
1521-009X/46/8/1157–1168$35.00 https://doi.org/10.1124/dmd.118.082073
DRUG METABOLISM AND DISPOSITION Drug Metab Dispos 46:1157–1168, August 2018
Copyright ª 2018 by The American Society for Pharmacology and Experimental Therapeutics

S-Enantiomer of 19-Hydroxyeicosatetraenoic Acid Preferentially
Protects Against Angiotensin II-Induced Cardiac Hypertrophy

Sherif M. Shoieb and Ayman O. S. El-Kadi

Faculty of Pharmacy and Pharmaceutical Sciences, University of Alberta, Edmonton, Alberta, Canada

Received April 16, 2018; accepted May 29, 2018

ABSTRACT

We had recently demonstrated that the racemic mixture of
19-hydroxyeicosatetraenoic acid (19-HETE) protects against angio-
tensin II (Ang II)-induced cardiac hypertrophy. Therefore, the
purpose of this study was to investigate whether the R- or S-
enantiomer of 19-HETE confers cardioprotection against Ang
II-induced cellular hypertrophy in RL-14 and H9c2 cells. Both cell
lines were treated with vehicle or 10 mM Ang II in the absence
and presence of 20 mM 19(R)-HETE or 19(S)-HETE for 24 hours.
Thereafter, the level of midchain HETEs was determined using
liquid chromatography–mass spectrometry. Gene- and protein-
expression levels were measured using real-time polymerase chain
reaction and Western blot analysis, respectively. The results
showed that both 19(R)-HETE and 19(S)-HETE significantly de-
creased the metabolite formation rate of midchain HETEs, namely
8-, 9-, 12-, and 15-HETE, compared with control group, whereas

the level of 5-HETE was selectively decreased by S-enantiomer.
Moreover, both 19(R)-HETE and 19(S)-HETE significantly inhibited
the catalytic activity of CYP1B1 and decreased the protein expres-
sion of 5- and 12-lipoxygenase (LOX) as well as cyclo-oxygenase-2
(COX-2). Notably, the decrease in 15-LOX protein expression
was only mediated by 19(S)-HETE. Interestingly, both enantio-
mers protected against Ang II-induced cellular hypertrophy, as
evidenced by a significant decrease in mRNA expression of
b/a-myosin heavy chain ratio, atrial natriuretic peptide, and inter-
leukins 6 and 8. Our data demonstrated that S-enantiomer of
19-HETE preferentially protected against Ang II-induced cellular
hypertrophy by decreasing the level of midchain HETEs, inhibiting
catalytic activity of CYP1B1, decreasing protein expression of
LOX and COX-2 enzymes, and decreasing mRNA expression of
IL-6 and IL-8.

Introduction

Pathologic cardiac hypertrophy is considered a sign of poor prognosis
in several heart diseases and it typically predisposes to most phenotypes
of heart failure (Bernardo et al., 2010). The number of heart failure
patients is continuously increasing in North America. The most
up-to-date heart disease statistics showed that the number of the US
heart failure patients ($20 years of age) has risen from 5.7 million
(2009–2012) to 6.5 million (2011–2014) (Benjamin et al., 2017). In
Canada, approximately 600,000 people are living with heart failure and
it costs $2.8 billion per year in direct costs (Heart and Stroke Foundation,
2016). In addition to heart failure, left ventricular hypertrophy is not only
associated with myocardial infarction and arrhythmia but is also
considered a solid predictor of future cardiovascular mortality (Brown
et al., 2000; Elkhatali et al., 2015). Understanding conceptual aspects of
the pathogenesis of cardiac hypertrophy is considered research into an
important risk factor for heart failure and will enable the emergence of
novel therapeutic targets.
One of the mechanisms involved in the regulation of cardiac

hypertrophy is cytochrome P450 (P450) enzymes and their associated

arachidonic acid (AA) metabolites (Roman, 2002). For years, AA was
thought to be solely metabolized by cyclo-oxygenase (COX) and
lipoxygenase (LOX) enzymes via conversion of AA into prostaglandins
and leukotrienes (LTs), respectively (Chandrasekharan et al., 2016). In
the heart, discovery of a novel branch of AA metabolism through P450
enzymes led to special focus on the role of their biologically active
metabolites in multiple heart diseases (Westphal et al., 2015).
Cardiac P450 enzymes metabolize AA into three different metabolic

pathways (Fig. 1), allylic oxidation to produce midchain hydroxyeico-
satetraenoic acids (HETEs), namely 5-, 8-, 9-, 11-, 12-, and 15-HETE,
which are known to be cardiotoxic metabolites, and olefinic epoxidation
to form epoxyeicosatrienoic acids (EETs) exemplified as 5,6-, 8,9-,
11,12-, and 14,15-EET (Dhanasekaran et al., 2006; Elkhatali et al.,
2017). The last pathway is terminal/subterminal hydroxylation pro-
ducing terminal 20-HETE and subterminal 19-, 18-, 17-, and 16-HETE
(Elshenawy et al., 2013).
Among subterminal HETEs, 19-hydroxyeicosatetraenoic acid

(19-HETE) attracted the highest consideration as it represents the major
cardiac subterminal HETE (El-Sherbeni and El-Kadi, 2014). 19-HETE
acts as an endogenous antagonist of 20-HETE and inhibits its mediated
vasoconstrictor effects (Elshenawy et al., 2017). Additionally, acute
coronary syndrome patients with higher plasma levels of 19-HETE have
significantly better prognosis than those who have lower plasma levels
(Zu et al., 2016). In a pressure overload-induced cardiac hypertrophy
model, there was a significant decrease of the level of 19-HETE in
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ABBREVIATIONS: AA, arachidonic acid; Ang II, angiotensin II; ANOVA, one-way analysis of variance; ANP, atrial natriuretic peptide; COX-2, cyclo-
oxygenase-2; DMEM/F-12, Dulbecco’s modified Eagle’s medium/F-12; DMSO, dimethyl sulfoxide; EETs, epoxyeicosatrienoic acids; 19-HETE, 19-
hydroxyeicosatetraenoic acid; IL, interleukin; LOX, lipoxygenase; MROD, methoxyresorufin O-deethylase; a-MHC, a-myosin heavy chain; b-MHC,
b-myosin heavy chain; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; P450, cytochrome P450; SFM, serum-free medium.
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hypertrophied hearts compared with control group (El-Sherbeni and
El-Kadi, 2014). Furthermore, racemic mixture of (6)19-HETE provides
cardioprotection against angiotensin II (Ang II)-induced cardiac hyper-
trophy (Elkhatali et al., 2015).
19-HETE has R- and S-enantiomers and they showed different

activities in organs other than the heart. For instance, 19(S)-HETE
directly stimulates the activity of Na+-K+-ATPase renal proximal tubules
leading to stimulation of proximal tubule transport, whereas 19(R)-HETE
abolished 20-HETE-mediated inhibition of vasodilatory nitric oxide
formation in renal arteries (Cheng et al., 2008). The aims of this study
were to investigate the effects of 19(R)-HETE and 19(S)-HETE on
cardiac P450 enzymes as well as their associated AA metabolites,
elucidate the pathway involved, and examine whether both enantiomers
have a cardioprotective effect in an in vitromodel of cellular hypertrophy.

