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Background: CYP2C19 and CYP3A are the main enzymes involved in omeprazole meta-
bolism, while CYP3A is the principal enzyme family for amlodipine biotransformation.
Concomitant use of these drugs in patients with hypertension and acid-related disorders
(ARD) might lead to drug—drug interaction.

Purpose: The aim of the study was to find if adding omeprazole for treating ARD to amlodipine
long-term therapy of hypertension influenced blood pressure of CYP2C19 polymorphism carriers.
Patients and methods: Fifty-one patients diagnosed with hypertension and ARD were
enrolled in the study. Evaluation of antihypertensive therapy was performed by office (OBPM)
and ambulatory (ABPM) blood pressure monitoring. Peripheral venous blood was collected for
DNA extraction and real-time polymerase chain reaction was performed for CYP2C19%266814
(rs4244285), CYP2C19%39%4 (154986893) and CYP2C19* 178%™ (1512248560) polymorph-
isms analysis.

Results: Of 51 patients there were 21 extensive metabolizers (EMs), 18 ultrarapid metabo-
lizers (UMs) and 12 intermediate metabolizers (IMs). The results of OBPM showed that
antihypertensive effect was significantly more pronounced in IMs compared to EMs or UMs
and the average group value in the following parameters: average office systolic blood
pressure (BP), dynamics of the average office systolic BP. According to dynamics of
diastolic BP, the antihypertensive effect was also significantly higher in IMs than in UMs
and the average group value. The results of ABPM revealed that there was a significantly
more pronounced antihypertensive effect in IMs compared to all other analyzed groups
according to the dynamics of both daytime systolic and 24 hr diastolic BP. The average
daytime diastolic BP and its dynamics, the average 24 hr systolic BP and its dynamics were
higher in IMs compared to EMs and UMs.

Conclusion: Adding omeprazole to long-term amlodipine therapy in patients with hyperten-
sion and ARD may lead to a significantly more pronounced antihypertensive effect in
patients genotyped CYP2C19 IMs.

Keywords: CYP2C19, CYP3A, pharmacogenetics, proton pump inhibitor

Introduction
Amlodipine is a dihydropyridine calcium-channel blocker. It blocks the inward move-
ment of calcium by binding to L-type calcium channels in the heart and arteriolar

vasculature. This causes vascular smooth muscle to relax, dilating mainly arterioles.'
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Amlodipine is largely metabolized in the liver via the
Cytochrome P450 3A4/5.% CYP3A4 is the main contri-
butor to amlodipine dehydrogenation. Plasma concentra-
tion of this drug depends on metabolic rate which in turn
depends on the activity of cytochrome isoenzymes meta-
bolizing the drug. Therefore, changes in CYP3A4 and
CYP3AS5 activity may lead to changes in the effectiveness
and tolerability of amlodipine.*

Omeprazole is a prodrug which requires activation
in the acidic environment of the parietal cells canali-
culus, where it is converted to its active form inhibiting
the enzyme H'/K'-ATPase (proton pump) irreversibly.
The proton pump controls the last step in acid secre-
tion, and by targeting this step, omeprazole and the
other PPIs are able to potently inhibit gastric acid
secretion.’

Omeprazole is metabolized and inactivated in the
liver by the cytochrome P450 system. CYP2C19 is the
principal isoenzyme involved, although CYP3A4 may
also contribute.® Omeprazole is metabolized to hydroxy-
sulfone and desmethyl metabolites, which have no effect
on gastric acid secretion. Omeprazole is both a substrate
and an inhibitor of the above isoenzymes; therefore, its
interaction with other substrates of them is possible.”* In
CYP2C19 poor and
CYP3A bypass for omeprazole activates.” Omeprazole
was found to reversibly inhibit both CYP2C19 and
CYP3A4 in vitro.'”"" It was also found that in white
omeprazole reduced the urinary excretion of dapsone’s
metabolite mediated by CYP3A and possibly CYP2E1."?
The other study aimed to evaluate the contribution of
omeprazole metabolites to in vivo CYP2C19 and
CYP3A4 inhibition. They found that omeprazole meta-
bolite 5'-O-desmethylomeprazole may be responsible for
the majority of hepatic CYP3A4 inhibition."

