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Te interindividual heterogeneity in response to the antihypertensive efect of irbesartan has received considerable attention
because of gene polymorphism. In this study, we investigated the new combinational infuences of AGTR1 and ABCB1 gene
polymorphism on the therapeutic efect of irbesartan among Chinese hypertensive patients. A total of 353 samples including 168
normal people and 185 hypertensive patients were adopted, and genotypes comprise ABCB1 (CC, CT, and TT) and AGTR1 (AA
and AC) in this study. Te results of multiple linear regression models showed that no statistically signifcant diferences were
observed in blood pressure change following irbesartan administration in each genotype from either ABCB1 (CC, CT, and TT) or
AGTR1 (AA and AC). However, spline smoothing analysis demonstrated that the blood pressure therapeutic responses of
irbesartan presented a noticeable diference among diferent ABCB1 genotypes when irbesartan doses reached over 300 ng/mL.
Eventually, we assumed that the diferent drug responses of irbesartan among various AGTR1 genotypes were due to the diversity
of the irbesartan-conjugated protein, which is responsible for crossing-coupled intracellular G-protein-coupled
receptors (GPCRs).

1. Introduction

Essential hypertension (EH, also called primary hyperten-
sion) is defned as a rise in blood pressure (i.e., persistent
systolic/diastolic blood pressure readings are 140/90mmHg
or more) of undetermined cause [1]. Hypertension could
directly or indirectly cause the increased risk of cardiac,
cerebral, and renal damages, thereby eventually being closely
associated with augmented mortality and morbidity from
coronary heart disease, congestive heart failure, end-stage
renal failure, and stroke if it is not adequately controlled [2].
It is estimated that hypertension disturbs roughly more than
one billion people around the world [3]. Terefore, it is very
important that antihypertensive drugs are administered to
lower blood pressure to prevent the complications of hy-
pertension. Due to the diferences in efects of

antihypertensive drugs, some hypertensive patients have to
take more than two drugs for blood pressure control [4]. We
had to admit that there are still some problems in hyper-
tension management and its concomitant risks in particular
patient subgroups in spite of the efectiveness and safety of
antihypertensive drugs [1, 2, 5].

In regard to hypertension treatment, there is not any
therapy of elimination and eradication for hypertension.
Terefore, for the earlier stages of hypertension, doctors
adopt preventive strategies (i.e., controlling obesity, high fat/
sodium dietary intake, smoking and alcohol abuse, and
getting more exercise) to reduce the incidence of hyper-
tension complications (i.e., heart attack, kidney damage, and
stroke); for established hypertension, the combination
strategy of pharmacotherapy and abovementioned lifestyle
modifcation will be emphasized [3]. Irrespective of the
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availability of dozens of antihypertensive drugs at the mo-
ment, the hypertension treatment outcome has been far
from ideal. Terefore, the direction for antihypertensive
therapy in the near future should be put forward to improve
blood pressure control with the available drugs through
adequate drug and dose combinations, as well as discretely
tailored gene polymorphism-directed therapies (e.g., gene
therapy and vaccines) [3, 4].

As one of the frst-line antihypertensive drugs, irbesartan
is orally administered alone or with other antihypertensive
drugs, in a dose of 150–300mg/day, for the treatment of
mild to moderate hypertension in clinics [6, 7]. Te phar-
macodynamics of irbesartan is that it suppresses the bio-
activity of angiotensin II (Ang II) selectively and
noncompetitively binds to AII receptor subtype 1 (AT1),
which is deemed to regulate most of the physiological ac-
tivities of AII [8]. Angiotensin receptor blockers (ARBs)
manifested the efectiveness of lowering blood pressure
compared with other kinds of antihypertensive drugs, such
as ACE inhibitors (ACE-I), β-receptor blockers, calcium
channel blockers (CCBs), and diuretics [9, 10]. Te most
common adverse events of irbesartan administration include
headache, upper respiratory tract infection, muscle pain,
dizziness, and exhaustion [6, 11]. Actually, for the treatment
of hypertensive patients, it is still obscure what is a deter-
minant factor in each individual patient’s response to
irbesartan treatment. Nevertheless, growing evidence sug-
gests that gene polymorphism in drug-targeted receptors or
metabolizers is related to distinct response to antihyper-
tensive drugs like irbesartan [12], which implies that it is
necessary to identify the correlation between gene poly-
morphism in particular patients and irbesartan therapeutic
efects [12–15].

