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ABSTRACT

Background: Cytochrome P450 (CYP) epoxygenase metabolise arachidonic
acid (AA) into four epoxyeicosatrienoic acids (EETs) 5,6- EETs, 8,9 EETs,
11,12-EETs and 14,15-EETs. Since, EETs are unstable eicosanoids they
rapidly get converted into dihydroxy eicosa trienoicacids (DHETs) by
Soluble epoxy hydrolase (sEH). These eicosanoids promote defence
mechanism against inflammatory atherosclerosis process. However, 11,12-
EETs are more potent eicosanoids in maintaining anti-atherosclerotic
activity. Endothelial dysfunction is the key step in the pathogenesis of
atherosclerosis. Polymorphism in CYP epoxygenase can alter individual’s
risk for events in coronary artery disease (CAD) patients. Therefore, we
examined the impact of CYP epoxygenase polymorphism indirectly through
evaluation of 11,12-DHET levels and its association with endothelial
dysfunction.

Methods: It is a prospective case-control study consisting of 84 acute
coronary syndrome (ACS) patients and 84 healthy controls of either gender
aged above 18 years. Fasting serum lipid profile including total cholesterol
(TC), high density lipid (HDL), triglycerides (TG) and homocysteine levels
were measured in all subjects. We measured plasma 11,12-
dihydroxyeicosatrienoic acid (11,12-DHET) as indicative of 11,12-EETs.
Genotyping of CYP putative exons of CYP2C9, CYP2C19 and CYP2]2
epoxygenase were carried out by Polymerase Chain Reaction-Single Strand
Conformation Polymorphism (PCR-SSCP) method. Sanger’s chain
termination sequencing method was carried out for SSCP positive samples.
All the data obtained were analysed by using Ms-Excel, 2007 and SPSS,
version 24.Software, IBM, USA.

Results: We observed significantly higher levels of homocysteine in CAD
group (35.1 £ 13.8 pmol/L) indicating higher inflammatory condition in
patients compared to control group (8.1 + 2.9 umol/L, p < 0.001). We also
found higher 11,12-DHET levels in CAD group (628.6 + 324.3 pg/mL)
compared to healthy controls (332.1 pg/mL *+ 203.2 pg/mL, p = 0.0001). In
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this connection, we observed positive correlation between homocysteine
levels and 11,12- DHETSs in CAD group (p = 0.01). Genotyping of CYP exons
revealed 11 patients (13%) reporting 12 single nucleotide polymorphisms
(SNPs). We found significant difference in the levels of 11,12- DHETs
between the patients reporting CYP polymorphism and patients without
CYP polymorphism compared with the control (p<0.001). Further, we
observed negative correlation between homocysteine levels and 11,12-
DHETSs in CAD patients reporting CYP polymorphisms indicating decline of
DHET mediated anti-atherosclerotic activity

Conclusions: Presence of lower levels of 11,12- DHETSs is a reflection of
poor reserve defence mechanism in CAD patients that might cause
endothelial dysfunction and risk of cardiac events. Therefore, genotyping of
CYP2C9, CYP2C19 and CYP2]2 genes can be recommended to be used as
prognostic marker for risk stratification in CAD patients.

Keywords: Polymorphism, Cytochrome P450 epoxygenase, Endothelial

function and Acute coronary syndrome patients.

INTRODUCTION

Despite the advancements in medical therapies for the
past one decade, coronary artery disease (CAD) is still
the leading cause of cardiovascular morbidity and
mortality worldwide (Oni-Orisan et al., 2014). CAD is a
heterogenic, multi-factorial disease and varies with
different ethnic populations. There is an exponential
increase in the incidence of CAD in all age groups which
may be attributed to genetic predisposition besides
common risk factors (Prakash and Vibhuti, 2005). It is
noteworthy that CAD patients are prone for cardiac
events depending upon patient’s individual risk. Most of
the risk factors such as diabetes mellitus, hypertension,
smoking and genetic defects for CAD are reported to act
through atherosclerosis process (Widlansky ef al., 2003).
In human cardiovascular system, nitric oxide (NO) is a
powerful vasodilator that prevents the vascular damage.
However, when coronary endothelium is exposed to risk
factors, NO production gets impaired (Toth, 2008 ;
Packard and Libby, 2008 ). Endothelial dysfunction is the
key process that precedes the development of CAD
through atherosclerosis process. It can be characterised
as an imbalance between the humoral and cellular
factors that distract the structure and function of
coronary wall (Petrak et al., 2006).Therefore in order to
maintain vascular homeostasis, coronary endothelium
expresses Cytochrome P450 (CYP) that metabolises
arachidonic acid (AA) to produce potent
epoxyeicosatrienoic acids (EETs).These eicosanoids
exert anti-inflammatory activity on vascular system and
promote artery dilation, angiogenesis and protect
ischemic myocardium (Hadi et al., 2005). Most of the

