliated Hospital of Inner Mongolia
Medical University and all patients signed the
informed consent.
Inclusion criteria: 1) Hypertension diagnosis
according to the recommendations in the
revised edition of 2005 Guidelines for the
Prevention and Treatment of Hypertension in
China, which entails sitting systolic blood pressure (SBP) ≥ 140 mmHg (18.7 kPa) or diastolic
blood pressure (DBP) ≥ 90 mmHg (12.0 kPa)
[7]. 2) No history of antihypertensive drug use
during the 2 weeks before inclusion.

13706

Exclusion criteria: 1) Patients with secondary
hypertension, severe kidney disease, cardiopulmonary insufficiency, liver and kidney function
damage and tumors. 2) Patients with diseases
(cerebral vascular accident, myocardial infarction, unstable angina, aortic dissection, hypertrophic obstructive cardiomyopathy, arrhythmia, etc.) in the recent 6 months. 3) Pregnancy
or lactation. 4) Allergy to ARBs. 5) Psychiatric
disorders and resulting inability to collaborate.
Irbesartan regimen
All patients were given instructions for healthy
lifestyle, and asked to quit alcohol and avoid
high-fat diet before the commencement of the
study. On the day after enrollment, 10 mL fasting cubital venous blood was first collected
from each patient; 5 mL was used to measure
the blood routine, hepato-renal function, and
blood lipid levels, another 5 mL was stored
at -70°C until use after ETDA anticoagulation.
The patients were prescribed irbesartan tablets (Hangzhou Sanofi Pharmaceutical Co.,
Ltd., China) at the dose of 150 mg orally once a
day for 30 days. On the 31st day of the regimen, 5 mL fasting cubital venous blood was
taken, and plasma was separated and stored
at -70°C for various tests. During the course of
treatment, patients with irregular compliance
were excluded.
Genotypic analysis
The patients were genotyped for the MDR1
C3435T and ECE-1 C-338A single nucleotide
polymorphisms (SNPs) by PCR-RFLP. Genomic DNA was extracted from blood by the standard phenol/chloroform method. Primers were
designed using Oligo 6.0 software and synthesized by Shanghai Shenggong Bioengineering
Company (China). The sequences were: MDR1
C3435T forward: 5’-TGATTGCAGCTAGTTCATGC-3’, MDR1 C3435T reverse: 5’-ATGGCATCTATGTTAGCCTC-3’, ECE-1 C-338A forward: 5’GCTGGCCATGGCCAGATAAGCC-3’, and ECE-1
C-338A reverse: 5’-TTACTCCGCTGACTGGCAGTTC-3’. The amplified products were analyzed
by 2.5% agarose gel electrophoresis.
Clinical evaluation of the patients
After completion of the 30-day irbesartan regimen, the patients were evaluated on the ba-
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mmHg within the normal
range; “ineffective”, when it
isn’t up to the above standards [9]. Total effective rate
= Number of cases (“markedly effective” + “effective”)/
total number of cases *
100%. The differences in the
antihypertensive effect of
irbesartan across the genotypes were compared.

Figure 1. MDR1 C3435T and ECE-1 C-338A genotype distribution. A: MDR1
C3435T. B: ECE-1 C-338A. MDR1, multidrug resistance protein 1; ECE-1,
endothelin-converting enzyme-1.

sis of various indicators to determine the
effects of the drug. General indicators such as
the age and body mass index (BMI) of all
patients were recorded at inclusion. Liver
and kidney function and electrolyte levels
were also measured before and after treatment and compared across the different
genotypes.
The plasma concentration of irbesartan was
determined by high performance liquid chromatography-fluorescence detection as previously
described, and compared between the genotypes [8].
To determine the antihypertensive effects
of irbesartan, patients’ DBP and SBP were
measured before and after treatment, and
the difference was calculated (ΔDBP = DBPpre- DBPpost-treatment, ΔSBP = SBPpre-treatment treatment
SBPpost-treatment), and compared between genotypes. Sitting BP was measured with a mercury sphygmomanometer and 3 measurements
with 30 seconds intervals were taken, and the
average of the measurements was used for
statistics.
Current literature defines the anti-hypertensive
efficacy of a drug: “markedly effective”, when
the DBP decreases by ≥ 10 mmHg and is
restored to the normal range, or the DBP
decreases by ≥ 20 mmHg without returning
to the normal range; “effective”, when the
DBP decreases by 10-19 mmHg, SBP decreases by > 30 mmHg, or DBP decreases by ≤ 10
13707