Moreover, the study of breeds using molecular tech-
niques is very important and useful for identifying their
characteristics [16–18]. Te determination of genetic traits
requires the proper performance of conservative superior-
ities that should be based on universal information on
population structures, including genetic diversity and re-
sources between breeds and individuals [19, 20]. Genetic
diversity is an essential element for implementing genetic
improvement, preserving diversity in populations, and
adapting to variable environmental situations [21, 22]. On
the other hand, determination of gene polymorphism is
likewise important [23, 24] since it provides genotypes and
their associations with diferent traits [18, 25, 26]. Of note,
gene polymorphism can have a direct impact on drug in-
teractions and therapies via suppressing or inducing some
key enzyme activities and metabolizers, which probably
infuence the pharmacological efect of irbesartan [27]. In
this study, we focused on the correlations between the
therapeutic efect of irbesartan and the angiotensin II type 1
receptor (AGT1R) or ATP-binding cassette subfamily B
member 1 (ABCB1) [28] gene polymorphism under the
following considerations. First, irbesartan, as an AGT1R-
specifc antagonist, can specifcally block the binding of Ang
II to AGT1R (i.e., the fnal step of the renin-angiotensin
system), thereby exerting its antihypertensive efect [29].
Tere seems to be substantial interindividual variations

towards diferent responses of irbesartan with the same
efective dose as previously reported [12, 30, 31]. As one of
the ATP-binding cassette (ABC) genes, ABCB1 is presented
in all kinds of tissues and cells and responsible for cellular
homeostasis [32]. In particular, it encodes transporter
proteins possessing multiple membrane-spanning domains
for ATP-dependent translocation of substrates across the
cell membrane [33, 34]. Obviously, ABCB1 appears to be
functionally associated with the renin-angiotensin aldoste-
rone system (RAAS), one of the main pathogeneses of
hypertension.

2. Material and Methods

2.1. Patient Population and Selection. Patients with mild-to-
moderate hypertension were enrolled from Te First Afl-
iated Hospital of Jiamusi Medical University, Jiamusi,
China, from June 2015 to July 2016 (Ethics number: IRB-AF/
25–1.0). In total, 194 males and 159 females, which include
168 healthy controls and 185 patients, were recruited to
participate in the study (Table 1). In brief, the inclusion
criteria of healthy controls were as follows: age 18–77 years,
systolic blood pressure (SBP) 90–130mmHg, and diastolic
blood pressure (DBP) 60–79mmHg, while there were not
any abnormal indexes in other routine tests, such as the
blood biochemical test and routine urine test. Meanwhile,
the inclusion criteria of hypertensive patients were as fol-
lows: systolic blood pressure (SBP) 140–179mmHg or di-
astolic blood pressure (DBP) 90–109mmHg, aged 18–77
years old, and without taking any antihypertensive medi-
cations within 4 weeks before the study. Te patients with
any of the following conditions were excluded: secondary
hypertension, pregnancy, hypercalcemia, chronic cardio-
vascular disease, chronic cerebrovascular disease, chronic
liver or renal diseases, or body mass index (BMI) greater
than 33 kg/m2. Each subject underwent a detailed history
and physical examination by an experienced internist. Tis
study was approved by the Ethics Committee of Jiamusi
Medical University. Te purpose and procedures of the
study were carefully explained to all participants, and written
informed consent was obtained from all participants.

2.2. Measurement of Blood Pressure and the Survey of Blood
Pressure-RelatedVariables. SBP and DBP were measured by
well-trained nurses using a mercury-gravity manometer
with appropriately sized cufs after the patients rested in a
seated position for at least half an hour without smoking or
having tea or cofee. A questionnaire survey was conducted
to obtain relevant baseline characteristics, including occu-
pation, education background, alcohol intake/smoking
history, age, gender, weight, height, and other demographic
factors. Additionally, for the patients with diabetes mellitus,
fasting plasma glucose levels at baseline and corresponding
treatment were collected.