risk factors for cardiovascular disease such as
hypertension, dyslipedemia, hyperglycemia, smoking
and obesity can be controlled and treated through
amelioration of endothelial function. A detailed review
on atherosclerosis process reveals the importance of
novel risk factors and genetic predisposition that has
further broadened our understanding of the
pathogenesis of atherosclerosis (Singh et al., 2002). In
this context, genetic factors have also been increasingly
recognised as important contributors for risk
stratification and patient prognostication. Thus, it is
necessary to study molecular mechanisms involved in
genetic predisposition that may pave way for selecting
optimal therapies and prevention of complications in
CAD patients (Roberts and Stewart, 2012). Therefore, we
sought to evaluate the effect of CYP polymorphism and
its association with endothelial dysfunction in patients
with coronary artery disease.

METHODS

Study population

It is a single center, prospective case-control study.
Eighty four patients diagnosed with acute coronary
syndromes, ST - elevation myocardial infarction
(STEMI), Non - ST elevation myocardial infarction
(NSTEMI) and unstable angina (UA) were recruited in to
study from department of cardiology, Sri Venkateswara
Institute of Medical Sciences, Tirupati, Andhra Pradesh,
India and consequently 84 healthy volunteers without
any reported cardiovascular risk factors were also
included in the study.
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Ethical Clearance

This study followed the ethical guidelines and it was
approved by the Institutional ethical committee (IEC),
EC Regn. No. ECR/488/Inst/AP/2013 with IEC approval
no. 407. Oral and written informed consent was
obtained from all the study participants.

Sampling

All the study participants were recruited between
November 2015 and June 2016. Sampling was done on
2nd day of myocardial infarction (MI) from all the study
patients. Similarly, sampling was carried out from
healthy volunteers at 12 hours fasting state. Six
millilitres (mL) of peripheral venous blood was collected
from all the subjects and aliquated into separate sterile
labelled vials for biochemical and genetic analysis. All
the separated serum, plasma and whole blood samples
were stored at -40°C until analysis.

Biochemical analysis
Fasting total cholesterol
cholesterol ~ (HDL-C),
homocysteine were

(TC), high density lipid-
triglycerides  (TG) and
evaluated in all the study
participants using appropriate commercially available
kits on DXC600 Beckmann auto analyser.

Measurement of plasma 11,12-DHET levels

We measured plasma 11,12-DHET forms as a
representative of 11,12-EETs (unstable). Anti-11,12-
DHET competitive ELISA kit from Detroit R&D,Inc., USA
(Yang et al.,2013) was used to quantify 11,12-DHETSs of
both the groups. Plasma samples were processed as per
the manufacturer’s instruction manual. One mL of
plasma and 1mL ethyl acetate were mixed thoroughly
and centrifuged at 2000 rpm for 10 min. The resultant
upper organic phase were collected and allowed to
evaporate and dry up at room temperature. Dried
sample was dissolved in 2 mL of 20% potassium
hydroxide (KOH) and incubated for 1 hour at 50° C. The
pH was adjusted to approximately 5.5 with the help of
formic acid. An equal volume of ethyl acetate was added
to the mixture and centrifugation was repeated. The
resultant organic phase was collected and dried up at
room temperature. The dried pellet was reconstituted
with 20 pL of ethyl alcohol for competitive enzyme
assay.

