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Abstract

Purpose Several clinical studies have demonstrated that angiotensin-converting enzyme inhibitors, but not angiotensin II recep-
tor blockers (ARBs), reduce the risk of non-fatal myocardial infarction and cardiovascular mortality. We found that ARBs
inhibited the activity of various cytochrome enzymes in arachidonic acid metabolism, resulting in decreased in vitro production
of epoxyeicosatrienoic acids (EETs), which exhibit vasodilation and anti-inflammatory effects, and their subsequent metabolites,
dihydroxyeicosatrienoic acids (DHETSs). The present study examined the effects of ARBs on serum levels of EETs and DHETS in
patients admitted to a cardiovascular center.

Methods A total of 223 patients were enrolled, of which 107 were exposed to ARBs in this study. ARB-free individuals were
defined as the control group (n = 116). Serum levels of EETs and DHETs were measured by liquid chromatography—tandem mass
spectrometry. Multiple linear regression analyses were carried out to identify covariates for total serum levels of EETs and DHETSs.
Results A significant negative association was observed between ARB use and serum EET and DHET levels (p = 0.034),
whereas a significant positive association was observed between the estimated glomerular filtration rate (¢eGFR) and serum
EET and DHET levels (»p = 0.007). The median serum total EET and DHET level in the ARB group tended to become lower
than that in the control group, although the difference was not significant.

Conclusion ARB use and eGFR were significantly associated with total serum levels of EETs and DHETSs. Our results suggest
that ARBs could affect the concentration of EETs in vivo.

Keywords Angiotensin Il receptor blockers - Epoxyeicosatrienoic acids - Dihydroxyeicosatrienoic acids - Serum levels - Multiple
linear regression analysis
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in the development of cardiovascular diseases [7—10]. Oni-
Orisan et al. [11] recently showed that patients with obstruc-
tive coronary artery disease (CAD) have lower levels of plas-
ma EETs and total EETs and DHETSs than patients without
apparent CAD. Low levels of circulating total EETs and
DHETSs may theoretically increase the risk of cardiovascular
events.

Angiotensin II receptor blockers (ARBs) are the recom-
mended initial treatment for hypertension according to the
2017 ACC/AHA [12] and 2018 ESC/ESH [13] guidelines.
Several clinical trials have suggested that ARBs and
angiotensin-converting enzyme inhibitors (ACEls) have a
prophylactic effect against cardiovascular events [14-20].
However, several recent large-scale meta-analyses reported
that ARBs have limited efficacy in preventing cardiovascular
events [21-23]. Hoang et al. [21] reported that ACEIs (but not
ARBs) reduce the risks of non-fatal myocardial infarction
(MI) and cardiovascular mortality in CAD patients. Similar
results have been reported in patients with heart failure [22]
and diabetes mellitus [23].

We previously demonstrated that ARBs inhibit AA metab-
olism via CYP enzymes in vitro, with differing degrees of
inhibition among ARBs [24, 25]. Telmisartan exhibited the
most potent inhibitory effect on AA metabolism among the
seven ARBs investigated, whereas candesartan exhibited little
inhibitory effect [25]. Similar results have been reported by
other researchers [26, 27]; however, it remains unclear wheth-
er ARBs reduce the production of EETs from AA in vivo.

Given this background, we investigated the effects of
ARBs on serum levels of EETs and DHETS in patients admit-
ted to a cardiovascular center. We also explored the covariates
related to total EET and DHET serum levels using multiple
linear regression analysis.

Materials and methods
Study design

A total of 223 patients admitted to the Cardiovascular Center
at Teine Keijinkai Hospital between October 2013 and
October 2017 were enrolled in the study. Individuals contin-
uously exposed to an ARB (azilsartan, candesartan, losartan,
irbesartan, olmesartan, telmisartan, or valsartan) for at least 4
weeks were assigned to the ARB group (n = 107). Individuals
who had not taken any ARB were assigned to the control
group (n = 116). Informed consent was obtained from each
participant included in the study. The study protocol was ap-
proved by the Ethics Committee of Teine Keijinkai Hospital.
All procedures of this study were in accordance with the eth-
ical standards of the institutional research committee (Ethics
Committee of Teine Keijinkai Hospital, 2013-043) and the
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1964 Helsinki declaration and its later amendments or com-
parable ethical standards.

