Chalghoum et al. BMC Cardiovascular Disorders (2016) 16:244
DOI 10.1186/512872-016-0417-x

Pathological interactions between the

BMC Cardiovascular Disorders

@ CrossMark

endothelin-1 and the angiotensin-
converting enzyme among Tunisian

coronary patients

Abdelkader Chalghoum'*, Yosri Noichri', Azza Dandana', Bruno Baudin®, Abdelhédi Miled' and Salima Ferchichi'

Abstract

Background: The correct understanding of the biochemical and metabolic interactions between coronary risk
factors contribute to the exploration of cardiovascular pathophysiology and improves therapeutic care.

The aim of this study was to explore the endothelin-1 (ET-1) concentration and the angiotensin converting enzyme
(ACE) activity among Tunisian patients with coronary heart disease, and to investigate the metabolic relationships
between these two markers,... and to assess the possible relationship between them and the different risk factors.
In this present study, ET-1 concentration was determined by an analytical method (High Performance Chromatography,
coupled by Mass Spectrometry), ACE activity was measured by a kinetic method for patients and healthy controls.
These subjects (157 patients and 142 controls) beneficed also by a biochemical exploration (lipid, apolipoproteins and

glucose profiles) to quantify cardiovascular risk.

Results: A statistically significant increase of the ET-1 concentration was found among patients compared to healthy
controls (152 +53 nMvs 7.1+ 2.7 nM, p < 0,00001). For the ACE activity, in spite the treatment of the majority of
patients (97%) with ACE inhibitors, this activity was statistically elevated in patients compared to healthy subjects (86.7

+2541U/L vs 428 +12.1 IU/L, p < 0.00001).

Furthermore, a statistically positive correlation was identified between these two cardiac markers (r=0.68 p < 0.00001).

Conclusion: The study of the metabolic relationship between the ET-1 and ACE among coronary patients reveals other

therapeutics targets.

Keywords: Acute coronary syndrome, Endothelin-1, Angiotensin-converting enzyme, Risk factors, Metabolic

interactions

Background

Acute Coronary Syndrome (ACS) is classified among the
major cause of mortality and morbidity in the western
countries. The diagnosis of this ischemic syndrome is
essentially based on clinical examination (electrocardio-
gram), the biological examination (serum level of cardiac
troponin) is used to identify the necrotic damage. This
disease is multifactorial, complex and polygenic. The risk
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factors are varied and diversified, according to the
Framingham reference study; these factors are classified
into modifiable factors (smoking, arterial hypertension,
diabetes, obesity ...) and un-modifiable factors (age, gen-
der, heredity...). Atherosclerosis is the main etiology of
this syndrome [1-4].

However, the endothelin-1 (ET-1) and the hyperactivity
of the angiotensin- converting enzyme (ACE) are classi-
fied among the coronary “unconventional risk factors”
[5-7].

ET-1 is an endothelium derived, potent vasocon-
strictor peptide of 21 amino acids (2.5 kDa with a great
structural homology with snake venom, the S6
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sarafotoxin). It was finally isolated and sequenced from
endothelial cell culture by Yanagisiwa M. in 1988. Its
peptide is strongly implicated in the ACS’s genesis and
complications by its vasoconstrictors, pro-oxidant and
thrombotic effects [7-9]

ACE (peptidyl-dipeptidase with zinc, EC, 3,4,15,1) is
well known by its physiological role in the rennin
angiotensin system by its role in angiotensin-I cleaving
(an inactive decapeptide) to generate angiotensin II (a
powerful vasoconstrictor) and its role in bradykinin
hydrolysis (a potent vasodilatator). This enzyme stimu-
lates also the release of aldosterone from the adrenal
cortex, leading to sodium retention [10-12].

In this context, comes the aim of our study which is to
quantify the serum concentrations of ET-1 and to meas-
ure the ECA serum activity in Tunisians coronary com-
pared to controls subjects, investigate the impact of
various risk factors on serum variation of these two
parameters as well as the study of the correlation
between these two vasoconstrictors.