Evaluation of CYP Polymorphism

Total genomic DNA of both the study group participants
was extracted from ethylenediamine tetraacetic acid
(EDTA) treated whole blood sample by using a standard
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phenol-chloroform extraction method (Miller et al.,
1988). Genotyping was performed by polymerase chain
reaction - single strand confirmation polymorphism
(PCR-SSCP) technique. PCR amplification of three CYP
exons, exon 3 of CYP2C9, exon 5 of CYP2C19 and exon 4
of CYP2]J2 genes were carried out with the help of
suitable primers designed by using primer3 online
software tool (Table 1). PCR reaction mixture contained
a final volume of 50pl, and consisted of 100umol
concentration of each primer, 100pumol of dNTPs mix,
10mM Tris-HCI (pH 8.8), 1.5 mM MgClz, 1U of Taq DNA
Polymerase and 0.50pg of genomic DNA. The
parameters for amplification included an
denaturation for approximately 10 minutes at 94°C,
denaturation at 94°C for 60 seconds, 30 seconds of
corresponding annealing at 64.4°C, 45.5°C and 61.4°C
respectively and 50 seconds of amplification at 72°C and
this was followed by a final extension step for 5 minutes
at 72°C in a master cycler gradient thermo cycler.
Amplified PCR products were subjected to SSCP analysis
using 6% polyacrylamide vertical gel electrophoresis.
Further, Sanger’s di-deoxy sequencing method was
carried out for the samples that showed mobility
difference compared with control in SSCP analysis.

initial

Statistical analysis

All the data obtained were tabulated in Microsoft (Ms)
Excel
mean * standard deviation (SD) for continuous variables
and percentages for categorical variables were
calculated. Unpaired student’s t-test and ANOVA
followed by multiple comparison tests for continuous

spreadsheets. Descriptive statistics including

data were performed for the data following normal
distribution. Pearson’s correlation was performed to
assess the correlation between the variables. For all the
analyses, values of p < 0.05 were considered to be
statistically significant. All statistical analysis was
performed using Ms-Excel 2007 and SPSS 24.0 (IBM
Corporation, Chicago, IL, USA).

RESULTS AND DISCUSSION

Male gender was dominant in both the groups and
accounted for 77% and 69% respectively. Mean age of
the CAD group was 51.2 + 9.3 years and 42.1 * 8.1 years
in control group. Hypertension co-morbidity was more
prevalent in 38 (45%) followed by smoking 37 (44%)
and diabetes mellitus 37 (44%) in our CAD group.
Majority of the patients 70(83%) presented with STEMI
and single vessel disease (SVD) was predominant type of
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lesion in 49(58%) patients. Fasting lipid profile
including total cholesterol, very low density lipid-
cholesterol (VLDL-C) and triglycerides levels were
higher in CAD group compared to control group (Table
2). We significantly higher levels of
homocysteine in CAD group 35.1 * 13.8 pmol/L
compared to control group 8.1 + 2.9 pmol/L, (p < 0.001)
(Figure 1). In our study group, 73 (87%) of 84 CAD

patients and 2 (3%) of 84 control individuals were

observed

found to report hyperhomocysteinemia. We found
significantly higher levels of CYP derived 11,12-DHETSs
in CAD group 628.6 + 324.3 pg/mL compared to healthy
controls 331.2 + 203.2 pg/mL, (p=0.0001) (Table 3). We
also positive
inflammatory marker homocysteine and vasoactive
11,12- DHET levels in CAD group (R% = 0.087, p=0.01),
(Figure 2).

observed correlation between

Table 1 CYP genes and their primer sequences

CYP2C9 FP: TGCCTGTTTCAGCATCTGTCT
RP: TCTCAACTCCTCCACAAGGC
CYP2C19 FP: AGAGCTTGGCATATTGTATC
RP:CGCAAGCAGTCACATAACTAAGC
CYP2j2 FP: GCCTTTTGACCCTCATTTCA
RP: CTGGCATGTCTTTGAAGCCT

FP: Forward primer, RP: Reverse primer

Table 2 Demographic and biochemical parameters of two groups.

Characteristics CAD group Healthy group p value
(n=84) (n=84)
Age, Mean * SD years 51.2+9.3 42.1+8.1 P<0.05
Gender (Male: Female) 65:19 58:26 NA
Obesity, n (%) 10(11.9%) 0 NA
Smokers, n(%) 37(44.0%) 0 NA
Hypertension, n (%) 38(45.2%) 0 NA
Diabetes Mellitus, n (%) 37(44.0%) 0 NA
Family history, n (%) 14(16.7%) 0 NA
Single vessel disease n(%) 49(58%) 0 NA
Double vessel disease n(%) 19(23%) 0 NA
Triple vessel disease n(%) 12(14%) 0 NA
Total Cholesterol (mg/dL) 182.3 +49.2 160.6 + 31.7 0.003s
Triglycerides (mg/dL) 185.7 + 163.6 1174 +51.3 0.001s
High density lipid Cholesterol (mg/dL) 389+8.3 40.1+£9.5 0.26
Low density lipid -Cholesterol (mg/dL) 110.4 +50.1 97.0+27.6 0.10
Very low density lipid Cholesterol (mg/dL) 37.1+32.8 23.4+10.3 0.001s
CAD: Coronary artery disease SD: Standard deviation, NA: Not applicable. s: significant
Table 3 Homocysteine and 11,12-DHETSs between the two groups.
Variables Cases Control p value
Mean + SD Mean * SD
Homocysteine 35.1+13.8 8.1+ 2.9 <0.001s
pmol /L
11,12-DHETs pg/ml 628.5+ 322.3 332.1+ 203.2 0.0001s