Serum concentrations of EETs and DHETs were deter-
mined using residual serum collected for biochemical exami-
nations. Serum samples containing 0.2 mg/mL of butylated
hydroxytoluene in 50% methanol (final concentration: 3.9 pg/
mL) as an antioxidant were frozen at — 30 °C at Teine
Keijinkai Hospital and then transported to Hokkaido
University of Science, where they were stored at — 80 °C until
analysis. Concentrations of EETs and DHETS in serum were
measured within 1 week of collection.

Chemicals

Eight eicosanoids (14,15-, 11,12-, 8,9-, and 5,6-EET, and
14,15-, 11,12-, 8,9-, and 5,6-DHET) and their corresponding
deuterated eicosanoids (14,15-, 11,12-, 8,9-, and 5,6-EET-d,,
and 14,15-, 11,12-, and 8,9-DHET-d;,) as internal standards
were purchased from Cayman Chemical (Ann Arbor, MI),
except for 5,6-DHET-d,;, which was commercially unavail-
able. Therefore, 8,9-DHET-d;; was used as an internal stan-
dard for the determination of 5,6-DHET. OASIS® HLB solid-
phase extraction cartridges (3 cc) were purchased from Waters
(Milford, MA). All other chemicals and solvents were HPLC
or special grade.

Sample preparation

An aliquot of 250 pL of serum was mixed with 50 pL of
internal standard solution and 950 uL of ethanol and placed
on ice for 20 min. The mixture was then centrifuged at 6490xg
for 5 min. The resulting supernatant was loaded onto a
preconditioned OASIS® HLB cartridge, and EETs and
DHETSs were extracted using ethyl acetate. The eluate was
evaporated to dryness and reconstituted with 55 puL of 50%
acetonitrile. After centrifugation at 6490xg for 5 min, an ali-
quot of 40 uL of the supernatant was used for liquid
chromatography—tandem mass spectrometry (LC-MS/MS).
Samples were analyzed in duplicate for each subject.

LC-MS/MS conditions

Serum concentrations of EETs and DHETs were determined
using an LC-MS/MS method described previously [24, 28].
The LC-MS/MS system consisted of an Agilent 1200 series
HPLC (Agilent Technologies, Santa Clara, CA) coupled to a
QTRAP® API3200 mass spectrometer (AB Sciex,
Framingham, MA). Separation of EETs and DHETSs was con-
ducted at 50 °C using an Ascentis Express C18 column
(2.7-pum particle size, 10 cm x 2.1 mm; Sigma-Aldrich, St.
Louis, MO). Mobile phases A and B consisted of 0.1% formic
acid in acetonitrile and water, respectively. The flow rate was
set at 0.3 mL/min. The gradient program was as follows: 50%
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B for 27 min, 50-90% B from 27 to 28 min, 90% B from 28 to
35 min, 90-50% B from 35 to 36 min, and re-equilibration at
50% B from 36 to 43 min. Electrospray ionization was
employed to determine EETs and DHETSs by multiple reaction
monitoring in negative ion mode. Lower limit of quantifica-
tion (LLOQ) values for each EET and DHET concentration
with a signal/noise ratio > 10 were as follows; 0.35 nM (0.11
ng/mL), 0.11 (0.036), 3.6 (1.2), 0.20 (0.064), 0.13 (0.043),
0.13 (0.043), 0.10 (0.034), and 0.077 (0.026) for 14,15-,
11,12-, 8,9-, and 5,6-EET and 14,15-, 11,12-, 8,9-, and 5,6-
DHET, respectively.

Data analysis

Patient characteristics were compared using chi-squared or
unpaired ¢ tests, whereas the Mann-Whitney test was used to
analyze differences in levels of EET and DHET regioisomers
as well as total levels of EETs and DHETSs between the ARB
and control groups. Multiple linear regression analyses
adjusting for age, sex, body mass index (BMI), smoking sta-
tus, estimated glomerular filtration rate (¢GFR), history of M1,
and medications (including ARBs, calcium channel blockers
[CCBs], B-blockers, diuretics, HMG-CoA reductase inhibitors
[statins], antiplatelets, anticoagulants, and antidiabetics) were
performed using SPSS software (ver. 24.0, IBM Japan,
Tokyo, Japan). Patient characteristics and serum levels of
EETs and DHETSs are expressed as the mean = SD and medi-
an, respectively.