Finally, the drug safety was
evaluated on the basis of any
adverse reactions during medication by monitoring patients’ renal functions, electrolytes and other indicators.
Statistical analysis

SPSS 19.0 statistical software was used for
data analysis. Measurement data were ex_
pressed as mean ± standard deviation ( x ±
sd). Unpaired t-test was used to compare the
mean of the two groups, and paired t-test was
used to compare the mean before and after the
intervention in the same group. One-way analysis of variance was used to compare the mean
between groups. For pairwise comparisons,
LSD method was used for equal variance and
Dennett T3 method for unequal variance.
Enumeration data were presented as n (%) and
compared by X2 test. Ranked data were compared by rank sum test. Multivariate logistic
regression was used to calculate the odds ratio
and its 95% confidence interval to indicate relative risk. P < 0.05 is considered statistically
significant.
Results
Frequencies of MDR1 C3435T and ECE-1 C338A SNPs in the patient population
Eleven out of the 107 patients withdrew from
the study due to irregular compliance with the
medication. Eventually, 96 patients (46 males
and 50 females aged 50-75 years with an average age of 61.3 ± 12.7 years) with hypertension completed the regimen. The frequency of
the T allele of MDR1 C3435T SNP was 34/96
and that of the C allele was 62/96. The frequencies of the TT, TC and CC genotypes among
the patients were 10.42% (n = 10), 48.96% (n =
47) and 40.62% (n = 39) respectively. The freInt J Clin Exp Med 2018;11(12):13705-13712
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Table 1. Comparison of general clinical data among the MDR1 C3435T genotypes
Genotype
TT
TC
CC
χ2/F
P

Case
10
47
39

Male/female
3/7
22/25
21/18
1.859
0.395

Age (year)
60.7 ± 13.5
61.5 ± 13.1
61.2 ± 12.9
0.017
0.983

BMI (kg/m2)
22.1 ± 7.3
22.7 ± 6.5
23.5 ± 9.2
0.181
0.835

ALT (U/L)
17.3 ± 6.5
18.2 ± 5.9
17.1 ± 6.3
0.363
0.697

CR (μmmol/L)
65.3 ± 12.1
67.1 ± 13.2
65.8 ± 12.6
0.149
0.862

Note: MDR1, multidrug resistance protein 1; BMI, body mass index; ALT, alanine transaminase; CR, creatinine.

Table 2. Comparison of general clinical data among the ECE-1 C-338A genotypes
Genotype
AA
AC
CC
χ2/F
P

Case
19
50
27

Male/female
8/11
23/27
15/12
0.962
0.618

Age (year)
60.5 ± 13.2
61.3 ± 12.7
61.9 ± 13.5
0.064
0.938

BMI (kg/m2)
22.6 ± 8.7
23.2 ± 6.2
22.8 ± 7.9
0.058
0.944

ALT (U/L)
17.5 ± 6.1
18.0 ± 5.7
17.1 ± 6.5
0.204
0.816

CR (μmmol/L)
67.2 ± 13.5
66.8 ± 12.9
65.0 ± 13.1
0.214
0.808

Note: ECE-1, endothelin-converting enzyme-1; BMI, body mass index; ALT, alanine transaminase; CR, creatinine.

Table 3. Comparison of plasma concentration of irbesartan
among the MDR1 C3435T
_
genotypes ( x ± sd)
Genotype
TT
TC
CC
F
P

Case
10
47
39

PCI (μg/L)
162.5 ± 31.6
93.1 ± 52.8*
98.2 ± 36.7*,#
10.088
0.000

Note: MDR1, multidrug resistance protein 1; PCI, plasma
concentration of irbesartan; comparison with TT genotype, *P < 0.05; comparison with TC genotype, #P > 0.05.