2.3. Irbesartan Administration and Blood Sample Collection.
All patients were instructed to take a 150mg tablet of
irbesartan (manufactured by Sanof-Synthelabo, France)
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once daily in the morning, on an empty stomach, for 2, 4,
and 8 consecutive weeks. Irbesartan doses were administered
at our study center for the frst and the 2nd, 4th, and 8th
weeks; i.e., patients were asked to come to the study center
every 7 days for the follow-up medication for next 7 days.
During the follow-up, patients were requested to record the
time they took medication and any side efects in a stan-
dardized diary. Patients were excluded from the study if they
were unable to tolerate drug therapy or took any other
medications during the follow-up. Blood were collected at
the time point from predose on the frst day and the specifc
time point before drug administration. Blood plasma was
obtained from blood samples after centrifuging (5417R
Centrifuge; Eppendorf AG, Hamburg, Germany) at 48°C
and stored in a −80°C freezer before analysis.

2.4. High-Performance Liquid Chromatography (HPLC) De-
termination of Irbesartan in Human Plasma. Plasma irbe-
sartan concentration was determined using HPLC with
fuorescence detection as described in a previous study [35].
To ensure the precision and accuracy in this assay, quality
control samples were prepared to contain fve diferent
irbesartan concentrations within the standard curve range
and were demonstrated with the mean, SD, and coefcients
of variation in the intraday and interday measurements.

2.5. DNA Extraction, Single Nucleotide Polymorphism (SNP)
Selection, and Genotyping. Venous blood samples were
collected from all participants. Genomic DNA was extracted
using the QIAamp Blood Kit (Qiagen, USA) by standard
techniques and stored at −20°C until genotyping. SNP in
AGT1R and ABCB1 genes was genotyped using the TaqMan
allelic discrimination method (Applied Biosystems, Foster
City, California, USA). We selected SNPs with minor allele
frequency (MAF) more than 0.1 in the population of China,
and genotyped SNPs were evenly distributed across the
AGT1R gene with an average distance of 15 kb SNPs.

2.6. StatisticalAnalysis. Te SAS statistical program (Release
8.0; SAS Institute, Cary, North Carolina, USA) was used for
data analysis. Descriptive statistical analyses were presented
as percentages for categorical variables and means (SD) for
continuous variables. Te between-group data were com-
pared using Student’s t-test between two groups or one-way
ANOVA among three groups for continuous variables and
the χ2 test for categorical variables. A LOWESS smoothing
curve was produced to illustrate a correlation between the
BP baseline and the BMI. Blood pressure (BP) response was
defned as the BP before treatment minus BP on 28th day.
Te efect of the SNP on BP response to irbesartan was
estimated by multiple linear regression models with ad-
justment for potential confounding variables. Genotypes,
that is, AGTR1 (AA and AC) and ABCB1 (CC, CT, and TT),
were included in a regression model as 0/1 dummy variables.
We also examined the additive interaction efect between
SNP and plasma irbesartan concentration on BP responses.
A spline smoothing curve of BP therapeutic response in
relation to plasma concentration of irbesartan was estab-
lished through being stratifed by ABCB1 genotypes.

3. Results

3.1.Te Baseline Information of the Samples Employed inTis
Study. For hypertensive patients, no responders were taking
other antihypertensive drugs except for irbesartan during
the study. For demographic information, there is a similar
population of males and females, and they were both sim-
ilarly aged at an average of roughly 48–50 years. Numerous
biochemical and physiological indexes in human peripheral
blood serum and urine were measured in both groups
(Table 1), and the result showed that there were not sta-
tistically signifcant diferences between the control and
hypertension group except for BMI and ALT (Figure 1,
Table 1).

Furthermore, among the objects in this study, we did not
observe any relevance between the BMI of the objects and
SBP (systolic blood pressure) and DBP (diastolic blood
pressure) (Figure 2).