Since both amlodipine and omeprazole metabolisms
are mediated by CYP3A, especially in CYP2C19 poor
(PMs) and intermediate (IMs) metabolizers for omepra-

intermediate metabolizers the

zole, we could predict the presence of drug—drug interac-
tions in co-administration of these drugs. As PMs are rare
among Caucasians, the group of IMs may represent data of
patients with CYP2C19 reduced activity and low biotrans-
formation of omeprazole.'?

The aim of the study was to find if adding omeprazole
for treating ARD to amlodipine long-term therapy of
hypertension influenced blood pressure of CYP2C19 poly-

morphism carriers.

Materials And Methods
Study Design And Patients

A total of 51 patients (17 men, 34 women; mean age 66.6
+9.8 years, age range 3788 years) diagnosed with hyperten-
sion and acid-related disorders (ARD) were enrolled in the
study in the period from January to December 2017. The
inclusion criteria were: long-term 10 mg of amlodipine
intake for treating hypertension together with the indications
for 20 mg omeprazole assignment for treating ARD for a
least 2 weeks. The exclusion criteria were: age under 18
years, severe hypertension (a systolic blood pressure of
>180 mm Hg or a diastolic blood pressure of >110 mm
Hg), a history of acute cerebrovascular accident or transient
ischemic attack; severe heart rhythm and conduction disor-
ders; chronic heart failure; chronic liver, kidney or adrenal
gland diseases; a need for drug therapy for comorbidities;
acute peptic ulcer (since standard therapy includes antibac-
terial drugs metabolized by cytochrome 3A4, which may
affect the results of the study). The patients enrolled received
only amlodipine and omeprazole with no other drugs during
the period of study. The patients were already treated with 10
mg of amlodipine and were newly assigned for 20 mg of
omeprazole. Blood pressure data were collected in patients
already taking amlodipine therapy (baseline) and after 2
weeks of combined therapy of 10 mg of amlodipine and 20
mg omeprazole (endpoint).

All patients underwent physical examination, standard
laboratory and instrumental examination including 12-lead
ECG and 24-h ambulatory blood pressure monitoring
(ABPM).

The study was conducted in accordance with the
Declaration of Helsinki and was approved by the local
Ethics Moscow State Medical
University (Sechenov University). Written informed consent

Committee of First

was obtained from all participants before entering the study.

Methods For Evaluating The
Antihypertensive Efficacy Of Amlodipine

Evaluation of antihypertensive therapy was performed by
two methods: office (OBPM) and ambulatory blood pres-
sure monitoring (ABPM). OBPM was performed at each
visit, ABPM twice: before and 2 weeks after the beginning
of combination therapy of amlodipine and omeprazole.

OBPM was performed at each site in a sitting position
15 mins after the rest by the auscultatory method using a
double measurement of BP with an interval of 3 mins with
the average value calculation.

submit your manuscript

330

Dove

Pharmacogenomics and Personalized Medicine 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Dorofeeva et al

ABPM was carried out using the software-hardware com-
plex “BPLab” within 24 hrs. The complex provides measure-
ment of BP by oscillometric and auscultatory methods.
Measurement of BP was recorded from 8:00 to 23:00 hrs
(daytime) and from 23:00 to 8:00 hrs (nighttime). The inter-
vals between measurements were 15 mins during the day and
30 mins during the night. All patients kept a diary of self-
observation and recorded their physical activity.

The ABPM data were analyzed in case of 85% or more
successful measurements per day. The average systolic and
diastolic BP were estimated per 24 hrs, daytime and nighttime.

The following indicators were considered normal:

e average 24 hrs BP <130/80 mmHg, average daytime BP
<135/85 mmHg, average nighttime BP <120/70 mmHg;

e variability in daytime average systolic and diastolic BP
<15.5 mmHg and <13.3 mmHg, respectively; nighttime
average systolic and diastolic BP <14.8 mmHg and
<11.3 mm Hg, respectively;

e the degree of nocturnal BP dipping — 10-22%;

e the rate of morning increase in BP — less than
10 mmHg/hour.

The risk of amlodipine adverse drug reactions (ADR) was
assessed by the results of tolerability in accordance with
the following criteria:

e excellent — absence of ADR;

e satisfactory — ADR which required a dose adjustment
of the drug;

¢ unsatisfactory — ADR which led to the discontinua-
tion of the drug.

The electrical activity of the heart was recorded using a
certified Heart Mirror
Hungary) in 12-lead ECG at a speed of 25 mm/s and a

electrocardiograph  (Innomed,

gain setting of 1 mV/cm. Heart rate was estimated by
calculating RR interval in the second standard lead.