Table 4. Comparison of plasma concentration of irbesartan
among the ECE-1 C-338A
_
genotypes ( x ± sd)
Genotype
ECE-1 C-338A
AA
AC
CC
F
P

Case

PCI (μg/L)

19
50
27

103.6 ± 21.9
98.7 ± 31.2
108.4 ± 27.5
1.030
0.361

Note: ECE-1, endothelin-converting enzyme-1; PCI,
plasma concentration of irbesartan.

quency of the A allele of ECE-1 C-338A SNP was
43/96 and that of the C allele was 53/96. The
frequencies of the AA, AC and CC genotypes
were 19.79% (n = 19), 52.08% (n = 50) and
28.13% (n = 27) respectively (Figure 1).
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Comparison of general clinical data of the
hypertensive patients with their genotypes
There were no significant differences in aspects
such as gender, age, BMI, ALT, CR, etc. among
the MDR1 C3435T and ECE-1 C-338A genotypes (all P > 0.05). See Tables 1 and 2.
Plasma concentration of irbesartan
Significant differences were seen in the plasma concentration of irbesartan among the
MDR1 C3435T genotypes (P = 0.000); while
patients with the TT genotype had significantly higher irbesartan compared to the
TC and CC genotypes (P < 0.05), the difference between the latter two was not statistically significant (P > 0.05). There were also
no significant differences in the plasma concentration of irbesartan among the ECE-1
C-338A genotypes (P = 0.361). See Tables 3
and 4.
Antihypertensive efficacy
The post-treatment SBP was significantly different between the ECE-1 C-338A genotypes (P =
0.003), with the AA genotype showing the highest and the AC genotype showing the lowest
SBP. Significant differences were seen in the
ΔSBP among both MDR1 C3435T and ECE-1
C-338A genotypes (P = 0.000, P = 0.003), with
the TT and CC genotypes showing the most significant reduction in the MDR1 C3435T and
Int J Clin Exp Med 2018;11(12):13705-13712
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Table 5._ Comparison of blood pressure before and after treatment among the MDR1 C3435T genotypes ( x ± sd, mmHg)
Genotype
Case
DBP before treatment
SBP before treatment
DBP after treatment
SBP after treatment
ΔDBP
ΔSBP

TT
10
91.2 ± 7.6
172.4 ± 12.5
80.6 ± 6.5
146.3 ± 10.5
9.6 ± 2.3
26.1 ± 7.3

TC
47
93.8 ± 9.1
167.8 ± 14.1
85.7 ± 7.2
154.3 ± 11.2
8.1 ± 3.7
13.5 ± 6.1

CC
39
92.5 ± 8.3
169.2 ± 13.9
84.2 ± 7.5
154.9 ± 10.3
8.3 ± 3.5
14.3 ± 5.9

F

P

0.483
0.475
2.115
2.674
2.472
17.932

0.618
0.624
0.126
0.074
0.090
0.000

Note: MDR1, multidrug resistance protein 1; DBP, diastolic blood pressure; SBP, systolic blood pressure; ΔDBP, difference of
diastolic blood pressure before and after treatment; ΔSBP, difference of systolic blood pressure before and after treatment.

Table 6._ Comparison of blood pressure before and after treatment among the ECE-1 C-338A genotypes ( x ± sd, mmHg)
Genotype
Case
DBP before treatment
SBP before treatment
DBP after treatment
SBP after treatment
ΔDBP
ΔSBP

AA
19
94.5 ± 9.7
171.5 ± 12.3
86.4 ± 6.9
157.8 ± 12.5
8.1 ± 3.9
13.7 ± 8.3

AC
50
93.1 ± 8.6
168.6 ± 13.6
84.7 ± 6.3
145.4 ± 13.7
8.4 ± 2.8
13.2 ± 8.5

CC
27
91.8 ± 9.2
167.4 ± 13.1
82.1 ± 6.7
147.7 ± 12.9
9.7 ± 3.5
19.7 ± 7.1

F

P

0.508
0.553
2.606
6.095
1.826
6.023

0.603
0.577
0.079
0.003
0.167
0.003

Note: ECE-1, endothelin-converting enzyme-1; DBP, diastolic blood pressure; SBP, systolic blood pressure; ΔDBP, difference of
diastolic blood pressure before and after treatment; ΔSBP, difference of systolic blood pressure before and after treatment.