DHETSs: Dihydroxyeicosatrienoic acids, s: significant
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Table 4. Details of SNPs in CYP2C9, CYP2C19 and CYP2)2 genes.

GenBank accession
S.No Gene Caseld | 11,12- DHET pg/mL Base position Novelty no.
1 Case 47 |331.2 c.430C>T Reported KY933642
c.347A>G Novel
c.357A>G Novel
CYP2C9 c.369C>A Novel
2 Case 58 |459.2 c.385A>G Novel MF043186
c.347A>G Novel
c.362A>G Novel
c.363G>A Novel
3 Case71 |436.4 c.366G>T Novel MF043187
4. Case 8 |[229.2 c.681A>G Reported KY823013
5. Case 58 |459.2 c.681A>G Reported KY823015
6. CYP2C19 |Case68 |332.4 c.681A>G Reported KY823012
7. Case 5 |[971.6 c. 650A>T Novel KY823014
8. Case 10 | 393.6 c. 650A>T Novel KY946734
9 Case 23 |30 c. 646G>A Novel KY933638
10 Case 40 | 778 c. 646G>A Novel KY933639
CYP2]2 247.2 c.630G>C,
11 Case 31 c.664_665ins C Novel KY933640
12 Case 73 | 446.8 c.673_674ins C Novel KY933641
40 70 R? = 0.087, p=0.01
35.1 . ..
30 ol e Tt
3 i ?’ . o
3 240 * 20 ¢ o
g p<0.001 g P 3 .
£ 2 ¢ +
§ ® 20 o ’03 $ * ¢ .,
g
10 8.1 W 0
0 T T T ]
0 500 1000 1500 2000
0 11,12-Dihydroxyeicosatrienoicacids pg/mL
Figure 1. Homo%sse'feine levels between the %)\'f]tt)rgioups Figure 2. Scatter Plot of correlations between Homocysteine and
11,12-Dihydroxyeicosatrienoic acids in CAD patients.
CAD : Coronarv arterv disease

PCR amplification of exon 3 of CYP2C9, exon 5 of
CYP2C19 and exon 4 of CYP2]J2 genes resulted in
amplicon sizes of 308 base pair (bp), 287 bp and 157 bp
respectively in both the groups. SSCP analysis of patient
amplicons showed mobility differences in 11 patients
compared with that of control amplicons. Further,
Sanger’s sequencing analysis revealed 12 SNPs in
11(13%) patients constituting base substitutions and
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base insertions. One patient, Case 58 was found to
report both CYP2C9 gene novel
CYP2C19*2 allele.

mutations and

CYP2C9 gene base substitutions were found in 3
patients of which one patient was found to report
CYP2C9*2 allele, c.430C>T (Case 47, Figure 3-A) and
novel base substitutions in other two patients (Case 58

| 481
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3-A. Arrow mark indicating CYP2C9*2, c.430C>T

TTTGGAGAC GTGI1
215 220 225
CONTROL
TT T GGAGAGTGTG
220 235
CASE

A

3-B. Arrow indicating CYP2C19*2, c.681G>A

CATTGATTATTTCCLCGGG A
60 65 70 75

. wimmimm

mﬂiaﬂnﬂfw\f\ iy N

3-C. Arrow indicating c.646G>A novel mutation in

- -
CATT GAT

ﬂ

CYP2)2

GAAGT TACTAGATG

80 85 20

CONTROL

ﬂMMAAAHi\AAA/}.J

"GAAGTTAC TA AAT G

85 20 a5

CASE

A

Figure 3: Sequencing Chromatograms

and Case 73). CYP2C19 gene SNP base substitutions
were found in 5 patients of which 3 patients were found
to report CYP2C19*2, c.681G>A (Figure 3-B) and two
patients reported novel base substitutions (Case 5 and

482 |

Case 10). CYP2]2 gene polymorphism constituting novel
base substitutions (Figure 3-C) were found in 4 patients
and with Cytosine base insertions in Case 31. In this
connection, we also noticed comparatively reduced
levels of 11,12-DHETs in the patients reporting CYP
gene polymorphisms (Table 4).