Results
Patient characteristics

Patient characteristics are shown in Table 1. There were no
significant differences between groups with respect to age,
sex, systolic blood pressure, smoking status, eGFR, alanine
aminotransferase, or history of MI. BMI was significantly
lower in the control group than in the ARB group. Diastolic
blood pressure (DBP) and aspartate aminotransferase (AST)
were significantly higher in the control group compared to the
ARB group. CCBs, diuretics, and antiplatelets were pre-
scribed less frequently to the control group.

EET and DHET serum levels

Table 2 summarizes EET and DHET serum levels for each
group. A large number of the EET serum levels were below
the LLOQ); in particular, 8,9-EET could not be detected in any
sample in either group. Serum levels of 14,15-EET and 8,9-
DHET in the ARB group were significantly lower than those
in the control group. The EET/DHET ratio, an indicator of
sEH activity, exhibited large interpatient variability.

Multiple linear regression analysis

Prior to multiple linear regression analysis, single linear re-
gression analysis was applied to broadly estimate covariates
and confirmed that ARB and antiplatelets use, age, and eGFR
significantly affected total EET and DHET serum levels
(Supplementary Table S1). ARB use and eGFR were consid-
ered as covariates for calculating total EET and DHET serum
levels in the multiple linear regression analysis (Table 3). A
significant negative association was observed between ARB
use and total EET and DHET serum levels (p = 0.034), where-
as a significant positive association was observed between
eGFR and serum levels (p = 0.007).

Total EET and DHET serum levels

Figure 1 summarizes the median values for total EET and
DHET serum levels for each group. The median total EET
and DHET serum level in the ARB group (1.47 nM) tended
to become lower than that in the control group (1.83 nM),
although the difference was not significant. The adjusted R’
(coefficient of determination) value for the multiple regression
analysis indicated that eGFR and ARB use contributed only
5.5% to the change in total EET and DHET serum levels
(Table 3).

Discussion

Serum levels of DHETS, the active metabolites of EETs, de-
cline with decreasing EET levels and affect homeostasis of the
cardiovascular system [2, 5, 6]. Clinical studies should there-
fore assess the effects of medications on serum EET and
DHET concentrations. A large number of EET serum levels
were below the LLOQ (Table 2), whereas total EET serum
levels were higher than total DHET levels. These results were
consistent with a previous report [29]. The 14,15-EET con-
centrations were significantly reduced in patients taking
ARBs, but over 90% of samples were below the LLOQ. 8,9-
DHTE levels were significantly reduced in patients taking
ARBs, but the difference in the median values was small.
There were no significant differences in the levels of other
eicosanoids or the EET/DHET ratio in patients taking
ARBs. The EET/DHET ratio, which indicates sEH activity,
was calculated to be 0.310 (36/116) and 0.206 (22/107) in the
control and ARB groups, respectively, with large interpatient
variability. As the sum of EET and DHET levels is thought to
represent EET biosynthesis, the effect of ARBs on reducing
EET production from AA via the CYP pathway could be
described by the total EET and DHET serum levels.

The other clinical conditions of patients who participated in
this study varied, with the exception of taking ARBs. This
study examined changes in serum eicosanoid levels due to
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Table 1 Patient characteristics

Control (n = 116) ARB (n =107) p value
Age (years) 69.4+11.2 72.1+9.8 0.067*
Sex (male/female) 81/35 63/44 0.088°
BMI (kg/m?) 234+4.0 252+3.8 0.001*
SBP (mmHg) 1244+ 184 1273+17.8 0.244%
DBP (mmHg) 725+ 11.4 67.4+133 0.002%
Smoking status (current-/ex-/non-smoker) 20/31/55 13/32/46 -
eGFR (mL/min) 64.2+23.8 59.4+243 0.135%
AST (IU/L) 284+11.2 255+9.0 0.036"
ALT (IU/L) 24.0+13.3 21.9+12.6 0.227%
History of MI 17 23 0.183°
Medication (%)
CCBs 36 31) 71 (66) <0.001°
B-Blockers 50 (43) 47 (44) 0.902°
Diuretics 18 (16) 36 (34) 0.002°
Statins 58 (50) 66 (62) 0.079°
Antiplatelets 66 (57) 75 (70) 0.041°
Anticoagulants 31 (27) 31 (29) 0.708°
Antidiabetics 23 (20) 30 (28) 0.150°

Mean + SD, * unpaired t-test, b chi-squared test

ARBs angiotensin II receptor blockers, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood
pressure, eGFR estimated glomerular filtration rate, AST aspartate aminotransferase, ALT alanine aminotransfer-
ase, MI myocardial infarction, CCBs calcium channel blockers; Statins: HMG-CoA reductase inhibitors

ARB use with ethical considerations but did not conduct any
interventions in routine medications. It would be useful to
investigate the effects of ARBs on the biokinetics of eicosa-
noids in clinical trials that further classify patient groups.