3.2. Similar Distribution of Polymorphism of AGTR1 and
ABCB1 in the Samples Employed in Tis Study. Genotype
frequency distributions were determined among several
groups of people employed in this study and showed that
there were not statistically signifcant diferences in several
subtypes of either AGTR1 or ABCB1 (Table 2).

Similarly, no statistically signifcant diferences in sub-
type distributions in AGTR1 or ABCB1 were witnessed
among age, gender, BMI, and baseline SBP/DBP (Table 3).

3.3. Diversities of Hypertensive Efects among AGTR1 and
ABCB1 Subtypes in Response to Irbesartan. First, we did not
fnd statistically signifcant diferences in the hypertensive
efects of irbesartan of certain concentrations among the
genotypes of either ABCB1 (CC, CT, and TT) or AGTR1
(AA and AC) (Table 4).

Table 1: Te sample demographic information in this study.

Variables Control n� 168 Patient n� 185 t p
Gender 93/75 101/84
Age 48.37± 8.439 49.96± 12.18 1.410 0.1595
BMI 23.83± 1.361 25.82± 2.218 10.060 <0.0001
GLU 5.70± 0.66 5.60± 0.68 1.422 0.156
TC 4.92± 0.975 5.08± 0.996 1.566 0.118
HDL-C 1.55± 0.310 1.540± 0.329 0.311 0.756
LDL-C 2.716± 0.729 2.851± 0.827 1.621 0.106
TG 2.716± 0.729 1.86± 1.132 0.517 0.605
AST 24.26± 8.338 23.70± 8.00 0.642 0.521
ALT 24.25± 10.780 27.71± 11.94 2.848 0.005
BUN 5.150± 1.353 5.510± 1.26 0.589 0.557
CR 63.20± 16.950 63.13± 15.50 0.088 0.93
Note. BMI, body mass index; GLU, glucose; TC, total cholesterol; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein
cholesterol; TG, triglyceride; AST, alanine aminotransferase; ALT, alanine
aminotransferase; BUN, blood urea nitrogen; CR, creatinine.
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However, the hypertensive efects of higher concentra-
tions of irbesartan became statistically diferent in the di-
verse genotypes of ABCB1 (i.e., ABCB1 CC and ABCB1
CT+TT), which could be observed on the spline smooth
plots of blood pressure responses to irbesartan (Figure 3).

In order to investigate the underlying mechanism of the
aforementioned blood pressure responses to irbesartan, we
converted the measurement data into categorical variables
and then compared them with the analysis of variance. Te
result showed that there were statistically signifcant dif-
ferences in the genotypes of AGTR1 despite not showing any
signifcant diferences in the ABCB1 genotype. Interestingly,
we found that the maximum component in the binding site
of irbesartan and GPCRs was the family A subtype
G-protein-coupled receptor (Figure 4).

Te pie chart shows the proportion of binding proteins
of irbesartan, predicted by SwissTargetPrediction (http://
www.swisstargetprediction.ch/).

4. Discussion

Firstly, we could eliminate the possibility that the blood
pressure lowing efects of irbesartan are not derived from the
patients’ demographic characteristics, such as gene genotype
distribution, and the baselines of SBP/DBP and BMI-SBP. It
is because we found statistically signifcant diferences in
BMI and ALT between control and patients (Table 1, Fig-
ure 1) in the data of demographic characteristics, and there
were no other statistically signifcant diferences in the as-
sessments of the aforementioned items (Figure 2, Tables 2

A
ge

 (y
ea

rs
)

0

20

40

60

80

100 ns

Co
nt

ro
l

H
P

(a)

15

20

25

30

35

BM
I (

Kg
/m

)

***

Co
nt

ro
l

H
P

(b)

G
lu

 (m
m

ol
/L

)

0

2

4

6

8

10 ns

Co
nt

ro
l

H
P

(c)

0

2

4

6

8

TG
 (m

m
ol

/L
)

ns

Co
nt

ro
l

H
P

(d)

A
ST

 (m
m

ol
/L

)

40

0

20

60 ns

Co
nt

ro
l

H
P

(e)

0

100

80

60

40

20A
LT

 (m
m

ol
/L

)

***

Co
nt

ro
l

H
P

(f )