Table 7. Comparison of reduced pressure efficiency of irbesartan among the MDR1 C3435T genotypes (n, %)
Genotype Case

Markedly
effective
7 (70.00)
8 (17.02)
7 (17.95)

Total effective
rate
1 (10.00) 2 (20.00)
8 (80.00)
10 (21.28) 29 (61.70) 18 (38.30)
9 (23.08) 23 (58.97)
16 (41.03)
6.025
0.049
Effective

Ineffective

Comparison of antihypertensive
efficacy of irbesartan in all genotypes

Among the 96 patients with
hypertension, irbesartan was
“markedly effective” in 22 cases, “effective” in 20 cases and
“ineffective” in 54 cases. The
total effective rate was 43.75%
Note: MDR1, multidrug resistance protein 1.
(42/96). There were significant
differences in the total effective rate between the genotypes
Table 8. Comparison of reduced pressure efficiency of irbesarof both MDR1 C3435T and
tan among the ECE-1 C-338A genotypes (n, %)
ECE-1 C-338A SNPs (P = 0.049,
Markedly
Total effective
P = 0.018). Irbesartan had a
Genotype Case
Effective Ineffective
effective
rate
significantly higher total effecTT
19
2 (10.53) 5 (26.32) 12 (63.15)
7 (36.85)
tive rate in the patients with
TT genotype of the MDR1 C34TC
50
9 (18.00) 8 (16.00) 33 (66.00)
17 (34.00)
35T SNP compared to the TC
CC
27 11 (40.74) 7 (25.93) 9 (33.33)
18 (66.67)
2
and CC genotypes (P < 0.05).
X
8.062
Among the genotypes of ECE-1
P
0.018
C-338A SNP, highest total effecNote: ECE-1, endothelin-converting enzyme-1.
tive rate of irbesartan was seen
in the CC genotype compared to
ECE-1 C-338A SNPs respectively. See Tables 5
AA and AC genotypes (P < 0.05). See Tables 7
and 6.
and 8.
TT
TC
CC
X2
P
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10
47
39
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Table 9. Correlation between MDR1 C3435T genotypes and antihypertensive effect of irbesartan
Genotype
CC
TC
TT

Valid (case)
16
18
8

Invalid (case)
23
29
2

Crude OR
1
1.23
1.69

95% CI

P

Adjusted OR

95% CI

P

0.97-1.76
1.05-2.61

0.062
0.031

1.31
1.65

0.97-1.83
1.02-2.58

0.067
0.036

Note: MDR1, multidrug resistance protein 1; OR, odds ratio; CI, confidence interval.

Table 10. Correlation between ECE-1 C-338A genotypes and antihypertensive effect of irbesartan
Genotype Valid (case) Invalid (case)
AA
7
12
AC
17
33
CC
18
9

Crude OR
1
1.02
1.37

95% CI

P

Adjusted OR

95% CI

P

0.53-1.15
1.12-2.39

0.073
0.026

0.97
1.31

0.56-1.07
1.12-2.75

0.082
0.031

Note: ECE-1, endothelin-converting enzyme-1; OR, odds ratio; CI, confidence interval.