Materials and Methods

Materials. 19(R)- and 19(S)-HETEs, 15-HETE-D8 and 14, and 15-EET-D11
were purchased from Cayman Chemical (Ann Arbor, MI). Dulbecco’s modified
Eagle’s medium/F-12 (DMEM/F-12) and DMEM were Gibco brand (Thermo
Fisher Scientific, Grand Island, NY). TRIzol reagent was Invitrogen brand
(Thermo Fisher Scientific, Carlsbad, CA). High Capacity cDNA Reverse
Transcription Kit and SYBR Green PCR Master Mix were purchased from
Applied Biosystems (Foster City, CA). Real-time polymerase chain reaction
(PCR) primers were formulated by Integrated DNA Technologies (Coralville,
IA). Immun-Blot PVDF Membrane was purchased from Bio-Rad Laboratories
(Hercules, CA). GAPDH mouse monoclonal, 5-lipoxygenase (LOX) mouse
monoclonal, 12-LOX rabbit polyclonal, 15-LOX mouse monoclonal, and cyclo-
oxygenase-2 (COX-2) mouse monoclonal primary antibodies were purchased
from Santa Cruz Biotechnology (Dallas, TX), and CYP1B1, CYP2B6, CYP2C8,

and CYP4F2 rabbit polyclonal primary antibodies and CYP2J2 mouse mono-
clonal primary antibody were purchased from Abcam (Cambridge, UK).
CYP4F11 mouse monoclonal primary antibodies were purchased from Milli-
poreSigma (St. Louis, MO). Chemiluminescence Western blotting detection
reagents were obtained from GE Healthcare Life Sciences (Pittsburgh, PA). All
other chemicals used were obtained from Fisher Scientific Co. (Toronto, ON).

Cell Culture. Rat cardiomyoblast (H9c2) cell line and human cardiomyocyte
(RL-14) cells were obtained from American Type Culture Collection (Manassas,
VA). H9c2 cells weremaintained inDMEMcontaining 10% heat-inactivated fetal
bovine serum, and 1% penicillin-streptomycin. RL-14 cells were maintained in
DMEM/F-12, with phenol red supplemented with 12.5% fetal bovine serum,
20mML-glutamine, and 1% penicillin-streptomycin. Cells were grown in 75-cm2

cell culture flasks at 37�C in a 5% CO2 humidified environment.
Chemical Treatments. Cells were treated with vehicle [serum-free

DMEM/F12 containing 0.1% dimethyl sulfoxide (DMSO) for RL-14 cells
and serum-free DMEM containing 0.1% DMSO for H9c2 cells] or 20 mM
19(R)-HETE or 19(S)-HETE in serum-free medium (SFM) for the time indicated
for each experiment as described in the figure legends. 19(R)-HETE or
19(S)-HETE was supplied as a stock solution in DMSO and maintained in
DMSO at 220�C until use. The treatment of cells was carried out in the
corresponding culture media in 12-well cell culture plates for RNA assay and six-
well cell culture plates for protein and determination of AAmetabolites assays. To
investigate the effect of 19(R)-HETE or 19(S)-HETE on cardiac hypertrophic and
inflammatory markers, cells were treated with 10 mM Ang II in the absence and
presence of 20 mM 19(R)-HETE or 19(S)-HETE for 24 hours as described in the
figure legends. Ang II stock solution was prepared in saline and maintained
at 220�C until use. Diluted solutions of Ang II, 19(R)-HETE, or 19(S)-HETE
were freshly prepared in SFM before each experiment. In all experiments, the
DMSO concentration did not exceed 0.05% (v/v).

Cell Viability Analysis. The viability of H9c2 and RL-14 cells was measured
by the MTT assay. The assay depends on the ability of viable cells to reduce
tetrazolium dye MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

Fig. 1. Cytochrome P450-mediated arachidonic acid metabolism. Arachidonic acid is metabolized by different P450 families into midchain HETEs (5-, 8-, 9-, 11-, 12-, and
15-HETE), subterminal/terminal HETEs (16-, 17-, 18-, 19-, and 20-HETE), and EETs (5,6-, 8,9-, 11,12-, and 14,15-EET).
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bromide] to its insoluble colored formazan crystals. In brief, cells were seeded in
96-well plates, treated as indicated, incubated for 24 hours at 37�C in a 5% CO2

humidified incubator, incubated with 20 ml/well of MTT (1.2 mM) dissolved in
phosphate-buffered saline (pH 7.4) for 3 hours at 37�C, and then 150 ml/well of
isopropyl alcohol to dissolve the formazan for 10 minutes at room temperature.
The optical density was assessed at a wavelength of 550 nm using the Bio-Tek
Synergy H1 Hybrid Multi-Mode microplate readers (Bio-Tek Instruments,
Winooski, VT). The cell viability was presented as a percentage of the control
mean absorbance value.

Metabolism of AA by H9c2 and RL-14 Cells. To investigate the effect of
both enantiomers of 19-HETE on the AAmetabolites, H9c2 and RL-14 cells were
treated with vehicle or 20 mM 19(R)-HETE or 19(S)-HETE in SFM for 24 hours
and then the cells were incubated with 50 mM AA for 3 hours. Extraction of AA
metabolites was performed using ethyl acetate and dried using a speed vacuum
(Savant Instruments, Inc., Farmingdale, NY). The resultant extracted AA and its
metabolites were analyzed using liquid chromatography–electrospray ionization
mass spectrometry (LC-ESI-MS) (Waters Micromass ZQ 4000 spectrometer;
Waters Corporation, Milford, MA) method.