Genotyping

Peripheral venous blood (9 mL) of patients was collected in
K3-EDTA (ethylenediaminetetraacetic acid) vacuum tubes
for DNA extraction from whole blood samples. The DNA
extraction process was carried out using the standard phenol
method with protein kinase K using DNA-EXTRAN-1
equipment (Syntol, Russia). Genotyping was performed by
PCR-RFLP (polymerase chain reaction and restriction frag-
ment length polymorphism) method. The carriage of

CYP2C19 polymorphic gene markers was determined by
real-time polymerase chain reaction (Real-Time PCR) using
the SNP-Screen reagent kits (Syntol, Russia) on the Real-
Time CFX96 Touch amplifier (Bio-Rad Laboratories,
Inc., USA).

Primer sequence synthesized by Syntol (Russia) was
Select

selected wusing the Primer

DNASTAR Inc:

program 4.05,

o 134244285 (G681A, *2): direct 5'-AGAAGAATTGT
TGTAAAAAGTAAG3,
o reverse 5'-ATAAAGTCCCGAGGGTTGTTGAT
G-3'.
e 154986893 (G636A, *3): direct 5'-GATCAGCAATT
TCTTAACTTGATG-3',
o reverse 5'-GACTGTAAGTGGTTTCTCAGGA-3’
e 1512248560 (C806T, *17): direct 5'-AAATTTGTGT
CTTCTGTTCTCAAA-3'

o reverse 5'-TAGCTGGCAGAACTGGGATT-3'

For genotyping, equipment was used:

real-time PCR instrument

® microcentrifuge

1.5 mL tubes

10 and 100 pL micropipettes
0.2 uL PCR tubes

For PCR amplification reagents (2.5 x Reaction mixture,
2.5 x Diluent and Tag-polymerase) were mixed with the
calculation based on the number of samples tested plus
4 (one negative and three positive control samples).

e filter pipette tips

Sample preparation:

1. Component thawing, mixing and centrifuging.

2. Preparing a mixture of components by adding them
in the order indicated in the table, mixing and
centrifuging.

3. Labeling PCR tubes.

4. Adding 20 pl of the mixture to the PCR tubes.

5. Adding 5 pl of control and test samples to each PCR
tube according to the labeling.

6. Short centrifugation.

7. Placing tubes into the device in accordance with the
study protocol.
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Amplification program for all polymorphisms:

0 C - 3:00 min

0 C - 0:15 min

0 C - 0:40 min

Plate reading.
Repeating for 40 cycles.

A e

Finishing.

«SNP-screeny» kit (Synthol, Russia) was used to determine
single nucleotide polymorphisms (SNPs) rs4244285
(G681A, *2), 154986893 (G636A, *3), rs12248560 (C806T,
*17) of the CYP2C19 gene. In every «SNP-screen» kit, two
allele-specific hybridizations were used, which allowed the
determination of two alleles of the studied polymorphism
separately on two fluorescence channels.

According to the results of genotyping, the following
genotypes of SNPs rs4244285 (G681A, *2), rs4986893
(G636A, *3), 112248560 (C806T, *17) of the CYP2C19
gene were obtained, which showed that three genotypes
may be distinguished:

1. Reference homozygote with G/G (*1/*1) or C/C
genotype;

2. Heterozygote with G/A (*1/*2 nmm *1/*3) or T/C
(*2/*17 uwmm *3/*17) genotype;

3. Variant homozygote with A/A (*2/*2 umm *3/*3) or
T/T genotype.

Assay
To determine the level of endogenous compounds a por-
tion of the morning urine was used since the concentration
of cortisol reaches its maximum value in the morning. A
solvent extraction method was used for isolating steroids.
To analyze the effect of pharmacotherapy on the activ-
ity of CYP3A4, the urine of the patients was taken twice:
before entering the study and after two weeks of treatment.
2 mL of urine was extracted with 4 mL of ethyl
acetate/isopranolol (85:15). After orbital mixing for 10
min and centrifuging at 3000 x g for 5 min, the upper
organic layer was separated. The layers were combined
and evaporated in a vacuum evaporator.