Correlation analysis of antihypertensive effect
of irbesartan and MDR1 C3435T and ECE-1
C-338A genotypes
Both MDR1 C3435T genotype TT and the ECE-1
C-338A genotype CC were significantly and
positively correlated with the antihypertensive
effect of irbesartan (P = 0.036, P = 0.031). See
Tables 9 and 10.
Adverse reactions
None of the patients showed any significant
adverse reactions during treatment.
Discussion
ARBs are currently the most commonly used
antihypertensive drugs [10]. They can specifically block the ACE-1 receptor, and independent of the antihypertensive actions, improve
metabolism and protect the heart and kidney.
However, significant individual differences have
been observed in the antihypertensive effects
of ARBs, and have been linked to SNPs in the
genes involved in EH pathogenesis.
EH is a complex disease caused by the interaction of multiple genetic and environmental factors. The increased expression of endothelin
(ET), a potent endogenous vasoconstrictor,
plays an important role in its pathogenesis.
Studies have shown that ET regulates vascular
tone, induces vascular inflammation, and increases mitosis-induced vascular remodeling
[11, 12]. ECE-1 is an important activation protease in the biosynthesis of ET, and increased
expression of ECE-1 can promote the synthesis
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and release of ET. The ECE-1 gene promoter
region contains two functional sites C-338A
and T-839G. Previous studies have shown that
the frequencies of the T-839G locus alleles are
not significantly different between the EH
patients and the healthy population [13].
However, the A allele of the C-338A locus is
closely associated with EH risk, suggesting that
the A allele may upregulate ECE-1 gene expression and thus increase the levels of plasma ET,
enhancing vasoconstriction, inflammatory responses, vascular remodeling which drive EH
pathogenesis [14]. Studies have also shown
that ECE-1 is involved in AngII-induced cardiac
hypertrophy, whereas downregulation of ECE-1
can significantly inhibit AngII-induced cardiac
hypertrophy [15, 16]. Therefore, ECE-1 may participate in the generation of EH through multiple pathways, and may interfere with the antihypertensive effect of the drugs used to treat
this condition. P-gp or MDR-1 C3435T plays an
important role in the absorption and metabolic pathways of antihypertensive drugs [17].
Studies have found no significant differences
in the frequency of the MDR1 C3435T SNP
between EH group and healthy population, suggesting a lack of correlation between MDR1
C3435T and EH occurrence [18]. Therefore, it
was hypothesized that the individual differences in the antihypertensive efficacy of ARB
drugs might be related to P-gp levels, which
influences the drug efficacy by altering its pharmacokinetics [19, 20]. Therefore, analyzing the
correlation between the two SNPs and the antihypertensive effect of irbesartan in EH patients
may provide the basis for the selection of the
optimum antihypertensive regimens.
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The frequencies of the TT, TC and CC genotypes
of MDR1 C3435T SNP were 10.42%, 48.96%
and 40.62% respectively in the 96 EH patients,
and this allelic distribution was consistent with
a previous study [21]. The total antihypertensive effective rate of irbesartan in the cohort
was 43.75% (42/96), and its plasma concentration was significantly higher in the TT compared to the TC and CC MDR1 C3435T genotypes, which is also consistent with previous
studies [22]. These findings suggest that the
presence of the T allele can downregulate
MDR-1 gene expression or reduce the activity
of P-gp, which lowers irbesartan metabolism
and increases its plasma concentration, thereby enhancing the antihypertensive efficacy.
Comparison of post-treatment blood pressure
changes showed the most significant decrease
in the TT genotype, which was consistent with
the high plasma concentrations of irbesartan in
the patients with TT genotype. In addition, the
total antihypertensive effective rate of MDR1
C3435T TT genotype reached 80.00%, which
was significantly higher than that of the TC and
CC genotypes. Taken together, the antihypertensive effect of irbesartan was better in
patients with the TT genotype compared to the
CC and TC genotypes.
The frequencies of the AA, AC and CC genotypes of ECE-1 C-338A SNP were 19.79%,
52.08% and 28.13% respectively among the
EH patients. The most significant decrease in
SBP after irbesartan treatment was seen in the
patients with CC genotype. However, no significant differences were seen in the plasma concentrations of irbesartan between the CC genotype and AA or AC genotype. This indicates that
the effect of ECE-1 on blood pressure was not
related to the plasma concentration of irbesartan, suggesting that the effect of ECE-1 on the
antihypertensive efficacy is likely through regulating ET expression rather than drug metabolism. The total effective rate of irbesartan was
66.67% in the CC genotype, which was significantly higher than that in the AA and AC genotypes. This suggested that the presence of the
A allele increased ECE-1 transcription in individuals with the AA and AC genotypes, leading
to elevated ET levels which affect the antihypertensive effect of the drugs through vasoconstriction, vascular remodeling etc.
One limitation of this study is that it did not
explore the possibility of a correlation between
13711