Apparatus and Chromatographic Conditions. The analysis of AA
metabolites was performed using LC-ESI-MS as previously described
(Elkhatali et al., 2017). In brief, the mode of the mass spectrometer was negative
ionization mode with single-ion monitoring: m/z = 319 for AA metabolites and
m/z = 327 and 330 for internal standards, 15-HETE-D8 and 14,15-EET-D11,
respectively. The nebulizer gas was supplied from an in-house nitrogen source
with high purity. The source was set to temperature of 150�C, and voltage of the
capillary and conewere 3.51 kV and 25V, respectively. A gradient separation was
performed on a reverse-phase C18 column (Alltima HP, 150 � 2.1 mm) at 35�C.
Themobile phase (A)was composed ofwater with 0.01% formic acid and 0.005%
triethylamine (v/v), whereas mobile phase (B) consisted of 8% methanol,
8% isopropanol, and 84% acetonitrile with 0.01% formic acid, and 0.005%
triethylamine (v/v). Sampleswere subjected to linear gradient elution at a flow rate

of 200 ml/min, as follows: 60%–48% in 4 minutes, held isocratically at 48% for
24 minutes, 48%–35% in 11 minutes, 35%–0% in 11 minutes, and finally held
isocratically at 0% for 7 minutes of mobile phase A.

RNA Extraction and cDNA Synthesis. RL-14 and H9c2 cells were seeded in
12-well plates and incubated with the test compounds for 24 hours. Afterward,
cells were collected and total RNAwas isolated using TRIzol reagent (Invitrogen)
according to the manufacturer’s instructions, and quantified by measuring the
absorbance at 260 nm as the purity was determined by measuring the 260/280
ratio (.1.8). Thereafter, first-strand cDNA synthesis was carried out using the
High-Capacity cDNAReverse Transcription Kit (Applied Biosystems) according
to the manufacturer’s instructions. Briefly, 1.5 mg of total RNA from each sample
was added to a mix of 2.0 ml of 10� Reverse Transcriptase buffer, Thermo Fisher
Scientific RT buffer, 0.8 ml of 25� dNTP mix (100 mM), 2.0 ml of 10� reverse
transcriptase random primers, 1.0 ml of MultiScribe reverse transcriptase,
and 4.2 ml of nuclease-free water. The final reaction mixture was kept at
25�C for 10 minutes, heated to 37�C for 120 minutes, heated for 85�C for
5 minutes, and finally cooled to 4�C.

Real-Time PCR for Quantification of mRNA Expression. Real-time PCR
was used to quantitatively analyze specific mRNA expression of different targets
by subjecting the resultant cDNA to PCR amplification using 96-well optical
reaction plates in the ABI Prism 7500 System (Applied Biosystems). The 25-ml
reaction mixture contained 0.1 ml of 10 mM forward primer and 0.1 ml of 10 mM
reverse primers (40 nM final concentration of each primer), 12.5 ml of SYBR
Green Universal Master mix, 11.05 ml of nuclease-free water, and 1.25 ml of
cDNA sample. Human primer sequences for CYP1B1, CYP2B6, CYP2C8,
CYP2J2, CYP4F2, CYP4F11, atrial natriuretic peptide (ANP), a-myosin heavy
chain (a-MHC), b-myosin heavy chain (b-MHC), 5-LOX, 12-LOX, 15-LOX,
COX-2, IL-6, IL-8, and b-actin as well as rat primer sequences for CYP1B1,
CYP2B2, CYP2C11, CYP2C23, CYP2J3, CYP4F4, CYP4F6, ANP, a-MHC,
b-MHC, 5-LOX, 12-LOX, 15-LOX, COX-2, IL-6, IL-8, and b-actin are listed in
Table 1. These primers were purchased from Integrated DNA Technologies

TABLE 1

Primer sequences used for real-time PCR reactions

Gene Forward Primer Reverse Primer

Human
CYP1B1 59-TTCGGCCACTACTCGGAGC-39 59-AAGAAGTTGCGCATCATGCTG-39
CYP2B6 59-TTAGGGAAGCGGATTTGTCTTG-39 59-GGAGGATGGTGAAGAAGAG-39
CYP2C8 59-CACCCAGAGGTCACAGCTAAAGT-39 59-CATGTGGCTCCTATCCTGCAT-39
CYP2J2 59-GAGCTTAGAGGAACGCATTCAG-39 59-GAAATGAGGGTCAAAAGGCTGT-39
CYP4F2 59-GAGGGTAGTGCCTGTTTGGAT-39 59-CAGGAGGATCTCATGGTGTCTT-39
CYP4F11 59-CATCTCCCGATGTTGCACG-39 59-TCTCTTGGTCGAAACGGAAGG-39
ANP 59-CAACGCAGACCTGATGGATTT-39 59-AGCCCCCGCTTCTTCATTC-39
a-MHC 59-GCCCTTTGACATTCGCACTG-39 59-GGTTTCAGCAATGACCTTGCC-39
b-MHC 59-TCACCAACAACCCCTACGATT-39 59-CTCCTCAGCGTCATCAATGGA-39
5-LOX 59-ACAAGCCCTTCTACAACGACT-39 59-AGCTGGATCTCGCCCAGTT-39
12-LOX 59-CTTCCCGTGCTACCGCTG-39 59-TGGGGTTGGCACCATTGAG-39
15-LOX 59-TGGAAGGACGGGTTAATTCTGA-39 59-GCGAAACCTCAAAGTCAACTCT-39
COX-2 59-CTGGCGCTCAGCCATACAG-39 59-CGCACTTATACTGGTCAAATCCC-39
IL-6 59-GGTACATCCTCGACGGCATCT-39 59-GTGCCTCTTTGCTGCTTTCAC-39
IL-8 59-CTCTTGGCAGCCTTCCTGATT-39 59-TATGCACTGACATCTAAGTTCTTTAGCA-39
b-actin 59-CTGGCACCCAGCACAATG-39 59-GCCGATCCACACGGAGTACT-39