Phenotyping

Cortisol and 6f-hydroxycortisol concentrations in urine
were measured using Agilent G1978B Multimode Source
for 6410 Triple Quade LC/MS (Agilent Technologies, Inc.,
USA) high-performance liquid chromatography with mass

spectrometry. The isolation of the drug and its metabolite
was performed on Waters Symmetry C18 Column
(150 mmx4.6 mm; 5.0 pum). The column temperature
was maintained at 35°C. UV-detector wavelength was set
at 246 nm. The mobile phase contained 55% water formic
acid solution (1 L of water:1 mL of formic acid) and 45%
acetonitrile. The flow rate was 0.5 mL/min. Volumes of 10
pL were injected. The mass spectrometer was operated
using the following conditions: positive polarity, MM-ES
+APCI ionization.

The results were evaluated by the 6-p-hydroxycortisol/
cortisol ratio (6 beta-OHC/C). The higher the urine meta-
bolic ratio 6B-hydroxycortisol/cortisol, the higher the
activity of CYP3A.

Statistical Analysis

The statistical analysis was performed using SPSS
Statistics 22. The p-values <0.05 were considered statisti-
cally significant. To evaluate the deviation of genotype
frequencies in the studied population from Hardy—
Weinberg equilibrium, Fisher’s exact test was used. To
evaluate continuous variables, the number of cases, the
mean (M), the standard deviation (m), the minimum, the
maximum, the median (Me) and quartiles were indicated.
To compare two quantitative variables, the Student’s 7-test
and the Mann—Whitney test (U-test) were used. To com-
pare three or more groups of quantitative data Kruskal-
Wallis H-test has been used. To identify the relationship
between the quantitative indicators in the groups, the non-
parametric Spearman’s method was used.

Results
CYP2CI19 Genotyping Results

Of the 51 patients, there were 21 (41.2%) extensive metabo-
lizers (EMs; CYP2C19 *1/*1), 18 (35.3%) ultrarapid meta-
bolizers (UMs; CYP2CI19 *1/¥17, CYP2CI19 *17/*17) and
12 (23.5%) intermediate metabolizers (IMs; CYP2C19 *1/
*2, CYP2C19 *2/*17, CYP2C19 *1/¥3) (Table 1).

Patients were defined as EMs, UMs and IMs according
to the guidelines of the Dutch Pharmacogenetics Working
Group the Royal Dutch Pharmacists Association.'*

The observed genotype frequencies were in Hardy—
Weinberg equilibrium, p>0.05 (CYP2C19*2: 42 = 0.74,
p = 0.69; CYP2C19*17: 2 = 0.02, p = 0.99).

The allele frequencies were as follows: CYP2C19*2 —
10.8%, CYP2C19*17 — 23.5%, CYP2C19*3 - 0.98%
(Figure 1).
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Table | CYP2CI9 Genetic Polymorphisms
Patients With Hypertension And ARD

Frequency In

Predicted CYP2ClI19 Patients Frequency

CYP2CI19 Genotype (n) (%)

Phenotype

EMs CYP2CI9 *1/*1 21 41.2

UMs CYP2CI9 *1/*17 15 29.4
CYP2CI19 *17/¥17 | 3 5.9

IMs CYP2CI9 *1/*¥2 8 15.7
CYP2CI19 *2/¥17 3 5.9
CYP2CI9 *1/*3 | 1.9

Total 51 100

Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs,
intermediate metabolizers.

CYP3A Activity

Evaluation Of CYP3A4 Activity In Patients With
Hypertension And ARD Receiving The Omeprazole
And Amlodipine Combination

The effect of combined omeprazole and amlodipine phar-
macotherapy in patients with grade 1-2 hypertension and
ARD on CYP3A4 activity was evaluated using a non-
invasive method by estimation of the 6B-hydroxycortisol/
cortisol ratio (6 beta-OHC/C) in the urine.

Before the treatment, the mean 63-hydroxycortisol/corti-
sol ratio in the average group of patients with hypertension
and ARD was 1.09 [0.79; 1.30], which was comparable to the
6B-hydroxycortisol/cortisol ratio in EMs (1.08 [1.02; 1.23]),
IMs (1.11 [0.96; 1.35]) and UMs (1.09 [0.86; 1.31])
(Table 2).

After 2 weeks of the treatment, the mean 6f3-hydroxy-
cortisol/cortisol ratio in the average group of patients was
0.92 [0.69; 1.09]. A statistically significant decrease in the
6B-hydroxycortisol/cortisol ratio was observed in IMs
from 1.11 [0.96; 1.35] to 0.81 [0.69; 0.93] (p=0.03),
while in EMs and UMs a slight decrease in the 6f-

=EMs
IMs

\ : l = UMs
I

Figure | Predicted CYP2CI9 phenotype of patients with hypertension and ARD.
Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs,
intermediate metabolizers.

hydroxycortisol/cortisol ratio was observed (0.97 [0.70;
1.28] and 0.98 [0.60; 1.14], respectively), which was not
statistically significant.