Methods

Populations study

This is a prospective study, in which sampling was carried
between January 2010 and November 2011. One hundred
fifty seven Tunisian coronary patients (121 men and 36
women) middle-aged (64.8 +11.7 years) were recruited
from the Cardiology Service of Farhat Hached, Hospital of
Sousse, Tunisia. One hundred forty two healthy subjects
(111 men and 31 women) middle-aged (56.8 + 9.4 years)
were considered as the control group. This age difference
is unavoidable, since at a more advanced age, the risk
factors accumulate, and the possibility to find healthy sub-
jects non carriers of any risk factor becomes almost
impossible (since the advanced age it is even a risk factor).
So we were here between two choices: either having
patients and "healthy subjects" holders of risk factors with
a close age, or having a remarkable difference (not signifi-
cant) of age and healthy controls without risk factors.

The patients and healthy subjects signed a free and
clear consent which explains the objectives of this work
with an undertaking not to publish the names of partici-
pants, their personal data including test results (follow-
ing the instructions of Tunisian National Committee of
Medical Ethics, consistent with the Declaration of
Helsinki).

The approval of compliance with the Helsinki declar-
ation was signed in December 2009. A datasheet had
been prepared for each subject (patient or control) to
identify cardiovascular risk factors and to know the sus-
ceptibility degrees to ACS. This sheet contains the an-
thropometric characteristics, the biological parameters,
the risk factors, the treatments of patients, the exclusion
factors (thyroid diseases, sarcoidosis, Gaucher disease).
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Laboratory analysis

Venous blood samples were drawn after 12 h overnight
fast. A collection of two tubes were made for each
patient and witness: one tube without anticoagulant for
determination lipid parameters, ET-1 concentration, and
ACE activity and, the second one is heparinized tube for
blood glucose. Serum total cholesterol (TC), triglycerides
(TG), high density lipoprotein cholesterol (HDL-C) and
glucose were measured with colorimetric essay using an
automated system (Cx9 Pro-Beckman Coulter-Fuller-
Ton CA). Low density lipoprotein cholesterol (LDL-C)
was determined by Friedewald formula for TG levels
below 4.5 mmol/L. Apolipoproteins (ApoAl and Apo B)
were determined by immunonephelometry (Cobas Inte-
gra 400, Roche).

After plasmatic ET-1 extraction with ethanol, the con-
centration was measured by High Performance Chroma-
tography, coupled to Mass Spectrometry (3200 Q TRAP
LC/MS/MS system),according the Walczak M protocol,
2010 [9],using a synthetic standard (ET-1 Sigma-Aldrich
St. Louis, MO, USA) for the specific spectra identifica-
tion and for the calibration curve determining. Chroma-
tographic separation was carried out with C18 analytical
column (30 mm x 2.1 mm, 3.5 um, Waters Ireland) set
at 20 °C. Two solvents mixtures were used: solvent A:
Acetonitrile and solvent B: H,O. The following gradient
was used: 0—-5 min 0-100% A; 5-7 min 100% A; 7-8,
100-0% A; 8—15 min, 100% B. The flow rate was set at
300 plmin~* and a sample volume of 25 pl was injected
in the analytical column. The linearity zone (1.6 nM -
160 nM) is established after calibrationby a purified
bovine serum (with 3 repetitions for each concentration)

ACE activity was determined by kinetic method at
340 nm, according the Chalghoum A protocol, 2012 [4],
using a synthetic substrate, Furylacryloyl-phenylalanyl—
glycyl-glycine (FAPGG) (Trinity Biotech,St Louis USA),
with an initial measurement at t=0 min and a final
measurement at t =5 min.

Statistical analysis

Database management and statistical analyseswere
carried out using SPSS (Statistical Package forthe
Sociological Sciences), version 21.0 (IBM). Results are
presented as means + SD, or percentages. Means were
compared using Student test. The relations between
variables were assessed with Pearson’s correlation
analysis.