Rat
CYP1B1 59-AATCCATGCGATTCACCAGC-39 59-TGTTTGAGGGCTCGTTTTGG-39
CYP2B2 59-CCATCCCTTGATGATCGTACCA-39 59-AATTGGGGCAAGATCTGCAAA-39
CYP2C11 59-CACCAGCTATCAGTGGATTTGG-39 59-GTCTGCCCTTTGCACAGGAA-39
CYP2C23 59-TTCGGGCTCCTGCTCCTTA-39 59-CGTCCAATCACACGGTCAAG-39
CYP2J3 59-CATTGAGCTCACAAGTGGCTTT-39 59-CAATTCCTAGGCTGTGATGTCG-39
CYP4F4 59-CAGGTCTGAAGCAGGTAACTAAGC-39 59-CCGTCAGGGTGGCACAGAGT-39
CYP4F6 59-CAGCTCAACTTCCCGCACA-39 59-AGGGTCATTTCCTTGGGTGC-39
ANP 59-GGAGCCTGCGAAGGTCAA-39 59-TATCTTCGGTACCGGAAGGTGT-39
a-MHC 59-TATGCTGGCACCGTGGACTA-39 59- GAGTTTGAGGGAGGACTTCTGG-39
b-MHC 59-AGCTCCTAAGTAATCTGTTTGCCAA-39 59-AAAGGATGAGCCTTTCTTTGCT-39
5-LOX 59-ACCAGTTCCTGAATGGCTGC-39 59-GGCTGCACTCCACCATTTCT-39
12-LOX 59-CCTGGTTCTGCAACCTCATCA-39 59-CTCAACATGACAAGAGGGGCA-39
15-LOX 59-GCTAACCCCATGGTGCTGAA-39 59-GGTGCAGGGTGCATTAGGAA-39
COX-2 59-CCAAACCAGCAGGCTCATACT-39 59-ATTCAGAGGCAATGCGGTTCT-39
IL-6 59-ATATGTTCTCAGGGAGATCTTGGAA-39 59-GTGCATCATCGCTGTTCATACA-39
IL-8 59-TGCCAAGGAGTGCTAAAGAAC-39 59-TCTCCACAACCCTCTGCACC-39
b-actin 59-CCAGATCATGTTTGAGACCTTCAA-39 59-GTGGTACGACCAGAGGCATACA-39
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(Coralville, IA). Analysis of the real-time PCR data was performed using the
relative gene expression (i.e.,DDCT)method. In short, the fold change in the level
of target genes between treated and untreated cells, corrected for the level of
b-actin, was determined using the following equation: fold change = 22 D(DCt),
whereDCt = Ct(target)2Ct(b-actin) andD(DCt) =DCt(treated)2DCt(untreated).
The thermal cycle parameters were as follow: initiation of the reaction at 95�C
for 10 minutes and 40 cycles of denaturation (95�C, 15 seconds) and combined
annealing/extension (60�C, 60 seconds).

Protein Extraction. Cells were grown in six-well plates and incubated with
the test compounds for 24 hours. Afterward, lysis buffer containing 50 mM
HEPES, 0.5M sodium chloride, 1.5mMmagnesium chloride, 1 mMEDTA, 10%
(v/v) glycerol, 1% Triton X-100, and 5 ml/ml of protease inhibitor cocktail was
used to collect the cells. The cell homogenates were prepared by incubating the
cell lysates on ice for 1 hour, with sporadic vortex every 10 minutes, followed by
centrifugation at 12,000g for 10minutes at 4�C. Supernatant of total cellular lysate
was collected and stored at 280�C. Afterward, the Lowry method was used to
determine concentration of protein by using bovine serum albumin as a standard
(Lowry et al., 1951).

Western Blot Analysis. Western blot analysis was carried out according to a
previously described assay (Mosli et al., 2015). In brief, total cell lysates (50 mg)
were separated by 10% SDS-PAGE and then samples underwent electrophoresis
at 120 V for 2 hours and separated proteins were transferred onto Immun-Blot
PVDFMembrane. Then, protein membranes were blocked overnight at 4�C using
blocking solution containing 0.15 M sodium chloride, 3 mM potassium chloride,
25 mMTris-base, 5% skimmilk, 2% bovine serum albumin, and 0.5% Tween 20.
After blocking, the blots were subjected to washing three times for 30 minutes
with Tris-buffered saline (TBS)-Tween-20. The blots were then incubated for
2 hours at 4�C with primary antibodies in TBS solution [0.05% (v/v) Tween-20,
0.02% sodium azide]. Incubation with a peroxidase-conjugated IgG secondary
antibodies in blocking solution was performed for 1 hour at room temperature.
Visualization of the bandswas carried out using the enhanced chemiluminescence
method according to the manufacturer’s instructions (GE Healthcare Life
Sciences). ImageJ software (National Institutes of Health, Bethesda, MD; http://
rsb.info.nih.gov/ij) was used to quantify the intensity of the protein bands in
relation to the signals acquired from (b-actin or GAPDH) loading control. Data,
given in the figures, are represented as relative protein intensity (%) + S.E.M., as
compared with control group.

Assessment of CYP1B1 Enzymatic Activity. Enzymatic activity of CYP1B1
was determined bymethoxyresorufinO-deethylase (MROD) assay, performed on
intact living RL-14 and H9c2 cells (Maayah et al., 2017). Briefly, the cells were
seeded in 24-well plates and test compounds and methoxyresorufin (5 mM) in
assay buffer (0.05 M Tris, 0.1 M NaCl, pH 7.8) were added. Instantly, an
initial fluorescence measurement (t = 0) at excitation/emission wavelengths
(535/585 nm), respectively, was carried out. Fluorescence of the samples was
recorded every 5-minute interval for 40 minutes using the Bio-Tek Synergy H1
Hybrid Multi-Mode microplate readers (Bio-Tek Instruments). The content of
each sample of resorufin formed was assessed by comparison with a standard
curve of known concentrations. The CYP1B1 enzymatic activity was normalized
to protein content in the cells, which was assessed using a fluorescence-based
protein assay (Lorenzen and Kennedy, 1993). The formation rate of resorufin was
represented as picomoles per minute per milligram protein.

Statistical Analysis. All results are presented as the mean 6 SEM. Multiple
group comparisons were carried out using one-way analysis of variance
(ANOVA) followed by the Student-Newman-Keuls as a post-hoc test. Differ-
ences between means were considered significant at P, 0.05. All analyses were
performed using SigmaPlot for Windows (Systat Software, San Jose, CA).

Results

Effect of 19(R)-HETE and 19(S)-HETE on Cell Viability. To
determine the maximum concentrations of both enantiomers of 19-HETE
that do not possess a toxic effect on the cells, human RL-14 and rat
H9c2 cells were treated for 24 hours with increasing concentrations of
19(R)-HETE or 19(S)-HETE ranging from 5 to 40 mM. Thereafter, cell
viability was assessed using the MTT assay. Figure 2 shows that both
enantiomers, over the concentration range used, did not significantly affect
the cell viability of the two cell lines (cell viability was above 90%).