During the observation period, the metabolic ratio
dynamics among all the examined patients was 0.17
[0.13; 0.24]; in EMs — 0.11 [0.09; 0.15]; in UMs — 0.11
[0.06; 0.15]. The maximum 6B-hydroxycortisol/cortisol
ratio dynamics was found in IMs (0.30 [0.26; 0.35]).
of the 6f-hydroxycortisol/cortisol
dynamics in A% showed that maximum decrease was
found in IMs (27.10 [24.26; 29.34]), which exceeded the
decrease among all the examined patients (15.60 [12.49;
18.17], p=0.04), as well as in EMs (10.20 [6.00; 14.65],
p=0.04) and UMs (10.09 [8.62; 13.85], p=0.03).

Analysis ratio

6-B-Hydroxycortisol/Cortisol Ratio (6 Beta-OHC/C)
In Patients With CYP2CI9 Genotypes During
Omeprazole And Amlodipine Co-Administration
Analysis of the omeprazole and amlodipine co-administra-
tion effect on CYP3A4 activity in patients with grade I-11
hypertension and different CYP2C19 metabolic status
showed that CYP3A4 activity decreased in all the ana-
lyzed groups.

A higher decrease in the 6B3-hydroxycortisol/cortisol ratio
was found in IMs compared to EMs and UMs and the mean
value among all the examined patients (Figure 2).

Antihypertensive Effect Of Amlodipine In
Patients With CYP2C19 Polymorphisms
Taking Omeprazole

OBPM results in patients with different metabolic status
taking the combination of amlodipine and omeprazole
showed that the dynamics (delta of baseline and endpoint
of BP) of the average SBP was 14.90 [13.54; 15.73]
mmHg for all the examined patients (Table 3).

IMs showed maximum dynamics (19.90 [18.15; 20.80]
mmHg), which was significantly higher than dynamics in the
group of UMs (12.50 [9.99; 14.29] mmHg, p = 0.03), EMs
(13.20 [12.39; 14.81] mmHg, p = 0.04) and among all the
examined patients (14.90 [13.54; 15.73] mmHg, p = 0.04).

The dynamics of the average DBP was 6.44 [5.57;
7.24] mmHg for all the examined patients. The dynamics
of the average DBP in IMs was 8.30 [6.50; 9.33] mmHg,
which was almost comparable to the one in EMs (8.11
[7.41; 9.55] mmHg, p = 0.06), and was significantly higher
than the average DBP in UMs (3.93 [2.27; 4.69] mmHg, p
= 0.04) and among all the patients (6.44 [5.57; 7.24]
mmHg, p = 0.04) (Figure 3).
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Table 2 CYP3A4 Activity In Patients With Hypertension And ARD

6 Beta-OHC/C | Mean | EMs 2 IMs 3 UMs 4 p-value (Mann-Whitney Test)

3vsl 3vs2 3vs4
Baseline 1.09 [0.79; 1.30] 1.08 [1.02; 1.23] 1.11 [0.96; 1.35] 1.09 [0.86; 1.31] 0.07 0.07 0.07
Endpoint 0.92 [0.69; 1.09] 0.97 [0.70; 1.28] 0.81 [0.69; 0.93] 0.98 [0.60; 1.14] 0.07 0.08 0.08
Dynamics, A 0.17 [0.13; 0.24] 0.11 [0.09; 0.15] 0.30 [0.26; 0.35] 0.11 [0.06; 0.15] 0.05 0.04 0.04
Dynamics, A% 15.60 [12.49; 18.17] | 10.20 [6.00; 14.65] | 27.10 [24.26; 29.34] | 10.09 [8.62; 13.85] | 0.04 0.04 0.03
p-value 0.05 0.05 0.03 0.05

Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs, intermediate metabolizers; 6 beta-OHC/C, 6-B-hydroxycortisol/cortisol.

The analysis of office heart rate measurement results
did not demonstrate significant changes during the therapy.