the antihypertensive effect of irbesartan and
the level of angiotensin II or AngII receptor
SNPs, which will be addressed in the next study.
In conclusion, one SNP each of the MDR1
C3435T and ECE-1 C-338A genes affect the
antihypertensive effect of irbesartan. Nevertheless, analysis of the genotypes of EH patients and identification of the high-risk individuals can provide important information
regarding early prevention, early intervention,
and individualized ARB drugs for the treatment
of EH.
Acknowledgements
This work was supported by the Natural Science
Foundation of Inner Mongolia (2016 MS (LH)
0820); Science and Technology Projects of
Millions of Inner Mongolia Medical University
(YKD2014KJBW006).
Disclosure of conflict of interest
None.
Address correspondence to: Dingcheng Xiang, Department of Geriatrics, Southern Medical University, Guangzhou, Guangdong Province, China; Department of Cardiology, Guangzhou General Hospital of Guangzhou Military Region, No. 111 Liuhua
Road, Yuexiu District, Guangzhou 510010, Guangdong Province, China. Tel: +86-020-88653214;
E-mail: xiangdingcheng869@163.com

References
[1]

[2]

[3]

[4]

Li X, Xie P, He J, Cai H, Yang R, Zhang Q, Li B, Qi
W and Ma H. CYP11B2 gene polymorphism
and essential hypertension among Tibetan,
Dongxiang and Han populations from northwest of China. Clin Exp Hypertens 2016; 38:
375-380.
Tokgoz ST, Yilmaz D, Tokgoz Y, Celik B and Bulut Y. The evaluation of arterial stiffness of essential hypertension and white coat hypertension in children: a case-control study. Cardiol
Young 2017; 28: 403-408.
Kimura DC, Nagaoka MR, Borges DR and
Kouyoumdjian M. Angiotensin II or epinephrine
hemodynamic and metabolic responses in the
liver of L-NAME induced hypertension and
spontaneous hypertensive rats. World J Hepatol 2017; 9: 781-790.
Gui C, Xi YF and Huang K. Utilization of antihypertensive drugs in 119 sample hospitals of
Shanghai during the period of 2010-2012.

Int J Clin Exp Med 2018;11(12):13705-13712

Effect of SNPs of MDR1 and ECE-1 on the antihypertensive effect of irbesartan

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]
[13]

Shanghai Medical and Pharmaceutical Journal
2013; 34: 43-48.
Qin SP. Analysis of the application of antihypertensive drugs in a community health service
center in Guangzhou during the past 20152016 years. Chinese Community Doctors
2017; 33: 17-18.
Ferrario CM, VonCannon J, Jiao Y, Ahmad S,
Bader M, Dell’Italia LJ, Groban L and Varagic J.
Cardiac angiotensin-(1-12) expression and
systemic hypertension in rats expressing the
human angiotensinogen gene. Am J Physiol
Heart Circ Physiol 2016; 310: H995-1002.
China Hypertension Prevention Guidelines Revision Committee. 2010 Chinese guidelines for
the management of hypertension. Chinese
Journal of Cardiology 2011; 3: 701-708.
Meilis N, Harahap Y, Saputri FC, Munim A and
Setiabudy R. Pharmacokinetic interaction between irbesartan and orthosiphon stamineus
extract in rat plasma. Asian Journal of Pharmaceutical Sciences 2016; 11: 70-71.
Wang J, Hua XC and Zhang W. Antihypertensive
effect of comprehensive intervention in elderly
patients with hypertension. Journal of Clinical
Medicine in Practice 2017; 21: 23-26.
Stone C Jr and Brown NJ. Angiotensin-converting enzyme Inhibitor and other drug-associated Angioedema. Immunol Allergy Clin North
Am 2017; 37: 483-495.
Fang Z, Li M, Ma Z and Tu G. Association of
endothelin-1 gene polymorphisms with essential hypertension in a Chinese population. Genet Mol Res 2017; 16.
Chen PG and Sun Z. AAV delivery of endothelin-1 shRNA attenuates cold-induced hypertension. Hum Gene Ther 2017; 28: 190-199.
Shah S, Nelson CP, Gaunt TR, van der Harst P,
Barnes T, Braund PS, Lawlor DA, Casas JP, Padmanabhan S, Drenos F, Kivimaki M, Talmud PJ,
Humphries SE, Whittaker J, Morris RW, Whincup PH, Dominiczak A, Munroe PB, Johnson T,
Goodall AH, Cambien F, Diemert P, Hengstenberg C, Ouwehand WH, Felix JF, Glazer NL, Tomaszewski M, Burton PR, Tobin MD, van Veldhuisen DJ, de Boer RA, Navis G, van Gilst WH,
Mayosi BM, Thompson JR, Kumari M, MacFarlane PW, Day IN, Hingorani AD and Samani NJ.
Four genetic loci influencing electrocardiographic indices of left ventricular hypertrophy.
Circ Cardiovasc Genet 2011; 4: 626-635.