0

2

4

6

8

10

TC
 (m

m
ol

/L
)

ns

Co
nt

ro
l

H
P

(g)

H
D

L-
C 

(m
m

ol
/L

)
4

3

2

1

0

ns

Co
nt

ro
l

H
P

(h)

6

4

2

0

LD
L-

C 
(m

m
ol

/L
)

ns

Co
nt

ro
l

H
P

(i)

15

10

5

0

BU
N

 (m
m

ol
/L

)

ns

Co
nt

ro
l

H
P

(j)

CR
 (m

m
ol

/L
)

150

100

50

0

ns

Co
nt

ro
l

H
P

(k)

Figure 1: Te relevant assessment for various factors that might be associated with the therapeutic efect of irbesartan on controlling blood
pressure. (a)–(k) Te comparisons of demographic characteristics including age (a), BMI (body mass index) (b), GLU (glucose) (c), TG
(triglyceride) (d), AST (aspartate transaminase) (e), ALT (alanine transaminase) (f ), TC (total cholesterol) (g), HDL-C (high-density
lipoprotein cholesterol) (h), LDL-C (low-density lipoprotein cholesterol) (i), BUN (blood urea nitrogen) (j), and CR (creatinine) (k)
between control and hypertensive patients (HPs).
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Figure 2: Assessing SBP/DBP baseline in the context of diferent BMIs. (a, b)Te values of SBP (a) and DBP (b), respectively, in the context
of diferent BMIs.
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and 3). Unexpectedly, no statistically signifcant diferences
were observed in blood pressure change following irbesartan
administration in each genotype from either ABCB1 (CC,
CT, and TT) or AGTR1 (AA and AC) (Table 4), which seems
contradictory with the previous study in the AGTR1 ge-
notype reported by Jiang el at. [12]. However, when spline
smoothing (i.e., a potent approach for evaluating functional
relationships between the predictor and response) was
employed to analyze the blood pressure therapeutic re-
sponses of irbesartan, we found a signifcant diference
which was worth mentioning; that is, the signifcant hy-
pertensive efect occurred among diferent ABCB1 geno-
types when irbesartan doses reached over 300 ng/mL
(Figure 3). When we converted the measurement data of
SBP and DBP in response to irbesartan administration into
categorical variables, the result from the chi-square analysis
demonstrated a signifcant diference in therapeutic efect of
irbesartan between AGTR1 genotypes despite the fact that
no signifcant diference was discovered when their data
were analyzed as measurement data format previously
(Table 5).

Drug response is dependent on the combined efect of a
variety of factors, such as patients’ age, body state, con-
comitant therapy, and drug interactions. Among numerous
factors, the sequence variants in patients’ genes encoding
drug-metabolizing enzymes or drug-targets are obviously
not to be snifed at and of great value to clinical medication.
Tis is because the observed therapeutic efect is actually a
mirror of biochemical and physiological adaptations be-
tween the drug and its target. Compared to other infuencing
factors, the genetic factor of drug response is generally stable
throughout patients’ lifetime [36]. So, in this study, why did
a variety of irbesartan hypertensive efects occur in high-

dose administration among diferent ABCB1 genotypes? To
address this issue, we converted the measurement data of
SBP and DBP in response to irbesartan administration into
categorical variables and then carried out the chi-square
analysis. After a series of the abovementioned processes, we
were surprised to fnd that there was a signifcant diference
in therapeutic efect of irbesartan between AGTR1 geno-
types despite the fact that no signifcant diference was
discovered when their data were analyzed as measurement
data format previously (Table 5).