The analysis of the OBPM results revealed that IMs
showed a significantly more pronounced antihypertensive
effect compared to the one in EMs, UMs and the average
value for all the patients on the following parameters: the
average SBP (p = 0.04), the dynamics of the average SBP (p
=0.04; p = 0.03, p = 0.04, respectively). IMs also showed a
significantly more pronounced antihypertensive effect on
DBP compared to the one in UMs and the average value
for all the patients (p = 0.03, p = 0.04, respectively).

ABPM results in patients taking a combination of amlodi-
pine and omeprazole with different metabolic status showed
that dynamics of the average 24 hr SBP in IMs was 14.70
[12.29; 15.84] mmHg, which was comparable to the dynamics
in EMs (11.40 [10.97; 13.58] mmHg, p = 0.05) and exceeded
the dynamics in UMs (9.20 [6.60; 9.46] mmHg, p = 0.05) and

35

30

in the average group of patients (11.80 [9.61; 14.64] mmHg,
p = 0.05) (Table 4).

The results of ABPM showed that dynamics of the
average 24 hr DBP in IMs was 11.72 [11.39; 12.88]
mmHg, which exceeded the dynamics in EMs (5.80
[3.01; 8.29] mmHg, p=0.03), UMs (5.90 [4.99; 7.42]
mmHg, p=0.03) and in the average group of patients
(8.30 [6.43; 10.28] mmHg, p=0.04).

The dynamics of average daytime SBP in IMs was
higher compared to other parameters (15.30 [14.26; 18.32]
mmHg) and significantly exceeded one in EMs (8.20 [7.80;
9.82] mmHg, p = 0.04), in UMs (8.60 [7.64; 9.62] mmHg,
p = 0.04) and in the average group of patients examined
(10.70 [9.69; 11.92] mm Hg, p = 0.04).

The dynamics of the average nighttime SBP in IMs
(9.9 [8.26; 11.34] mmHg) also significantly exceeded the
dynamics in EMs (6.84 [5.19; 7.32] mmHg, p = 0.04), in

271

p=0.03

25

20 15.6

15 p=0.05

10

[@)]

Group average IMs

10.09
p=0.05

EMs UMs

Figure 2 6p-hydroxycortisol/cortisol ratio decrease after two weeks of omeprazole + amlodipine treatment (dynamics, A%).
Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs, intermediate metabolizers.
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Table 3 The Dynamics Of OBPM Results In Patients Taking A Com

bination Of Amlodipine And Omeprazole

Group Average | EMs 2 IMs 3 UMs 4 p-value
3vs | 3vs2 3vs4
Office SBP, mm Hg Baseline 137.84 136.90 137.65 138.92
Endpoint 122.50 123.60 116.40 126.40 0.04 0.04 0.04
Dynamics, A 14.90 13.20 19.90 12.50 0.04 0.04 0.03
Dynamics, A% 11.13 9.65 14.70 8.92 0.04 0.04 0.03
p-value inside the group 0.04 0.04 0.04 0.04
Office DBP, mm Hg Baseline 87.52 89.51 87.83 85.22
Endpoint 81.06 81.40 79.50 81.30 0.06 0.06 0.06
Dynamics, A 6.44 8.1l 8.30 3.93 0.04 0.06 0.03
Dynamics, A% 736 9.05 9.48 4.57 0.04 0.06 0.03
p-value inside the group 0.04 0.04 0.03 0.04
Heart rate, beats per minute Baseline 77.90 77.88 78.60 77.50
Endpoint 72.23 72.64 71.80 7230 0.07 0.07 0.07
Dynamics, A 72.23 72.64 71.80 72.30 0.06 0.06 0.06
Dynamics, A% 7.40 6.60 8.65 6.70 0.06 0.06 0.06
p-value inside the group 0.04 0.04 0.03 0.04

Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs, intermediate metabolizers; SBP, systolic blood pressure; DBP, diastolic blood pressure.

UMs (3.1 [2.30; 4.48] mmHg, p = 0.04) and in the average
group of patients (6.61 [4.96; 7.98] mmHg, p = 0.04).

The dynamics of the average daytime DBP in IMs
(13.80 [12.39; 15.08] mmHg) significantly exceeded the
dynamics in EMs (8.94 [8.27; 10.22] mmHg, p = 0.04) and
UMs (8.40 [7.41; 9.54] mmHg, p = 0.04).

25
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° 14.9
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0
Group average IMs

m Average office SBP dynamics

Figure 3 OBPM decrease in patients after two weeks of omeprazole + amlodipine tre

The dynamics of the average nighttime DBP in IMs
(11.20 [9.74; 13.38] mmHg) significantly exceeded one
in EMs (8.90 [7.60; 10.83] mmHg), in UMs (6.80
[5.99; 7.42] mmHg, p=0.04) and in the average group
of patients examined (9.20 [7.65; 11.21] mmHg)
(Figure 4).