13712

[14] Li Q, Liu X, Zhang XQ, Zhang HY, Wang JL and
He ZY. Association of endothelin converting enzyme-1 polymorphisms with essential hypertension. Progress of Anatomical Sciences
2017; 23: 225-227.
[15] Lin YC, Lin YC, Kuo WW, Shen CY, Cheng YC, Lin
YM, Chang RL, Padma VV, Huang CY, Huang
CY. Platycodin D reverses pathological cardiac
hypertrophy and fibrosis in spontaneously hypertensive rats. Am J Chin Med 2018; 46: 537549.
[16] Dai WJ, Zhang M, Chen JJ, Wang YG, Kong WJ
and Wang Z. Gene expression profiling study of
angiotensin II-induced cardiac hypertrophy in
response to silencing MR-1. Prog Biochem Biophys 2011; 38: 633-641.
[17] Pu QH and Lv QJ. Meta-analysis of the effects
of multi-drug resistance gene MDR1 C3435T
gene polymorphism on thera-peutic efficacy of
proton pump inhibitors-based triple therapy for
helicobacter pylori eradication. China Pharmacy 2017; 28: 4671-4675.
[18] Fan XZ, Guo X, Wang HJ, Cheng ZN. Effects of
MDR1 gene C3435T polymorphism on the
steady-state plasma concentration and hypotensive activity of telmisartan. Chin J Clin
Pharm Therap 2009; 14: 670-676.
[19] Mendell J, Zahir H, Matsushima N, Noveck R,
Lee F, Chen S, Zhang G and Shi M. Drug-drug
interaction studies of cardiovascular drugs involving P-glycoprotein, an efflux transporter, on
the pharmacokinetics of edoxaban, an oral
factor Xa inhibitor. Am J Cardiovasc Drugs
2013; 13: 331-342.
[20] Goessler KF, Polito MD, Mota GF, de Oliveira
EM and Cornelissen VA. Angiotensin converting enzyme 2 polymorphisms and postexercise
hypotension in hypertensive medicated individuals. Clin Physiol Funct Imaging 2016; 38:
206-212.
[21] Lin JS, Xu C, Li YQ and Wang QZ. Effects of
MDRl gene C3435T polymorphism on pharmacokinetics of telmisartan. The Chinese Journal
of Clinical Pharmacology 2013; 29: 609-612.
[22] Fan YW, Yan JF, He ZB, Wu JJ, Sun S, Zhang X,
Pa TM and Yang LJ. Influence of MDRl, CYP3A
genetic polymorphisms on serum digoxin concentration in Uygurs and Hans nationality patients with heart failure. Shandong Medical
Journal 2014; 54: 13-15.

Int J Clin Exp Med 2018;11(12):13705-13712