These parametric tests (means comparison, statis-
tical correlations) were performed under of the ana-
lytical statistics conditions (Gaussian dispersion for
the different parameters, n>30 for each group and
subgroup...). The significance threshold was set at 5%
(p <0.05).
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Results

Table 1 summarizes the anthropometric and clinical data
of patients and health subjects. Hypertension, diabetes,
obesity, tobacco, heredity... are the majors risk factors.
However our control subjects are not exposed to these
factors

Biological parameters and the values of ET-1 and ACE
in patients and controls subjects are shown in Table 2.

Glucose, TC, LDL-C,and apolipoprotein B(Apo B)
were significantly increased in patients compared to
controls. Unlike apolipoprotein Al concentration was
significantly higher among control group compared to
patients. HDL-C, and TG showed no significant differ-
ence between two populations.

Figure 1 illustrates the mass spectra of the ET-1
peptide, triply ionized, 832.4 Da (M / Z).

In our study, a statistically significant elevation of the
ET-1 concentration was observed among patients com-
pared to healthy subjects. For the ACE activity, although
the majority of our patients (97%) were treated with
ACE inhibitors, this activity was statistically elevated in
patients compared to controls subjects.

Table 1 Anthropometric characteristics and clinical data of
patients and control subjects

Patients Control subjects
(h=157) (n=142)

Age (x £ 0 years) 648+ 117 56.8+94
Sex
Men (%) 121 (77%) 111 (78.2%)
Women (%) 36 (23%) 31 (21.8%)
BMI (kg /m?) 276+ 4 233422
Hypertension (%) 88 0
Obesity (%) 52 8.5%
Diabetes (%) 64 0
Smoking (%) 624 7
Family cardiachistory (%) 68 6
Personnel cardiachistory (%) 66 0
Postmenopausal women (%) 100 82
Dyslipidemia (%) 40 0
Sedentary (%) 43 1M
Alcohol (%) 33 14
Treatment : ACE inhibitors (%) 97 0

Statins (%) 38 0

Beta-Blockers (%) 33
Ca-Blockers (%) 27 0
Diuretics (%) 17 0
X mean

o standard deviation
BMI Body mass index
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Table 2 The distribution of biological markers, ET-1 concentration
and ACE activity in patients and control subjects

Populations Biological Patients Control subjects p
parameters (n=157) (n=142)

Glucose (x + ommoll/) 98+42 540+ 084 <0000.1
TC (x £ ommol/L) 570+3.1 460+26 <0.00
HDL-C (x £ ommol/L) 1.14+022 130+ 041 NS
LDL-C (x £ ommol/L) 360+2.16 28014 <0.001
TG (x = ommol/L) 1.60+09 124+03 NS
ApoAT (x £ 0. g/l) 141062 1.80+0.2 <0000.1
ApoB (x ta. g/L) 140 +0.81 0.70+0.2 <0000.1
ET-1 (x+ 0. nM) 152+53 71+£27 <0.00001
ACE (x+ 0. UKL) 86.7 +254 428+12.1 <0.00001

NS not significant (p > 0.05)

X mean

o standard deviation

TC Total cholesterol

HDL-C high density lipoprotein cholesterl
LDL-C low density lipoprotein cholesterol
TG triglycerides

ApoA Apolipoprotein A

ApoB Apolipoprotein B

ET-1 Endothelin-1

ACE Angiotensin-converting enzyme

Biochemical exploration showed that these two vasocon-
strictors depend on gender, arterial hypertension, tobacco,
obesity and dyslipidemia, unlike diabetes, Personal cardio-
vascular antecedents, alcohol intake and physical inactivity
(Tables 3 and 4).

Besides to that, a positive statistically correlation was
founded (r = 0.68 p < 0.00001) between the ET-1 concen-
tration and ACE activity (Fig. 2).

Discussion

Varied risk factors among patients confirm the multifac-
torial and polygenic origin of the ACS, well explained by
the Framingham study [13, 14]. Partially balanced lipid
profile in patients is caused by the diet, recommended
by medical staff, by lipid-lowering therapy and in par-
ticular by the beneficial impact of the ACE inhibitors
that enhance of the glucose sensitivity and the correc-
tion of lipid metabolism [14, 15].