13.2 T 125

—

8.11 3.93

—

EMs UMs
Average office DBP dynamics

atment (dynamics, A).

Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs, intermediate metabolizers; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Table 4 The Dynamics Of ABPM Results In Patients Taking A Combination Of Amlodipine And Omeprazole

Group Average | EMs 2 IMs 3 UMs 4 p-value (Mann-Whitney Test)
3vs | 3vs2 3vs4
24 hr SBP, mm Hg Baseline 13430 134.50 132.70 135.60
Endpoint 122.50 123.40 117.50 126.70 0.04 0.04 0.03
Dynamics, A 11.80 11.40 14.70 9.20 0.05 0.04 0.03
Dynamics, A% 8.10 830 10.65 6.11 0.05 0.04 0.03
p-value inside the group 0.04 0.04 0.03 0.04
24 hr DBP, mm Hg Baseline 86.70 85.70 86.70 85.72
Endpoint 7841 79.90 75.50 79.85 0.06 0.05 0.04
Dynamics, A 8.30 5.80 11.72 5.90 0.04 0.03 0.03
Dynamics, A% 9.50 6.70 12.91 6.80 0.04 0.03 0.03
p-value inside the group 0.04 0.04 0.04 0.04
Daytime SBP, mm Hg Baseline 137.60 137.70 136.90 138.10
Endpoint 126.90 129.50 121.60 129.50 0.04 0.04 0.04
Dynamics, A 10.70 820 15.30 8.60 0.04 0.04 0.04
Dynamics, A% 7.23 5.50 10.40 5.80 0.04 0.04 0.04
p-value inside the group 0.04 0.04 0.04 0.04
Nighttime SBP, mm Hg Baseline 131.20 132.34 130.50 130.70
Endpoint 124.50 125.50 120.40 127.60 0.04 0.04 0.04
Dynamics, A 6.61 6.84 9.9 3.10 0.04 0.04 0.04
Dynamics, A% 5.20 5.20 7.50 230 0.04 0.04 0.04
p-value inside the group 0.04 0.04 0.04 0.04
Daytime DBP, mm Hg Baseline 93.93 92.34 94.50 95.10
Endpoint 83.60 83.36 80.70 86.70 0.06 0.04 0.04
Dynamics, A 10.38 8.94 13.80 8.40 0.06 0.04 0.04
Dynamics, A% 11.20 9.60 14.60 8.80 0.06 0.04 0.04
p-value inside the group 0.04 0.04 0.02 0.04
Nighttime DBP, mm Hg Baseline 85.80 86.70 85.70 84.89
Endpoint 76.80 77.80 74.50 78.80 0.05 0.05 0.04
Dynamics, A 9.20 8.90 11.20 6.80 0.05 0.05 0.04
Dynamics, A% 10.48 10.26 13.06 8.00 0.05 0.05 0.04
p-value inside the group 0.04 0.04 0.04 0.04
24 hr heart rate, beats per minute Baseline 74.50 73.34 74.50 74.40 0.06 0.06 0.06
Endpoint 71.54 70.23 71.20 7320 0.06 0.06 0.06
Dynamics, A 3.10 3.1 3.30 1.20 0.06 0.06 0.05
Dynamics, A% 4.02 424 4.40 1.60 0.06 0.06 0.05
p-value inside the group 0.06 0.06 0.06 0.06

Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs, intermediate metabolizers; SBP, systolic blood pressure; DBP, diastolic blood pressure.
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Figure 4 OBPM and ABPM decrease in patients after two weeks of omeprazole + amlodipine treatment (dynamics, A).
Abbreviations: EMs, extensive metabolizers; UMs, ultrarapid metabolizers; IMs, intermediate metabolizers; SBP, systolic blood pressure; DBP, diastolic blood pressure.

Heart rate dynamics analysis showed a slightly more
pronounced increase in IMs (3.30 [2.83; 3.76] bpm) com-
pared to the group of UMs (1.20 [1.14; 1.53] bpm).

Antihypertensive effect was significantly more pro-
nounced in IMs compared to UMs by the average nocturnal
DBP (p =0.04) and the dynamics of nocturnal DBP (p = 0.04).