As shown in Table 1, BMI was significantly lower in the
control group than in the ARB group, whereas DBP and AST
were significantly higher in the control group than in the ARB
group. The differences in BMI and DBP between the two
groups were < 10%, and the mean AST level in both groups
was within the normal range (7-38 IU/L). Therefore, these
differences, although significant, would have little influence
on the results of this study. CCBs, diuretics, and antiplatelets
were co-prescribed more frequently to patients in the ARB
group. All patients enrolled in this study were admitted to
Cardiovascular Center at Teine Keijinkai Hospital, but the
patients in the control group were not always treated for hy-
pertension. The glucuronate conjugate of clopidogrel, a com-
monly prescribed antiplatelets, exhibits a time-dependent in-
hibitory effect on CYP2C8 [30, 31]. Clopidogrel was pre-
scribed to 32.8% (38/116) of patients in the control group
and 40.1% (43/107) of patients in the ARB group (p =
0.249, chi-squared test). Other than clopidogrel, there was
no concomitant use of CCBs, diuretics, and antiplatelets that
could affect the metabolism of EETSs. Therefore, concomitant
drug use would also have a negligible effect on the results of
this study.

@ Springer

ARB use was the covariate for calculating the serum levels
of total EETs and DHETSs (Table 3). The median total EET
and DHET serum level in the ARB group tended to become
lower than that in the control group, although the difference
was not significant (Fig. 1). These results are consistent with
studies demonstrating an inhibitory effect of ARBs on AA
metabolism in vitro [24, 25].

Renal function was also associated with total EET and
DHET serum levels (Table 3). A significant negative correla-
tion was observed between eGFR and age (Spearman’s rank
correlation coefficient p =—0.552, p < 0.001). Kawabata et al.
[32] reported decreased blood concentrations of AA metabo-
lites in geriatric patients. Although the concentrations of EETs
and DHETs in urine were not assessed in this study, the pos-
itive relationship between eGFR and serum levels of EETs
and DHETs could reflect an age-associated decrease in pro-
duction rather than delayed excretion due to decreased renal
function.

The enzymatic activities of CYPs and sEHs are regulated
by female hormones/estrogens, resulting in a gender disparity
in terms of EET-mediated effects [33]. Experimental human
models and pathophysiological studies suggest that enzymes
involved in EET biosynthesis and metabolism play a role in
controlling blood pressure in a gender-specific manner.
Female hormones would protect women from cardiovascular
events until menopause, but the risk increases rapidly after
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Table 2 EET and DHET serum levels in the control and ARB groups

Control (n=116) EET (nM) (number of samples

DHET (nM)(number of samples

EET/DHET (number of calculable

above LLOQ)

14,15-form 2.60[0.88-5.21]
®)

11,12-form 0.84 [0.12-3.05]
(28)

8,9-form ND
0)

5,6-form 1.59[0.20-12.1]
(33)

Total 2.46[0.20-16.4]
(36)

ARB (n=107)

14,15-form 0.817 [0.35-2.20]
(6)

11,12-form 0.68 [0.11-1.39]
a7

8,9-form ND
)

5,6-form 1.21[0.30-4.32]
(20)

Total 1.91[0.32-7.74]

22

above LLOQ)

047 [0.15-1.25]
(116)

0.38 (0.13-1.13]
(116)

0.25 [0.13-0.74]
(61)

0.83 [0.08-7.86]
(63)

1.40 [0.31-9.43]
(116)

0.46 [0.13-1.00]
(107)

041 [0.13-1.01]
(105)

0.23* [0.10-0.58)
49)

0.65 [0.08-5.61]
(54)

1.23[0.27-6.84]
(107)

samples)

3.43[1.07-14.3]
®
2.20[0.22-7.83]
28

0

1.44 [0.68-12.9]
(20)

0.95[0.16-21.5]
(36)

1.35[0.38-4.31]
(6)
1.57[0.21-2.78]
a7

©)

2.00 [0.08-8.49]
©

1.14 [0.08-7.30]
22)

Median [range]

Control (n = 116)

Median [range]

ARB (n=107)

Tp <0.01, *p < 0.05 vs control group, Mann-Whitney U test

EETs epoxyeicosatrienoic acids, DHETSs dihydroxyeicosatrienoic acids, LLOQ lower limit of quantification, ND not detected

menopause [34]. Multiple linear regression analyses in this
study were conducted to calculate total EET and DHET serum
levels regardless of gender. Seventy-four of 79 female partic-
ipants in this study were aged over 60 years and considered
menopausal, and they were thought to have as low female
hormone levels as low as males, which is why gender was
not included in the final model.