Tis further facilitates the mechanism investigation of
aforementioned phenotype. During the pursuit process, we
pleasantly found that the largest component in the binding
site of irbesartan and GPCRs was the family A subtype
G-protein-coupled receptor (Figure 4). As we know, GPCRs
acts as the majority of membrane receptors, which can ef-
fciently and selectively transmit chemical signals of ligand-
receptor interactions to intracellular response elements [37],

Table 2: Te genotype frequency distribution in patient, control, and published article groups showed no signifcant diference.

n Genotype frequency (%) Allele frequency
(%) χ 2 p

AGTR1
rs5186 AA AC A C
Patient 185 165 (89.2) 20 (10.8) 94.6 5.4
Control 168 152 (90.5) 16 (9.5) 95.2 4.8 0.622 0.733
ABCB1
rs1045642 CC CT TT C T
Patient 185 58 (31.5) 87 (48.0) 40 (20.5) 54.9 45.1
Control 168 54 (32.0) 85 (50.3) 30 (17.8) 56.8 43.2 1.797 0.407

Table 3: Each genotype patient’s basic information illustrated no signifcant diference.

Age Gender BMI Baseline SBP Baseline DBP
AGTR1
AA 49.74± 12.15 86/79 25.57± 2.920 158.4± 10.05 98.92± 5.488
AC 45.22± 13.77 9/11 26.06± 1.267 160.9± 10.67 98.41± 6.164
P 0.1484 0.362 0.1361 0.1009 0.5518
ABCB1
CC 48.86± 12.09 28/29 25.74± 1.295 159.6± 9.580 99.44± 5.151
CT 51.15± 12.02 46/43 26.11± 1.439 160.0± 10.82 98.58± 5.948
TT 48.85± 12.71 22/18 25.81± 1.215 158.7± 10.68 97.80± 6.354
P 0.4436 0.325 0.2259 0.8187 0.3859

Table 4: Each genotype patient’s blood pressure change.

Genotype n ΔSBP ΔDBP ΔPP
ABCB1
CC 57 16.35± 3.647 9.509± 3.323 6.842± 2.328
CT 89 16.31± 4.111 9.101± 2.680 7.213± 3.498
TT 39 15.95± 3.324 9.436± 2.712 6.513± 3.136
F 0.1541 0.3999 0.7416
P 0.8573 0.671 0.4778
AGTR1
AA 165 16.25± 3.717 9.273± 2.914 6.982± 3.159
AC 20 16.20± 4.538 9.500± 2.743 6.700± 2.618
F 1.025 1.265 1.457
P 0.6966 0.6032 0.7021
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Table 5: Efects of irbesartan in diferent genotype patients.

Genotype n Highly
efective Efective Inefective Total

efective
Total efective ratio

(%) χ2

ABCB1

CC 57 14 26 17 40 70.18 χ 2 � 3.137, contingency coefcient� 0.129
p� 0.535

CT 89 19 38 32 57 64.04
TT 39 10 21 8 31 79.49
AGTR1
AA 165 39 73 53 112 67.87 χ 2 � 8.638, contingency coefcient� 0.211

p� 0.013AC 20 4 12 4 16 80.00
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such as a hypertensive efect of antihypertensive drug is
achieved through targeting on various loci in the renin-
angiotensin system (RAS) [38]. Tus, we can reasonably
assume that diferent drug responses of irbesartan among
various AGTR1 genotypes were due to the diversity of the
irbesartan-conjugated protein, which is responsible for
crossing-coupled intracellular GPCRs.

Te limitation of this prospective study mainly included
the following two parts. First, the enrollment numbers of
both hypertension patients and healthy controls were re-
stricted because of objective condition. Second, we only
chose to study the most important SNPs among AGT1R/
ABCB1 genes rather than completely investigate many other
SNPs, which might function in the anti-hypertension efect
of irbesartan as well.

To sum up, our data demonstrated a signifcant inter-
action between plasma irbesartan concentration and
AGTR1/ABCB1 in SBP/DBP responses, although their
manifestations were diferent. Tis is to say that various
hypotensive efects occur in the patients with diferent
subtypes of AGTR1. Meanwhile, the patients with diverse
subtypes of ABCB1 do not show signifcant diference in
response to same plasma concentration of irbesartan.
However, in the context of adjusting serum irbesartan
concentration, we found that the patients with diferent
ABCB1 subtypes illustrated a diferent trend of anti-
hypertension, suggesting a role for AGTR1/ABCB1 gene
variants in modulating individual responses to irbesartan
antihypertensive therapy. Tere is no doubt that more
precise and larger cohort studies are required to confrm our
fndings.
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