All the identified mutations of exon 3 of CYP2C9, exon 5
of CYP2C19 and exon 5 of CYP2]J2 genes were
communicated to GenBank and their corresponding
accession numbers were depicted in Table 4.

Further, data analysis revealed significant differences in
the levels of 11,12-DHETs between patients reporting
CYP polymorphism and patients without CYP
polymorphism compared with the control individuals (p
<0.001), (Figure 4). We also observed negative
correlation between homocysteine and 11,12-DHETs
levels (R2 = 0.222, p = 0.143) with the patients reporting
CYP polymorphism (Figure 5). However, we did not find
any association between diabetic and hypertensive CAD
patients and 11,12-DHETs levels.

There is an increasing appreciation of the importance of
EET/DHET mediated vasodilation (Node et al, 1999;
Feletou et al, 2010). CYP2C9, CYP2C19 and CYP2]2 are
the main epoxygenases in human cardiovascular system
particularly found in cardiomyocytes, endothelium and
smooth muscle cells (SMCs) (Arima et al, 2015). CYP
derived DHETs promote protective defence activity
against the inflammatory stimulus and maintain
cardiovascular homeostasis. Inter-individual differential
expression of regulatory enzymes can influence the
function and risk of developing disease (Shahabi et al,,
2014). Thus,
epoxygenase can lead to functional alterations of
epoxygenase activity that may increase the individual’s
risk. In our CAD group, we observed hypertension,
smoking and diabetes mellitus co-morbidities were

differential gene expression of CYP

more prevalent that can increase the risk of developing
events. Hyperhomocysteinemia is also well established
independent novel risk factor associated with early
onset of CAD and risk of venous thrombosis (Chambers et
al, 2000; Haynes, 2002). In a recent study, age wise
hyperhomocysteinemia was observed in 78-82% of CAD
2017).
levels of

patients and 5% of controls (Jatin et al.,
Consistently, we also found higher
homocysteine in 87% of CAD patients and 3% in control
individuals. Higher levels of homocysteine can cause
endothelial damage and increase the risk of developing
events in CAD patients. It was reported that higher

Int. ]. of Life Sciences, Vol. 6(2) April - June, 2018
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levels of EETs/DHETs in CAD patients represent the
protective defence mechanism against the inflammatory
endothelial damage (Akasaka et al, 2016). In this
connection, we also observed significantly higher levels
of 11,12-DHETs in response to the higher inflammatory
stimuli in CAD group compared to control group.
Interestingly, we noticed significant positive correlation
between homocysteine levels and 11,12-DHETs in CAD
patients depicting the protective anti-inflammatory

activity of DHETSs against higher homocysteine levels in
CAD group. Similar observations were found with the
study of Yang who reported higher levels of DHETSs
corresponding to higher levels of high sensitive - C
reactive protein (hs-CRP) and blood lipoproteins in CAD
patients (Yang et al., 2013). However, we did not find
any correlation between 11,12-DHET levels and other
risk factors like hypertension, diabetes and blood
lipoproteins.

800
700 -
600 -
500 -
400 -
300 -
200 -
100 +

11,12-DHETSs pg/mL

p<0.001

493.7

0 - .

Controls

Patients SNP+

Figure 4. 11,12- DHETs levels between the groups.
DHETs Dihydroxyeicosatrienoic acids;,
3MNE+ : single nucleotide polymerphism present,
SME- : single nucleotide polymorphism absent

Patients SNP-

70 ~

50 - *

40 -

20 o

Homocysteine pmol/L

10 -

R2=0.222,p=0.143

0 T
0 500

1000

11,12-Dihydroxyeicosatrienoic acids pg/mL

Figure 5. Scatter Plot of correlations between Homocysteieneand 11,12-
Dihydroxyeicosatrienoic acids in CAD patients reporting CYP polymorphism.
CAD: Coranarv arterv disease : CYP: Cwtaochrome PAS0

1500 2000
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It is noteworthy that about 20% of the CAD patients
report with low or no prevalence of traditional risk
factors. Genetic polymorphism in CYP epoxygenases can
alter the epoxygenase activity and result in poor defence
mechanism that may add on risk of developing events in
CAD patients. A study on CYP polymorphism and its
association with CAD also suggests that the individuals
with any confounding risk factors for CVD along with
CYP epoxygenase polymorphism may be predisposed to
risk of CAD (Arun Kumar et al., 2015).