Table 3  Results of the multiple linear regression analysis exploring the
covariates related to total EET and DHET serum levels

Variable Coefficient SE p value

Total EETs + DHETSs

Intercept 1.470 0.618 0.018
eGFR 0.023 0.009 0.007
ARB use —0.878 0411 0.034

Adjusted R : 0.055

SE standard error, EETs epoxyeicosatrienoic acids, DHETs
dihydroxyeicosatrienoic acids, eGFR estimated glomerular filtration rate,
ARB angiotensin II receptor blocker

Minuz et al. [29] reported lower levels of plasma EETs and
total EETs and DHETS in patients with renovascular disease
compared with essential hypertensive patients or healthy nor-
motensive subjects. We did not find any significant difference
regarding patients with hypertension (p = 0.518, Fig. 2), indi-
cating that hypertension has a negligible effect on serum levels
of total EETs and DHETS in this population.

Oni-Orisan et al. [11] reported a median plasma level of
total EETs and DHETS in patients with obstructive CAD of
2.59 ng/mL, whereas the median serum levels of total EETs
and DHETs in the ARB and control groups in this study were
0.497 and 0.620 ng/mL, respectively. The mean (= SD) age of
patients in the ARB group (72.1 £ 9.8 years) in our study was
higher than that reported by Oni-Oresan et al. (63.6 £ 10.2)
[11]. As the AA concentration in blood decreases with age in
humans [32], the discrepancy in circulating levels of EETs
and DHETSs between the two studies could be explained in
part by the difference in mean age of the study populations.

The adjusted R’ value from the multiple regression analysis
indicated that eGFR and ARB use contributed only 5.5% to
the difference in the serum levels of total EETs and DHETSs.
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Fig. 1 Serum levels and median
total EET and DHET levels in the
control and ARB groups. EETs
epoxyeicosatrienoic acids,
DHETs dihydroxyeicosatrienoic
acids

251

Serum levels of total EETs and DHETs (nM)

Median (nM)

1.83

These results suggest that as yet unknown additional factors
affect the serum level of total EETs and DHETs.

In contrast to ARBs, ACEIs reportedly increase EET levels
by inhibiting ACE and increasing bradykinin, which causes

p=0.518
S 25-
£
2 o
Y 20
0
% 0g@
@ 151 o
Ll
L
g 10_ O @]
5 o)
o

$ %o -
3 O
£

1.93 1.64

Hypeﬁeﬁﬂon(+)
(n=5%5)
Mann-Whitney test

0 :
Hypertension (-)
(n=61)

Fig. 2 Serum levels of total EETs and DHETS in the control group and
presence or absence of a diagnosis of hypertension. Data are presented as
the median (midline), interquartile range (box), and 95% confidence
intervals (whiskers). EETs epoxyeicosatrienoic acids, DHETs
dihydroxyeicosatrienoic acids
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1.51

1.46 1.64

vascular relaxation via the release of endothelial relaxing fac-
tors, including EETs [35]. This may be related to observations
from clinical trials suggesting that ACEIs have a prophylactic
effect on cardiovascular events [14—17].

In conclusion, multiple linear regression analysis revealed
that ARB use and eGFR are significantly associated with serum
levels of EETs and DHETSs. The median total EET and DHET
serum level in the ARB group tended to become lower than that
in the control group, although the difference was not statistical-
ly significant. Further studies are thus necessary to elucidate the
relationship between serum levels of EETs and DHETS and the
risk of cardiovascular events in patients taking ARBs.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s00228-020-03061-1.

Acknowledgments The authors are grateful to Hiroki KOMAZAWA
and Kenichiro TOSHIMA for their assistance in sample collection.

Authors’ contribution All authors contributed to the study conception
and design. Data collection and analysis were performed by Yuka Kato,
Asuna Senda, Miki Yamashita, Yuki Sasaoka, Minayo Hanada, and
Takaki Toda. The research was supervised by Fuminori Hongo,
Mitsugu Hirokami, and Takaki Toda. The first draft of the manuscript
was written by Yuka Kato and revised by Yuji Mukai, Anders Rane,
Nobuo Inotsume, and Takaki Toda. All authors commented on previous
versions of the manuscript. All authors read and approved the final
manuscript.