Consequently, 20 mMwas selected to perform all subsequent experiments
in this study on the basis of these MTT assay results.
Effect of 19(R)-HETE and 19(S)-HETE on the Formation of

Midchain HETEs. To investigate the effect of both enantiomers of
19-HETE on the formation of AAmetabolites, RL-14 cells were treated for
24 hours with vehicle or 20 mM 19(R)-HETE or 19(S)-HETE. Thereafter,
the cells were incubated with 50 mM AA for 3 hours and AA metabolites
(midchain HETEs, EETs, and subterminal/terminal HETEs) were analyzed
using LC-ESI-MS. Figure 3A shows that treatment of RL-14 cells with
19(R)-HETE significantly decreased the level of 15-HETE, 11-HETE,
12-HETE, 8-HETE, and 9-HETE by approximately 21%, 28%, 25%, 22%,
and 25%, respectively, compared with control group with no significant

Fig. 2. Effect of 19(R)-HETE and 19(S)-HETE on cell viability in RL-14 and H9c2
cells. RL-14 (A) and H9c2 (B) cells were treated for 24 hours with 5–40 mM 19(R)-
HETE or 19(S)-HETE. Cell cytotoxicity was assessed using the MTT assay. Data are
presented as the percentage of control (set at 100%) 6 S.E.M. (n = 8). Data were
analyzed using one-way ANOVA followed by Student-Newman-Keuls as post-hoc test.
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effect on the level of 5-HETE. On the other hand, the S-enantiomer was
able to significantly decrease the level of all midchain HETEs, namely
15-HETE, 11-HETE, 12-HETE, 8-HETE, 9-HETE, and 5-HETE, by
approximately 19%, 29%, 24%, 25%, 29%, and 31%, respectively,
compared with control. To confirm the results in another species, we used
rat H9c2 cells. The results showed that both 19(R)-HETE and 19(S)-HETE
significantly decreased the level of midchain HETEs, namely 15-HETE,
12-HETE, 8-HETE, and 5-HETE by approximately 42%, 35%, 37%, 33%,
and 44%, 39%, 39%, 35%, respectively (Fig. 3B).
Effect of 19(R)-HETE and 19(S)-HETE on the Formation of

EETs and Subterminal/Terminal HETEs. The decrease in the
formation of midchain HETEs prompted us to examine the effect of
both enantiomers of 19-HETE on other AA metabolites, such as EETs
and subterminal/terminal HETEs. Our results showed that treatment of
RL-14 cells with vehicle or 20 mM 19(R)-HETE or 19(S)-HETE for
24 hours did not significantly alter the formation rate of EETs (Fig. 4A),

namely 14,15-EET, 11,12-EET, 8,9-EET, and 5,6-EET or subtermi-
nal/terminal HETEs (Fig. 4B), specifically 16-HETE, 17-HETE,
18-HETE, and 20-HETE compared with control group.
Effect of 19(R)-HETE and 19(S)-HETE on the mRNA and

Protein Expression of Cytochrome P450 Epoxygenases and
Hydroxylases. To elucidate the mechanism by which both enantiomers
of 19-HETE decrease the formation of midchain HETEs, the three
pathways involved in midchain HETE formation were further in-
vestigated. The first pathway involves P450 enzymes such as epox-
ygenases, hydroxylases, and CYP1B1. The effect of 19(R)-HETE and
19(S)-HETE on P450 epoxygenases (CYP2B6, CYP2C8, and CYP2J2)
and P450 hydroxylases (CYP4F2 andCYP4F11)was assessed (inRL-14
cells) by mRNA expression level using real-time PCR and by protein
expression level using Western blot analysis. Regarding P450 epox-
ygenases, the results showed that both enantiomers of 19-HETE have no
significant effect on CYP2B6, CYP2C8, or CYP2J2 on mRNA
(Fig. 5A) or protein expression (Fig. 5B) level compared with control
group. On the other hand, the S enantiomer of 19-HETE significantly

Fig. 4. Effect of 19(R)-HETE and 19(S)-HETE on EETs and subterminal/terminal
HETEs levels in RL-14 cells. RL-14 cells were treated for 24 hours with 20 mM
19(R)-HETE or 19(S)-HETE. (A) 5,6-, 8,9-, 11,12-, and 14,15-EET and (B) 20-, 18-,
17-, and 16-HETE metabolites were measured using LC-ESI-MS. The results are
presented as the mean and S.E.M. (n = 6). Data were analyzed using one-way
ANOVA followed by Student-Newman-Keuls as post-hoc test.

Fig. 3. Effect of 19(R)-HETE and 19(S)-HETE on midchain HETE level in RL-14
and H9c2 cells. RL-14 (A) and H9c2 (B) cells were treated for 24 hours with 20 mM
19(R)-HETE or 19(S)-HETE. 5-, 8-, 9-, 11-, 12-, and 15-HETE metabolites were
measured using LC-ESI-MS. The results are presented as the mean and S.E.M. (n =
6). Data were analyzed using one-way ANOVA followed by Student-Newman-
Keuls as post-hoc test. *P , 0.05 significantly different from control group.
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increased CYP4F2 and CYP4F11 mRNA expression level by 81% and
82%, respectively (Fig. 6A). In agreement with the mRNA expression
results, Western blot analysis showed that the protein expression levels
of CYP4F2 and CYP4F11 were also increased by 19(S)-HETE by
82.7% and 68.3%, respectively (Fig. 6B).

Effect of 19(R)-HETE and 19(S)-HETE on the mRNA, Protein
Expression, and Enzymatic Activity of CYP1B1. The effect of both
enantiomers of 19-HETE on CYP1B1 was determined at three levels:
First was mRNA expression level, and the results showed that R- and
S-enantiomers of 19-HETE did not significantly affect CYP1B1 mRNA
expression compared with control group in RL-14 and H9c2 cells
(Fig. 7A). In agreement with the mRNA results, Western blot analysis
showed that protein expression of CYP1B1 was not significantly altered
by treatment with both enantiomers compared with control group in both
cell lines, RL-14 and H9c2 cells (Fig. 7B). To examine the effect of
both enantiomers on the functional catalytic activity of CYP1B1,
MROD assay was carried out. Figure 7C shows that, in RL-14 cells,
19(R)-HETE, and 19(S)-HETE significantly decreased the formation of

Fig. 5. Effect of 19(R)-HETE and 19(S)-HETE on mRNA and protein expression of
CYP2B6, CYP2C8, and CYP2J2 in RL-14 cells. RL-14 cells were treated for
24 hours with 20 mM 19(R)-HETE or 19(S)-HETE. CYP2B6, CYP2C8, and
CYP2J2 mRNA (A) and protein (B) expression levels were determined using real-
time PCR and Western blot analysis, respectively. For real-time PCR, total RNA
was isolated using TRIzol reagent, the mRNA level was quantified, and its level was
normalized to b-actin housekeeping gene. For Western blot analysis, protein levels
were detected using the enhanced chemiluminescence method. The intensity of the
protein band was normalized to the signals obtained for b-actin protein and
quantified using ImageJ. The results are presented as the mean and S.E.M. of at least
three individual experiments. Data were analyzed using one-way ANOVA followed
by Student-Newman-Keuls as post-hoc test.