CYP2(C9 is an important epoxygenase in endothelial cells
that contributes higher 11,12-EET/DHET mediated
vascular homeostasis (Jorge ef al., 2000). It was reported
that presence of CYP2C9*2 altered the interaction of
epoxygenase with substrate and reduced metabolism
(Crespi and Miller,1997). Any gene variation in this
epoxygenase results in reduced DHET levels and
presence of CYP2C9*2 in exon 3 was reported to show
50% reduced activity compared to the wild type (Van
Booven et al., 2010). Consistently, we observed reduced
levels of 11,12 DHETSs in the patients reporting CYP2C9
polymorphism depicted in table 4. Notably two allele
variants of CYP2C9 gene, CYP2C9*2 and CYP2C9*3 was
reported to have clinical significance and presence of
these alleles showed decreased enzyme activity
(Harrison et al., 2008).

In our study CYP2C9*2 allele (c.430C>T, R144C) was
found only in one patient, case 47 and showed reduced
levels of 11,12-DHETSs (331.2 pg/mL) representing poor
epoxygenase activity. Presence of CYP2C9*2 in one
patient in our CAD group accounted for 1.2% which is
less in frequency compared to study reporting 4% (Jose
et al., 2004).

CYP2C19 is also an important epoxygenase that mainly
contributes 11,12-EET/DHET forms. CYP2C19*2 allele is
extensively studied mutation in CAD patients and has
attained clinical importance especially in acute coronary
syndrome patients (Node et al., 1999; Aspromonte et al.,
2014). Hokimoto revealed that presence of CYP2C19*2
polymorphism is an independent risk factor for
cardiovascular irrespective of clopidogrel
resistance (Hokimoto et al,, 2015) In CAD group, we
found CYP2C19*2 allele, c.681G>A, p.P227= in 3 of 84
patients (case 8, Case 58 & case 68) showing reduced
levels of 11,12- DHETSs (Table 4). Akasava also reported
that patients with CYP2C19*2 allele showed reduced
levels of plasma 11,12- DHETs compared to the patients

events

without the mutant allele (Akasava et al, 2016). In our

484 |

study CYP2C19*2 allele accounted for 3.6% and it was
comparatively low with the studies reporting 12% and
10% (Shuldiner et al, 2009; Tantray et al., 2017)
respectively in Indian population.

CYP2]J2 is cardiac specific epoxygenase expressed
predominately in vascular endothelial cells and
presence of mutant CYP2]2*4 allele in exon 4 was
reported to express reduced levels of 11,12 DHETSs
compared to the wild type. But, we found none to report
CYP2]2*4 allele in our CAD group and it was consistent
with the Xu study reporting that Indians are rare (0-2%)
to CYP2]2*4 allele (Xu et al.,, 2013). However, we found 4
of 84 patients (case 23, case 40, case 31 and case 73)
reporting novel mutations in exon 4 of CYP2]J2 gene
constituting base substitutions and cytosine base
insertions respectively (Table 4). We found novel
cytosine base insertions, c.664_665ins C and
€.673_674ins C in 2 of 84 patients (case 31 and case 73)
respectively that resulted in frame shift mutation. It was
reported that any gene variation in this epoxygenases
can influence their activity that can act as important
modifiers of cardiovascular risk in CAD patients
(Indrayan, 2005). Consistently, we found that due to
presence of frame shift mutation and enzyme
deformativity of CYP2]2 gene in case 31 and case 73,
reduced levels of 11,12-DHETs were observed depicting
poor enzyme activity (Table 4).

Further, our analysis revealed the relationship of CYP
polymorphism and 11,12-DHETSs in patients reporting
polymorphic genes. Interestingly, we observed negative
correlation between 11,12-DHETs and homocysteine
levels in 11 patients reporting CY2C9, CYP2C19 and
CYP2]2 polymorphisms depicting reduced enzyme
activity. Thus, our study findings showed that presence
of CYP polymorphisms result in reduced levels of 11,12-
DHETSs and decline of DHET mediated vasodilation that
can cause endothelial dysfunction and risk of events.