Funding Takaki Toda has received a research grant from the Japan
Society for the Promotion of Science KAKENHI (26460229).

Data availability Not applicable


https://doi.org/

Eur J Clin Pharmacol (2021) 77:887-894

893

Compliance with ethical standards

Conflict of interest Takaki Toda has received a research grant from the
Japan Society for the Promotion of Science KAKENHI (26460229). The
other authors declare that they have no conflicts of interest.

Ethics approval  All procedures performed in studies involving human
participants were in accordance with the ethical standards of the institu-
tional research committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards. The study was ap-
proved by the Ethics Committee of Teine Keijinkai Hospital (no. 2013-
043).

Consent to participate Informed consent was obtained from all individ-
ual participants included in the study.

Consent for publication Not applicable

Code availability Not applicable

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,
adaptation, distribution and reproduction in any medium or format, as
long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons licence, and indicate if
changes were made. The images or other third party material in this article
are included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the
article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Zeldin DC (2001) Epoxygenase pathways of arachidonic acid me-
tabolism. J Biol Chem 276:36059-36062

2. Spector AA, Norris AW (2007) Action of epoxyeicosatrienoic
acids on cellular function. Am J Physiol Cell Physiol 292:C996—
C1012

3. Campbell WB, Gebremedhin D, Pratt PF, Harder DR (1996)
Identification of epoxyeicosatrienoic acids as endothelium-
derived hyperpolarizing factors. Circ Res 78:415-423

4. Node K, Huo Y, Ruan X, Yang B, Spiecker M, Ley K, Zeldin DC,
Liao JK (1999) Anti-inflammatory properties of cytochrome P450
epoxygenase-derived eicosanoids. Science 285:1276-1279

5. Oltman CL, Weintraub NL, VanRollins M, Dellsperger KC (1998)
Epoxyeicosatrienoic acids and dihydroxyeicosatrienoic acids are
potent vasodilators in the canine coronary microcirculation. Circ
Res 83:932-939

6. Lu T, Katakam PV, VanRollins M, Weintraub NL, Spector AA,
Lee HC (2001) Dihydroxyeicosatrienoic acids are potent activators
of Ca**-activated K* channels in isolated rat coronary arterial
myocytes. J Physiol 534:651-667

7. Borgel J, Bulut D, Hanefeld C, Neubauer H, Miigge A, Epplen JT,
Holland-Letz T, Spiecker M (2008) The CYP2J2 G-50T polymor-
phism and myocardial infarction in patients with cardiovascular risk
profile. BMC Cardiovasc Disord 8:41

8. Lee CR, North KE, Bray MS, Couper DJ, Heiss G, Zeldin DC
(2007) CYP2J2 and CYP2CS8 polymorphisms and coronary heart

10.

11.

12.

13.

14.

15.

16.

17.

18.

disease risk: the atherosclerosis Risk in Communities (ARIC)
study. Pharmacogenet Genomics 17:349-358

Rodenburg EM, Visser LE, Danser AH, Hofman A, van Noord C,
Witteman JC, Uitterlinden AG, Stricker BH (2010) Genetic vari-
ance in CYP2C8 and increased risk of myocardial infarction.
Pharmacogenet Genomics 20:426-434

Yasar U, Bennet AM, Eliasson E, Lundgren S, Wiman B, De Faire
U, Rane A (2003) Allelic variants of cytochromes P450 2C modify
the risk for acute myocardial infarction. Pharmacogenetics 13:715—
720

Oni-Orisan A, Edin ML, Lee JA, Wells MA, Christensen ES,
Vendrov KC, Lih FB, Tomer KB, Bai X, Taylor JM, Stouffer
GA, Zeldin DC, Lee CR (2016) Cytochrome P450-derived
epoxyeicosatrienoic acids and coronary artery disease in humans:
a targeted metabolomics study. J Lipid Res 57:109-119