Fig. 6. Effect of 19(R)-HETE and 19(S)-HETE on mRNA and protein expression of
CYP4F2 and CYP4F11 in RL-14 cells. RL-14 cells were treated for 24 hours with
20 mM 19(R)-HETE or 19(S)-HETE. CYP4F2 and CYP4F11 mRNA (A) and
protein (B) expression levels were determined using real-time PCR and Western blot
analysis, respectively. For real-time PCR, total RNA was isolated using TRIzol
reagent, the mRNA level was quantified, and its level was normalized to b-actin
housekeeping gene. For Western blot analysis, protein levels were detected using the
enhanced chemiluminescence method. The intensity of the protein band was
normalized to the signals obtained for b-actin protein and quantified using
ImageJ. The results are presented as the mean and S.E.M. of at least three individual
experiments. Data were analyzed using one-way ANOVA followed by Student-
Newman-Keuls as post-hoc test. *P , 0.05 significantly different from control
group.
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resorufin by approximately 80% and 85%, respectively, compared with
control group. To confirm this result in a different cell line, H9c2 cells
were used. The results showed that both R and S enantiomers
significantly decreased the resorufin formation by approximately 82%
and 85%, respectively (Fig. 7C).
Effect of 19(R)-HETE and 19(S)-HETE on 5-LOX, 12-LOX,

15-LOX, and COX2 Protein Expression Levels. To investigate the
other two pathways involved in the formation of midchain HETEs,
protein expression levels of 5-LOX, 12-LOX, 15-LOX, and COX-2
were assessed usingWestern blot analysis. For this purpose, RL-14 cells
were treated with both enantiomers for 24 hours and the results showed
that both R and S enantiomers of 19-HETE were able to significantly
decrease the protein expression levels of 5-LOX, 12-LOX (Fig. 8A), and
COX-2 (Fig. 8B) by approximately 29% and 44%, 59% and 50%, and
54% and 74%, respectively, compared with control group. It is worth
noting that 15-LOX protein expression level was selectively decreased
by the S enantiomer of 19-HETE by approximately 45%, compared
with control group (Fig. 8A). To further confirm the data obtained
from RL-14 cells, rat cardiomyoblast H9c2 cells were treated with
19(R)-HETE and 19(S)-HETE for 24 hours. The results showed that

both enantiomers significantly decreased protein expression levels of
5-LOX, 12-LOX, and 15-LOX by approximately 53% and 64%, 82%
and 91%, and 53% and 42%, respectively, compared with control group
(Fig. 8A). Furthermore, 19(R)-HETE and 19(S)-HETE significantly
decreased COX-2 protein expression level by approximately 75% and
58%, respectively, compared with control group (Fig. 8B).
Effect of 19(R)-HETE and 19(S)-HETE on Ang II-Induced

Cellular Hypertrophy. To investigate the effect of 19(R)-HETE and
19(S)-HETE on the development of cellular hypertrophy, the cells were
treated with Ang II in the absence and presence of both enantiomers of
19-HETE. The results showed that treatment of cells with 10 mMAng II
for 24 hours caused cellular hypertrophy as evidenced by a significant
increase in b/a-MHC ratio and ANP by approximately 80% and 75%,
respectively in RL-14 cells, compared with control group (Fig. 9A). Of
interest, both R and S enantiomers of 19-HETE significantly attenuated
Ang II-mediated increase of b/a-MHC ratio and ANP to nearly control
level. Furthermore, treatment of H9c2 cells with 10 mM Ang II for
24 hours significantly increased b/a-MHC ratio and ANP mRNA
expression by approximately 97% and 100%, respectively, compared
with control group. On the other hand, 19(R)-HETE and 19(S)-HETE

Fig. 7. Effect of 19(R)-HETE and 19(S)-HETE on mRNA expression, protein expression levels, as well as catalytic activity of CYP1B1 in RL-14 and H9c2 cells. RL-14 and
H9c2 cells were treated for 24 hours with 20 mM 19(R)-HETE or 19(S)-HETE. CYP1B1 mRNA expression (A), protein expression levels (B), and catalytic activity (C) were
determined using real-time PCR, Western blot analysis, and MROD assay, respectively. For real-time PCR, total RNA was isolated using TRIzol reagent, the mRNA level
was quantified, and its level was normalized to b-actin housekeeping gene. For Western blot analysis, protein levels were detected using the enhanced chemiluminescence
method. The intensity of protein band was normalized to the signals obtained for b-actin or GAPDH protein and quantified using ImageJ. The results are presented as the
mean and S.E.M. on the basis of at least three individual experiments. Data were analyzed using one-way ANOVA followed by Student-Newman-Keuls as post-hoc test.
*P , 0.05 significantly different from control group.
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were efficient in significantly returning hypertrophic markers to almost
control levels. These results provide substantial evidence that bothR and
S enantiomers of 19-HETE protect against Ang II-induced cellular
hypertrophy (Fig. 9B).
Effect of 19(R)-HETE and 19(S)-HETE on Ang II-Mediated

Increase of LOXs, COX-2, and Proinflammatory Cytokines at
mRNA Level. To investigate whether 19(R)-HETE and 19(S)-HETE

have the capacity to prevent Ang II-mediated induction of LOXs,
COX-2, and proinflammatory cytokines, mRNA expression of these
markers was determined using real-time PCR. The results showed that
treatment of RL-14 cells with 10 mM Ang II for 24 hours significantly
increased themRNA expression level of 5-LOX, 12-LOX, 15-LOX, and
COX-2 by approximately 93%, 60%, 100%, and 114%, respectively,
compared with control group (Fig. 10, A and B). Interestingly, R- and

Fig. 8. Effect of 19(R)-HETE and 19(S)-HETE on protein expression level of 5-LOX, 12-LOX, 15-LOX, and COX-2 in RL-14 and H9c2 cells. RL-14 and H9c2 cells were
treated for 24 hours with 20 mM 19(R)-HETE or 19(S)-HETE. 5-LOX, 12-LOX, 15-LOX (A) and COX-2 (B) protein expression level were determined using Western blot
analysis. Protein levels were detected using the enhanced chemiluminescence method. The intensity of the protein band was normalized to the signals obtained for b-actin or
GAPDH protein and quantified using ImageJ. The results are presented as the mean and S.E.M. on the basis of at least three individual experiments. Data were analyzed
using one-way ANOVA followed by Student-Newman-Keuls as post-hoc test. *P , 0.05 significantly different from control group.
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S-enantiomers of 19-HETE significantly prevented the Ang II-mediated
induction of mRNA expression of these enzymes to nearly control
levels, whereas the mRNA expression of 15-LOX was decreased to
control level solely by the S enantiomer (Fig. 10, A and B). Furthermore,
H9c2 cells were used to confirm the results obtained from RL-14 cells
and the data showed that Ang II significantly increased the mRNA
expression level of 5-LOX, 12-LOX, 15-LOX, and COX-2 by
approximately 150%, 83%, 100%, and 81%, respectively, compared
with control group (Fig. 10, A and B). On the other hand, treatment
of H9c2 with 19(R)-HETE and 19(S)-HETE completely prevented
the Ang II-mediated induction of LOXs and COX-2 at the mRNA
expression level.