CONCLUSIONS

Polymorphism in CYP2C9, CYP2C19 and CYP2]2 genes
seems to have considerable effect on epoxygenase
activity that may result in decreased levels of 11,12-
DHETs in patients compared to the patients without CYP
polymorphism. Presence of lower levels of 11,12-
DHETs is a reflection of poor reserve defence
mechanism in CAD patients that might result in
endothelial dysfunction and risk of cardiac events.

Int. ]. of Life Sciences, Vol. 6(2) April - June, 2018
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Therefore, in acute coronary syndrome patients
genotyping of CYP2C9, CYP2C19 and CYP2]2 genes can
be recommended to use as prognostic markers for
future events and risk stratification.

Acknowledgements:

We gratefully thank Sri Balaji Arogya Varaprasadini
(SBAVP) scheme of our institution for partial financial
support to carry out this work.

REFERENCES

Akasaka T, Sueta D, Arima Y, Tabata N, Takashio S, [zumiya Y,
Yamamoto E, Yamamuro M, Tsujita K, Kojima §, Kaikita K,
Kajiwara A, Morita K, Oniki K, Saruwatari ], Nakagawa K,
Ogata Y, Matsui K and Hokimoto S (2016) Association of
CYP2C19 variants and epoxyeicosatrienoic acids on
patients with microvascular kangina. Am ] Physiol Heart
Circ Physiol.311 (6):H1409-H1415.

Arima Y, Hokimoto S, Akasaka T, Mizobe K, Kaikita K, Oniki K
Nakagawa K and Ogawa H (2015) Comparison of the
effect of CYP2C19 polymorphism on clinical outcome
between acute coronary syndrome and stable angina. |
Cardiol.65: 494-500.

Arun Kumar AS , Kumar SS, Umamaheswaran G, Kesavan R,
Balachandar ] and Adithan C (2015) Association of
CYP2C8, CYP2C9 and CYP2J2 gene polymorphisms with
myocardial infarction in South Indian population.
Pharmacol Rep.67(1):97101.

Aspromonte N, Monitillo F, Puzzovivo A, Valle R, Caldarola P
and lacoviello M. (2014) Modulation of cardiac
cytochrome P450 in patients with heart failure. Expert
Opin Drug Metab Toxicol.10(3):327-39.

Chambers JC, Obeid OA, Refsum H, Ueland P, Hackett D, Hooper
], Turner RM, Thomson SG and Kooner JS (2000) Plasma
homocysteine concentrations and risk of coronary heart
disease in UK Indian Asian and European men.
Lancet.355(903):523-7.

Crespi CL and Miller VP (1997) The R144C change in the
CYP2C9*2 allele alters interaction of the cytochrome P450
with  NADPH: cytochrome P450 oxidoreductase.
Pharmacogenetics.7(3):203-10.

Feletou M, Kohler R and Vanhoutte PM (2010) Endothelium-
derived Vasoactive Factors and Hypertension: Possible
Roles in Pathogenesis and as Treatment Targets. Curr
Hypertens Rep.12:267-275.

Hadi HA, Carr CS and Al Suwaidi ] (2005) Endothelial
dysfunction: cardiovascular risk factors, therapy, and
outcome.Vascular Health and Risk Management. 1(3):183-
198.

Harrison M, Maressco K and Broeckel U (2008) Genetic
determinants of hypertension: an update. Curr Hypertens
Rep.10:488-495.

Haynes WG (2002) Hyperhomocysteinemia, vascular function
and atherosclerosis: Effects of vitamins. Cardiovasc Drugs
Ther.16:391-9.

Hokimoto S, Tabata N, Akasaka T, Arima Y, Kaikita K, Morita
K,Kumagae N, Oniki K, Nakagawa K and Ogawa H (2015)

www.ijlsci.in

Int. ]. of Life Sciences, Volume 6 (2) April-June, 2018

Gender differences inimpact of CYP2C19 polymorphism
on development of coronary artery disease. ] Cardiovasc
Pharmacol. 65: 148-152.

Indrayan A (2005) Forecasting vascular disease cases and
associated mortality in India. Reports of the National
Commission on Macroeconomics and Health, Ministry of
Health and Family Welfare, India,

Jatin D P, Kirankumar P C, Chandan C and Hiran [ S (2017)
Homocysteine level in Coronary artery disease patients of
Ahmedabad population. Int ] of Med sci and Pub
health.6(3): 558-563.