Increased concentration of apolipoprotein B consoli-
dates its atherogenic effects and its involvement in the
genesis of ACS, although the majority of patients are
under statins and anti-hypertensive medication. Unlike
reversible dyslipidemia (only related to diet and lifestyle),
easy to corrected by statins, mixed and genetic dyslipid-
emia requires a combined medication (statins + fibrates,
or nicotinic acid) whereas Apo Al (statistically higher in
healthy croup) has acardio-protective effect supported
by various studies. These apolipoproteins are under gen-
etic control which showed the polygenic origin of ACS
[4, 14, 16].
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Furthermore, our study showed a statistically signifi-
cant increase in the ET-1 values among patients
compared to control subjects, which reflects its role not
only in prolonged vasoconstriction but also in its athero-
genic impact, its pro-oxidant effect (indirectly involved
in the NADPH oxidase activation and radical oxygen
species generation) and its pro-aggregating role (by his
role in the thromboxane A2 synthesis). [8, 9, 16—18].

Although, 97% patients were under treatment with inhib-
itors of angiotensin-I converting enzyme, this enzyme activ-
ity was statistically higher among patients, reflecting the
involvement of ACE as risk parameters for heart diseases.
This role is well described in the literature and explained
mainly by hypertensive and vasoconstrictor effects of this
zinc-metallopeptidase. Recent studies also have been begin-
ning the study of pro-oxidant role of this enzyme by activa-
tion of NADPH oxidase which triggers lipid peroxidation
starting point for atherosclerosis. Actually vasoconstrictor
and pro-oxidant effects accumulate in the pathophysiology
of atherosclerosis and coronary syndromes [10, 11, 18]

The ET-1 concentration and the ACE activity dependent,
in this study on gender, hypertension, smoking,obesity and
dyslipidemia, unlike diabetes, Personal cardiovascular ante-
cedents, alcohol and physical inactivity.

The increasing concentration of ET-1 and the higher
activity of the ACE in men patients is explained by hor-
monal and metabolic reasons (non-genetic) since they
are encoded by two autosomal genes (6p24.1 for ET-1
and 17q23 for ACE), unlike the angiotensin-2 converting
enzyme encoded by a gene located on the X chromosome.
According to the reference Framingham study, women
are protected against cardiovascular complications com-
pared to men, this protection is manifested by blocking
and inhibiting of atherogenic factors (including ET-1 and
ACE) [19, 20].

The concentration and high activity in hypertensive
compared with normotensive patients is explained by
the vasoconstrictor effect of ET-1 and ECA and their
roles in the sodium reabsorption. In hyperactivity these
regulatory effects become hypertensive [9, 21, 22].

The ET-1 and the ACE inhibitions by tobacco,
obesity and dyslipidemia are explained by the role of
metabolic syndrome, generated by tobacco (mainly
nicotine), complex lipids (among obese and dyslipid-
emic coronary patients). The metabolic syndrome is
directly and indirectly associated with damage of the
endothelial tissue, major secretory of ET-1 and ACE
[23-27].
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Table 3 The variation of the ET-1 concentration among patients
according risk factors

Populations and risk factors ET-1 (nM/L) p
Gender Men (n=121) 174+46 <0.00001
Women (n=36) 7.8+23
Hypertension Yes (n=138) 164+33 <0.00001
No (n=19) 66+19
Diabetes Yes (n=101) 15451 NS
No (n=56) 156+3.8
Tobacco Yes (n=98) 116+3 <0.00001
No (n=59) 21.2£6.1
Personal cardiovascular Yes (n=104) 153+44 NS
antecedents No (n=53) 15428
Obesity Yes (n=82) 122+53 <0001
No (n=75) 182+4
Dyslipidemia Yes (n=63) 11.8+£1.6 <0.00001
No (n=94) 17 5+46
Alcohol Yes (n=52) 16 £4.1 NS
No (n=105) 148+38
Sedentarity Yes (n=67) 157+37 NS
No (n=90) 149+24