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ,
Dennison Himmelfarb C, DePalma SM, Gidding S, Jamerson KA,
Jones DW, MacLaughlin EJ, Muntner P, Ovbiagele B, Smith SC Jr,
Spencer CC, Stafford RS, Taler SJ, Thomas RJ, Williams KA,
Williamson JD, Wright JT Jr (2018) 2017 ACC/AHA/AAPA/
ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for
the prevention, detection, evaluation, and management of high
blood pressure in adults: executive summary: a report of the
American College of Cardiology/American Heart Association task
force on clinical practice guidelines. Hypertension 71:1269-1324
Williams B, Mancia G, Spiering W, Agabiti Rosei E, Azizi M,
Burnier M, Clement DL, Coca A, de Simone G, Dominiczak A,
Kahan T, Mahfoud F, Redon J, Ruilope L, Zanchetti A, Kerins M,
Kjeldsen SE, Kreutz R, Laurent S, Lip GYH, Mc Manus R,
Narkiewicz K, Ruschitzka F, Schmieder RE, Shlyakhto E,
Tsioufis C, Aboyans V, Desormais I, ESC Scientific Document
Group (2018) 2018 ESC/ESH Guidelines for the management of
arterial hypertension. Eur Heart J 39:3021-3104

Yusuf S, Sleight P, Pogue J, Bosch J, Davies R, Dagenais G, Heart
Outcomes Prevention Evaluation Study Investigators (2000)
Effects of an angiotensin-converting-enzyme inhibitor, ramipril,
on cardiovascular events in high-risk patients. N Engl J Med 342:
145-153

Yusuf S, Teo K, Anderson C, Pogue J, Dyal L, Copland I,
Schumacher H, Dagenais G, Sleight P, Telmisartan Randomised
AssessmeNt Study in ACE iNtolerant subjects with cardiovascular
Disease (TRANSCEND) Investigators (2008) Effects of the
angiotensin-receptor blocker telmisartan on cardiovascular events
in high-risk patients intolerant to angiotensin-converting enzyme
inhibitors: a randomised controlled trial. Lancet 372:1174-1183
Fox KM, EURopean trial On reduction of cardiac events with
Perindopril in stable coronary Artery disease Investigators (2003)
Efficacy of perindopril in reduction of cardiovascular events among
patients with stable coronary artery disease: randomised, double-
blind, placebo-controlled, multicentre trial (the EUROPA study).
Lancet 362:782-788

The Acute Infarction Ramipril Efficacy (AIRE) Study Investigators
(1993) Effect of ramipril on mortality and morbidity of survivors of
acute myocardial infarction with clinical evidence of heart failure.
Lancet 342:821-828

Pfeffer MA, Swedberg K, Granger CB, Held P, McMurray JJ,
Michelson EL, Olofsson B, Ostergren J, Yusuf S, Pocock S,
CHARM Investigators and Committees (2003) Effects of
candesartan on mortality and morbidity in patients with chronic
heart failure: the CHARM-Overall programme. Lancet 362:759-
766

McMurray JJ, Ostergren J, Swedberg K, Granger CB, Held P,
Michelson EL, Olofsson B, Yusuf S, Pfeffer MA, CHARM
Investigators and Committees (2003) Effects of candesartan in pa-
tients with chronic heart failure and reduced left-ventricular systolic

@ Springer


https://doi.org/

894

Eur J Clin Pharmacol (2021) 77:887-894

20.

21.

22.

23.

24.

25.

26.

27.

function taking angiotensin-converting-enzyme inhibitors: the
CHARM-Added trial. Lancet 362:767-771

Granger CB, McMurray JJ, Yusuf S, Held P, Michelson EL,
Olofsson B, Ostergren J, Pfeffer MA, Swedberg K, CHARM
Investigators and Committees (2003) Effects of candesartan in pa-
tients with chronic heart failure and reduced left-ventricular systolic
function intolerant to angiotensin-converting-enzyme inhibitors:
the CHARM-Alternative trial. Lancet 362:772-776

Hoang V, Alam M, Addison D, Macedo F, Virani S, Birnbaum Y
(2016) Efficacy of angiotensin-converting enzyme inhibitors and
angiotensin-receptor blockers in coronary artery disease without
heart failure in the modern statin era: a meta-analysis of
randomized-controlled trials. Cardiovasc Drugs Ther 30:189—198
Tai C,Gan T, Zou L, Sun Y, Zhang Y, Chen W, Li J, Zhang J, Xu
Y, Lu H, Xu D (2017) Effect of angiotensin-converting enzyme
inhibitors and angiotensin II receptor blockers on cardiovascular
events in patients with heart failure: a meta-analysis of randomized
controlled trials. BMC Cardiovasc Disord 17(1):257