Discussion

CYP2C19 and CYP3A are the main enzymes involved
in omeprazole metabolism, while CYP3A is the princi-
pal enzyme family for amlodipine biotransformation.
Concomitant use of these drugs in patients with hyper-
tension and ARD might lead to variability of response
to one of the drugs, particularly, in patients with
CYP2C19 reduced activity.

Studies showed that such drug—drug interaction might
occur in drugs, substrates of CYP2C19 and CYP3A enzymes.
Concomitant use of clopidogrel, which converts to its active
metabolite via CYP2C19 and also CYP3A, and amlodipine,
might lead to poor response to clopidogrel.'® Dihydropyridine
calcium-channel blockers were showed to inhibit the CYP3A4
enzyme, which led to reduced antiplatelet activity of
clopidogrel.'® These findings were translated into conclusions
to avoid combination use of clopidogrel and amlodipine.'”

We included 51 patients (17 men, 34 women; mean
age 66.6+£9.8 years, age range 37-88 years) with long-
term 10 mg of amlodipine intake for treating hyperten-
sion together with the indications for 20 mg omeprazole
assignment for treating ARD. The distribution of
CYP2C19 phenotypes based on genotyping among
patients was as follows: EMs (CYP2C19*1/*1) - 41.1%;

IMs (CYP2C19*1/*2, CYP2C19*1/*3, CYP2C19*2/*17,
CYP2C19*3/*17) - 23.5%; UMs (CYP2C19 *1/*17,
CYP2C19*17/*17) - 35.3%. The frequency of CYP2C
19%2, CYP2C19*3, CYP2C19*17 alleles in our study
reflects the data described for Europeans.'®

The results of OBPM showed that antihypertensive effect
was significantly more pronounced in patients with hyperten-
sion and ARD in case of a phenotype of IMs compared to the
ones with a phenotype of EMs or UMs and the average group
value in the following parameters: the average office systolic
BP (p =0.04), the dynamics of the average office systolic BP
(p=0.04; p =0.03, p=0.04, respectively). According to the
dynamics of diastolic BP, the antihypertensive effect was also
significantly higher in IMs than in UMs and the average
group value (p = 0.03 and p = 0.04, respectively).

Furthermore, the results of ABPM revealed that there
was a significantly more pronounced antihypertensive
effect in IMs compared to all other analyzed groups
according to the dynamics of both daytime systolic and
24 hr diastolic BP. The average daytime diastolic BP and
its dynamics, the average 24 hr systolic BP and its
dynamics were higher in IMs compared to EMs and UMs.

So we found that in IMs antihypertensive effect of long-
term amlodipine intake was higher than in EMs or UMs when
adding omeprazole in patients with hypertension and ARD.
This could be explained using the following hypothesis: in
CYP2C19 IMs omeprazole biotransformation converts to
CYP3A to a higher extent, omeprazole inhibits CYP3A,
which leads to amlodipine cumulation and stronger antihyper-
tensive effect compared to CYP2C19 EMs and UMs. This
hypothesis needs to be verified in large clinical studies.
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dynamics in patients with grade 1-2 of hypertension

Analysis 6B-hydroxycortisol/cortisol  ratio
showed that there was a decrease in CYP3A4 activity
during the combined omeprazole and amlodipine pharma-
cotherapy in all the analyzed groups. The most pro-
nounced decrease was found in the group of CYP2C19
IMs, which exceeded the group average decrease (p=0.04),
the decrease in EMs (p=0.04) and UMs (p=0.03).

This finding also supports our hypothesis about
CYP3A omeprazole bypass activation in IMs and possible
drug—drug interaction and increase of antihypertensive
effect of amlodipine.

Thus, in patients with hypertension and ARD, who need
adding omeprazole to long-term amlodipine therapy, genetic
testing for CYP2C19 polymorphisms may be useful before
drug administration. In order to increase safety of combined
pharmacotherapy in patients receiving omeprazole, prefer-
ence should be given to antihypertensive drugs which are not
metabolized by CYP3A4 and do not influence its activity. In
outpatient practice for patients with hypertension and ARD
taking omeprazole, amlodipine pharmacotherapy should be
started with a dose of 5 mg in the absence of the results of
pharmacogenetic testing.

Conclusion

Adding omeprazole to long-term amlodipine therapy in
patients with hypertension and ARD may lead to a sig-
nificantly more pronounced antihypertensive effect in
patients genotyped CYP2C19 IMs.
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