Jorge H. C, John R. Falck, and Raymond C. H (2000) Cytochrome
P450 and arachidonic acid bioactivation: molecular and
functional properties of the arachidonate monoxygenase.
J.Lipid Research.41: 163-181.

Jose R, Chandra sekharan A, Sam S S, Gerard N, Chanolean S,
Abraham B K, K S, Peter A and Rajagopal K (2004)
CYP2C9 and CYP2C19 genetic polymorphisms:
frequencies in the south Indian population. Fundamental
& clinical Pharmacology.19:101-05.

Miller SA, Dykes DD and Polesky HF (1988) A simple
salting out procedure for extracting DNA from
human nucleated cells. Nucleic acids
Res.16:1215.

Node K, Huo Y, Ruan X, Yang B, Spiecker M, Ley K Zeldin DC
and Liao JK.(1999) Anti-inflammatory properties of
cytochrome P450 epoxygenase-derived eicosanoids.
Science. 20;285(5431):1276-9.

Oni-Orisan A, Alsaleh N, Lee CR and Seubert JM (2014)
Epoxyeicosatrienoic acids and cardioprotection: The road
to translation. Journal of Molecular and Cellular
Cardiology. 74:199-208.

Packard R and Libby P (2008) Inflammation in atherosclerosis:
from vascular biology to biomarker discovery and risk
prediction. Clin Chem.54(1):124-38.

Prakash D and Vibhuti S (2005) Coronary Artery Disease in
South Asians: Evolving Strategies for Treatment and
Prevention. Ind Heart ].57: 617-631.

Petrak O, Widimsky ], Zelinka T. Kvasnicka ], Strauch B, Holaj
R, Stulc T, Kvasnicka T, Bilkova ] and Skrha ] (2006)
Biochemical markers of endothelial dysfunction in
patients with endocrine and essential hypertension.
Physiol. Res. 55: 597-602.

Roberts R and Stewart AF (2012) The genetics of coronary
artery disease. Curren opini cardi. 27:221-27.

Shahabi P, Siest G, Meyer UA and Visvikis S (2014) Human
cytochrome P450 epoxygenases: variability in expression
and role in inflammation related disorders. Pharmacol
Ther.144(2):13461.

Shuldiner AR, Connell JR, Bliden KP, Gandhi A, Ryan K,
Horenstein RB, Damcott CM, Pakyz R, Tantry US, Gibson Q,
Pollin TI, Post W, Parsa A, Mitchell BD, Faraday N, Herzog
W and Gurbel PA (2009) Association of cytochrome P450
2C19 genotype with the antiplatelet effect and clinical
efficacy of clopidogrel therapy. JAMA. 302(8):849-57.

Singh RB, Mengi SA, Xu Y], Arneja AS, Dhalla NS. Singh RB1,
Mengi SA, Xu Y], Arneja AS and Dhalla NS (2002)
Pathogenesis of atherosclerosis: A multifactorial process.
Exp Clin Cardiol. Spring; 7(1):40-53.

Tantray JA , Reddy KP , Jamil K and Kumar YS (2017)
Pharmacodynamic and cytogenetic evaluation in

| 485


http://www.ijlsci.in/

Sowjenya et al., 2018

CYP2C19*2 and CYP2C19*3 allelomorphism in South
Indian population with clopidogrel therapy. Int ]
Cardiol.15;229:113-18.

Toth PP (2008) Subclinical atherosclerosis: what it is, what it
means and what we can do about it. Int J Clin Pract.
62(8):1246-54.

Van Booven D, Marsh S, McLeod H, Carrillo MW, Sangkuhl K,
Klein TE Alyman RB (2010) Cytochrome P450 2C9-
CYP2(C9. Pharmacogenet Genomics.20(4):277-81.

Widlansky ME, Gokce N, Keaney J] and Vita, JA (2003) The
clinical implications of endothelial dysfunction. ] Am Coll
Cardiol.42:1149-60.

Xu M, Ju W, Hao H, Wang G and Lu P (2013) Cytochrome P450
2]2: distribution, function, regulation, genetic
polymorphisms and clinical significance. Drug metab Rev.
45:311-352.

Yang T, Peng R, Guo Y, Shen L, Zhao S and Xu D (2013) The role
of  14,15-dihydroxyeicosatrienoic  acid levels in
inflammation and its relationship to lipoproteins. Lipids
Health Dis. 12: 151.

© 2018 | Published by IJLSCI

486 | Int. ]. of Life Sciences, Vol. 6(2) April - June, 2018