Cheng J, Zhang W, Zhang X, Han F, Li X, He X, Li Q, Chen J
(2014) Effect of angiotensin-converting enzyme inhibitors and an-
giotensin II receptor blockers on all-cause mortality, cardiovascular
deaths, and cardiovascular events in patients with diabetes mellitus:
a meta-analysis. JAMA Intern Med 174:773-785

Senda A, Mukai Y, Toda T, Hayakawa T, Yamashita M, Eliasson
E, Rane A, Inotsume N (2015) Effects of angiotensin II receptor
blockers on metabolism of arachidonic acid via CYP2CS. Biol
Pharm Bull 38:1975-1979

Senda A, Mukai Y, Hayakawa T, Kato Y, Eliasson E, Rane A, Toda
T, Inotsume N (2017) Angiotensin II receptor blockers inhibit the
generation of epoxyeicosatrienoic acid from arachidonic acid in
recombinant CYP2C9, CYP2J2 and human liver microsomes.
Basic Clin Pharmacol Toxicol 121:239-245

Kamiyama E, Yoshigae Y, Kasuya A, Takei M, Kurihara A, lkeda
T (2007) Inhibitory effects of angiotensin receptor blockers on
CYP2C9 activity in human liver microsomes. Drug Metab
Pharmacokinet 22:267-275

Ren S, Zeng J, Mei Y, Zhang JZ, Yan SF, Fei J, Chen L (2013)
Discovery and characterization of novel, potent, and selective cy-
tochrome P450 2J2 inhibitors. Drug Metab Dispos 41:60—71

@ Springer

28.

29.

30.

31.

32.

33.

34.

35.

Mukai Y, Toda T, Takeuchi S, Senda A, Yamashita M, Eliasson E,
Rane A, Inotsume N (2015) Simultaneous determination method of
epoxyeicosatrienoic acids and dihydroxyeicosatrienoic acids by
LC-MS/MS system. Biol Pharm Bull 38:1673-1679

Minuz P, Jiang H, Fava C, Turolo L, Tacconelli S, Ricci M,
Patrignani P, Morganti A, Lechi A, McGiff JC (2008) Altered
release of cytochrome P450 metabolites of arachidonic acid in re-
novascular disease. Hypertension 51:1379-1385

Tornio A, Filppula AM, Kailari O, Neuvonen M, Nyrénen TH,
Tapaninen T, Neuvonen PJ, Niemi M, Backman JT (2014)
Glucuronidation converts clopidogrel to a strong time-dependent
inhibitor of CYP2C8: a phase II metabolite as a perpetrator of
drug-drug interactions. Clin Pharmacol Ther 96:498-507

Itkonen MK, Tornio A, Neuvonen M, Neuvonen PJ, Niemi M,
Backman JT (2019) Clopidogrel and gemfibrozil strongly inhibit
the CYP2C8-dependent formation of 3-hydroxydesloratadine and
increase desloratadine exposure in humans. Drug Metab Dispos 47:
377-385

Kawabata T, Hirota S, Hirayama T, Adachi N, Hagiwara C, Iwama
N, Kamachi K, Araki E, Kawashima H, Kiso Y (2011) Age-related
changes of dietary intake and blood eicosapentaenoic acid,
docosahexaenoic acid, and arachidonic acid levels in Japanese
men and women. Prostaglandins Leukot Essent Fatty Acids 84:
131-137

Huang A, Sun D (2018) Sexually dimorphic regulation of EET
synthesis and metabolism: roles of estrogen. Front Pharmacol 9:
1222

Fava C, Ricci M, Melander O, Minuz P (2012) Hypertension, car-
diovascular risk and polymorphisms in genes controlling the cyto-
chrome P450 pathway of arachidonic acid: a sex-specific relation?
Prostaglandins Other Lipid Mediat 98:75-85

Gauthier KM, Cepura CJ, Campbell WB (2013) ACE inhibition
enhances bradykinin relaxations through nitric oxide and B1 recep-
tor activation in bovine coronary arteries. Biol Chem 394:1205—
1212

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.



	Effects...
	Abstract
	Abstract
	Abstract
	Abstract
	Abstract
	Introduction
	Materials and methods
	Study design
	Chemicals
	Sample preparation
	LC-MS/MS conditions
	Data analysis

	Results
	Patient characteristics
	EET and DHET serum levels
	Multiple linear regression analysis
	Total EET and DHET serum levels

	Discussion
	References