Treatment of RL-14 cells with 10 mM Ang II for 24 hours
significantly increased the gene expression of both IL-6 and IL-8 by
approximately 98% and 76%, respectively, compared with control
group (Fig. 10C). On the other hand, R and S enantiomers reduced the
Ang II-mediated induction of these two genes. 19(R)-HETE was able
to partially decrease the mRNA expression level of IL-6 and IL-8 by
approximately 47% and 39%, respectively, compared with Ang
II-treated group. Interestingly, 19(S)-HETE reduced mRNA expres-
sion of IL-6 and IL-8 to nearly control level. To further confirm our
results, H9c2 cells were used to represent another species. The results
show that both enantiomers were able to decrease the Ang II-mediated
induction of IL-6 and IL-8 gene expression to almost control levels
(Fig. 10C).

Discussion

Recent studies provide strong evidence that P450 enzymes and their
AA metabolites play differential roles in most cardiac diseases; some of
these metabolites are cadiotoxic, others showed cardioprotective effects
(Westphal et al., 2015; Zu et al., 2016). One group of AA metabolites
that have not been fully studied with respect to cardiac hypertrophy
is subterminal HETEs, specifically 16-, 17-, 18-, and 19-HETE.
Each member of subterminal HETEs has two enantiomers: R- and
S-enantiomers. Various enantiomers of a chiral drug may differ in such
properties such as drug absorption, metabolism, P450 induction, or
inhibition and excretion (Campo et al., 2009). Among the subterminal
HETEs, 19-HETE, is considered the main subterminal HETEs in the
heart and has been given the keenest attention (El-Sherbeni and El-Kadi,
2014). Therefore, in the present study, we examined the effects of R and
S enantiomers of 19-HETE on cardiac P450 enzymes and their
associated AA metabolites (subterminal/terminal HETEs, midchain
HETEs, and EETs). Since there was no change in the level of AA
metabolites except for midchain HETEs, we characterized the three
different pathways involved in the formation of midchain HETEs and
tested whether R- or S-enantiomers have cardioprotective effect against
Ang II-induced cellular hypertrophy.
To determine the nontoxic concentration of both enantiomers that

would be used in the present study, we examined the effect of increasing
concentrations of both enantiomers on cell viability. On the basis of
MTT assay results as well as our previously published study, a
concentration of 20 mM R- and S-enantiomers was selected for further
investigation (Elkhatali et al., 2015). The novel finding of the present
study is that both 19(R)-HETE and 19(S)-HETE significantly decreased
the metabolite formation rate of most midchain HETEs, whereas the
level of 5-HETE was selectively decreased by the S-enantiomer. Several
pieces of evidence strongly suggest the role of midchain HETEs in the
pathogenesis of cardiac hypertrophy. It has been reported that 15-HETE
is able to increase the sensitivity of isoproterenol-induced b-adrenergic
response in rat neonatal cardiomyocytes. In addition, 5-, 12-, and
15-HETE were able to induce cellular hypertrophy in human ventricular
cardiomyocyte RL-14 cells through mitogen-activated protein kinase
(MAPK)– and nuclear factor kB–dependent pathways (Zhang et al.,
2014; Maayah and El-Kadi, 2016a).
The concentration of AA used in the present study was chosen

because the intracellular concentration of unesterified AA is widely
believed to be in the micromolar range, on the basis of reports in which
the total concentration of unesterified AA was determined in different
tissues. For example, AA concentration has been reported as 13–44 mM
in umbilical cord and intervillous space (Benassayag et al., 1997), 18.9
mg/g (approximately equivalent to 60 mM) in skin (Hammarström et al.,
1975), and 75 mg/g (approximately equivalent to 250 mM) in liver
(Edpuganti and Mehvar, 2014). Therefore, 50–100 mMAAwas used in

Fig. 9. Effect of 19(R)-HETE and 19(S)-HETE on Ang II-mediated induction of
hypertrophic markers in RL-14 and H9c2 cells. RL-14 (A) and H9c2 (B) cells were
treated for 24 hours with vehicle or 10 mM Ang II in the absence and presence of
20 mM 19(R)-HETE or 19(S)-HETE. Total RNA was isolated using TRIzol, the
mRNA expression levels of b-MHC/a-MHC and ANP were assessed using real
time-PCR, and their levels were normalized to b-actin housekeeping gene. The
results are presented as the mean and S.E.M. on the basis of at least three individual
experiments. Data were analyzed using one-way ANOVA followed by Student-
Newman-Keuls as post-hoc test. +P , 0.05 significantly different from control
group. *P , 0.05 significantly different from Ang II-treated group.
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Fig. 10. Effect of 19(R)-HETE and 19(S)-HETE on Ang II-mediated induction of LOXs, COX-2, and proinflammatory cytokine mRNA expression in RL-14 and H9c2 cells.
RL-14 and H9c2 cells were treated for 24 hours with vehicle or 10 mM Ang II in the absence and presence of 20 mM 19(R)-HETE or 19(S)-HETE. Total RNA was isolated
using TRIzol, the mRNA expression levels of LOXs (A), COX-2 (B), and interleukins (C) were assessed using real time-PCR, and their levels were normalized to b-actin
housekeeping gene. The results are presented as the mean and S.E.M. on the basis of at least three individual experiments. Data were analyzed using one-way ANOVA
followed by Student-Newman-Keuls as post-hoc test. +P, 0.05 significantly different from control group. *P, 0.05 significantly different from Ang II-treated group. #P,
0.05 significantly different from 19(R)-HETE-treated group.
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several published studies that used AA and P450 incubation experiments
(Xu et al., 2004; Imaoka et al., 2005).
Inhibiting the formation of 5-HETEmetabolite significantly protected

against Ang II-induced cardiac hypertrophy in mice suggesting that
inhibiting its formation could be a novel strategy to treat cardiac
hypertrophy (Revermann et al., 2011). The results of the present study
highlight the preferential effect of the S-enantiomer of 19-HETE in
decreasing the formation of 5-HETE.
To determine the pathway that is involved in the decrease in the level of

midchain HETEs, three pathwayswere examined in this study. In the heart,
midchain HETEs are formed through three different metabolic pathways
(Konkel and Schunck, 2011). The first metabolic pathway is P450
enzymes, particularly CYP1B1. CYP1B1 is constitutively expressed in
the cardiac tissue, and several reports have confirmed the association
between this enzyme and cardiovascular disease states (Zordoky and
El-Kadi, 2008; Chung et al., 2012). For example, blood pressure elevation
induced by Ang II was reduced in Cyp1b1-null mice compared with wild-
type mice (Jennings et al., 2010). Protein expression and catalytic activity
of CYP1B1 were significantly increased in three different experimental
models of cardiac hypertrophy, including pressure overload-induced,
isoproterenol-induced, and Ang II-induced cardiac hypertrophy (Jennings
et al., 2010; El-Sherbeni and El-Kadi, 2014; Maayah et al., 2017).
Recently, we demonstrated that 2-methoxyestradiol, a selective CYP1B1
inhibitor, protected against pressure overload-induced left ventricular
hypertrophy in rats (Maayah et al., 2018).
One of the important findings of the present study is that both

enantiomers of 19-HETE significantly inhibited CYP1B1 catalytic
activity in both cell lines (RL-14 and H9c2) without altering its mRNA
or protein levels, suggesting direct inhibition of its catalytic activity (Li
et al., 2017). Interestingly, 19(S)-HETE selectively induced the mRNA
and protein expression levels of CYP4F2 and CYP4F11, which have
been reported to be involved in the degradation of midchain HETEs
(Maayah and El-Kadi, 2016b). It is important to mention that CYP4F2
and CYP4F11 are involved in 20-HETE as well as 19-HETE formation
in human. Therefore, our data suggest that 19(S)-HETE may inhibit
the catalytic activity of 20-HETE-forming enzymes (CYP4F2 and
CYP4F11), which may explain the unchanged level of 20-HETE. These
data were substantiated by the fact that 19-HETE is a well known
endogenous antagonist of 20-HETE which may explain the cardiopro-
tective effect of 19(S)-HETE (El-Sherbeni and El-Kadi, 2016). On the
other hand, both enantiomers did not affect CYP2B6, CYP2C8, or
CYP2J2 at gene or protein expression levels. This was further supported
by the unchanged metabolite formation rate of EETs, the major products
of these enzymes (Zhou et al., 2018).
The other two pathways that are involved in the formation of

midchain HETEs are LOX and COX-2 enzymes. 5-LOX, 12-LOX,
and 15-LOX enzymes metabolize AA to produce 5-, 12-, and 15-HETE,
respectively (Porro et al., 2014; Radmark et al., 2015; Mao et al., 2016).
In addition, it has been reported that minor quantities of midchain
HETEs are produced by COX-2 enzyme (Bai and Zhu, 2008). Several
studies have highlighted the role of LOXs in the pathogenesis of
cardiovascular diseases including stroke, atherosclerosis, and myocar-
dial infarction (Pergola and Werz, 2010). For instance, products of the
LOXs pathway are involved in cell proliferation regulation and cell
survival. Cardiovascular events such as coronary artery vasoconstriction
leading to compromised ventricular contraction, decrease in blood flow
to coronary arteries, and depressed cardiac output have also been
associated with different metabolites of these enzymes (Vila, 2004;
Werz and Steinhilber, 2006). 15-LOX was involved in the pathogenesis
of Ang II-induced cardiac hypertrophy in mice. Treatment with
the15-LOX inhibitor baicalein showed cardioprotective effect through
inhibition of 15-LOX (Wang et al., 2015). Furthermore, COX-2 enzyme

activation leads to cardiac cell death, decrease in myocardial function,
and consequent heart failure (Lamon et al., 2010).
In the present study, S-enantiomer of 19-HETE selectively decreased

the protein expression level of 15-LOX in human cardiomyocytes,
whereas 5-LOX, 12-LOX, and COX-2 protein expressionwas decreased
by both enantiomers in RL-14x and H9c2 cells. To the best of
our knowledge, this is the first study to reveal how 19(R)-HETE and
19(S)-HETE modulate P450, LOXs, and COX-2 enzymes in cardiac
cells. The ability of 19(S)-HETE to inhibit CYP1B1, LOXs, and
COX-2 pathways and their associated proinflammatory metabolites is
of significant benefit in designing novel therapeutic modalities for
cardiac hypertrophy.
In the present study, both enantiomers of 19-HETE protected against

Ang II-induced cellular hypertrophy as evidenced by a substantial
decrease in b-MHC/a-MHC ratio and ANP mRNA expression, in
RL-14 and H9c2 cells. The protective effect of each enantiomer of
19-HETE against cellular hypertrophy has never been reported before;
however, we have previously demonstrated that a racemic mixture of
19-HETE protected against Ang II-induced cardiac hypertrophy
(Elkhatali et al., 2015).
In the present study, both enantiomers of 19-HETE inhibited Ang

II-mediated increase of both IL-6 and IL-8 compared with the control
group, with preferential effect of the S-enantiomer. Interleukins are
group of cytokines that have a central role in pathogenesis of cardiac
hypertrophy. IL-6 and IL-8 are considered the main hypertrophic
cytokines that mediate their effects through Janus kinase/signal
transducers and activators of transcription, MAPK, and PI3K pathways
(Rohini et al., 2010). IL-8 was significantly higher in the thoracic aorta
of spontaneously hypertensive rats compared with normotensive rats.
This finding suggests that IL-8 plays an important role in the
pathogenesis of hypertension and cardiac hypertrophy (Apostolakis
et al., 2009). Treatment of hypertensive rats with reparixin, an IL-8
receptor inhibitor, caused a significant reduction in blood pressure
(Martynowicz et al., 2014).
In summary, our data demonstrate that both enantiomers of 19-HETE

protected against Ang II-induced cardiac hypertrophy by decreasing the
level of midchain HETEs, inhibiting the catalytic activity of CYP1B1,
decreasing the protein expression level of LOX and COX-2 enzymes,
and decreasing the mRNA expression level of proinflammatory markers
IL-6 and IL-8. It is noteworthy that the S-enantiomer demonstrated more
protection than the R-enantiomer, reflected in its ability to decrease the
level of 5-HETE, decrease the protein expression of 15-LOX, increase
the protein expression level of CYP4F2 and CYP4F11, and exert
preferential effect on IL-6 and IL-8 compared with the R-enantiomer.
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