NS not significant (p > 0.05)

Table 4 The variation of the ACE activity among patients
according risk factors

Populations and risk factors  ACE (UI/L) p
Gender Men (n=121) 88+26.1 <0.001
Women (n=36) 824+38
Hypertension Yes (n=138) 918+ 247 <0.00001
No (n=19) 499+86
Diabetes Yes(n=101) 86.1+244 NS
No (n=56) 878+282
Tobacco Yes(n = 98) 718+20.1 <0.00001
No (n=59) 1115+272
Personal cardiovascular Yes (n=104) 882+266 NS
antecedents No (n=53) 8384243
Obesity Yes(n=82) 802+214 <0.001
No (n=75) 93.8+274
Dyslipidemia Yes(n =63) 806+19.7 <0.001
No (n=94) 90.8 £28.7
Alcohol Yes (n=52) 859+252 NS
No (n=105) 87.1+259
Sedentarity Yes(n =67) 873+249 NS
No (n=90) 86.3+256

NS not significant (p > 0.05)
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Fig. 2 The positive correlation between ET-1 concentration and ACE
activity in patients population (r=0.68, p < 0.00001)

The high percentage of diabetic patients (64%) shows
the impact of this risk factor in the genesis, patho-
physiology and complications of ACS, manifested at
different levels (oxidative and inflammation status,
metabolic and thrombotic disorders...) [24].

However, diabetes was not implicated in the change of
plasmatic ET-1 and ACE activity and complications of
metabolic syndrome due to the used of drug and the
recommended diet [24, 25].

The difference between patients with and without
cardiovascular antecedents for the two parameters is
not significant given the short half time life of ET-1
and ACE, drug interactions and instant regulation of
these parameters (which reaches their the highest
levels during the acute phase) [7, 11, 22].

Statistically positive correlation between ET-1
concentration and ECA activity is explained by the
inductive effect of the angiotensin II (generated by
the ACE) in the synthesis of ET-1 and thecommon
activation axis of vasoconstrictors (hypovolemia,
intervention ofbaro-receptors...). This activation es-
capes from the regulation in these pathological situa-
tions [28-31].

A multidisciplinary study that combines the inter-
actions between enzymes and predictive peptides
according the rupture and the size of the athero-
sclerotic plaque (measured by appropriate technical,
Optical coherence tomography) can better elucidate
the complex pathophysiology of ACS and more
targeted the treatment [30, 32].
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Conclusion

Our study shows the impact of the ET-1 higher concentra-
tion and the ACE higher activity in the ACS predispos-
ition and pathophysiology, seen their vasoconstrictors,
pro-oxidant and pro-aggregation roles. A thorough study
of each component seems important to give other
therapeutic targets (ET-1 inhibitors by analogy to ACE
inhibitors...). Besides to that, the study of molecular and
genomics interactions between these two cardiovascular
markers aim to elucidate the different metabolic cascades
(activation and braking).

Abbreviations

ACE: Angiotensin-converting enzyme; ACS: Acute coronary syndrome; Apo
A: Apolipoprotein Al; Apo B: Apolipoprotein B; ET-1: Endothelin-1;

SPSS: Statistical package for the sociological sciences

Acknowledgments

We thank so much Mrs Ines KARKOUCH, Dr. Lamjed BOUSLAMA,and Mrs.
Fatma LAZREG (English teacher), Pr. Guieder Jeridi the responsible for the
ethical side of the work, the consent of patients and provided us with the
clinical data and a history of each patient. We thank also the staff of the
Biochemistry Laboratory and the Cardiology Department of Farhat Hached,
Hospital of Sousse and the members of the platform of the Biotechnology
Center of Borj Cedria,Tunisia for their valuable contribution in this work.

Funding

Our study was funded by research organizations in Tunisia (Ministry of Public
Health and Ministry of Higher Education and Scientific Research) with a
scientific and financial cooperation of the Laboratory of Biochemistry “A”
Hospital Saint Antoine, Paris, France.

Availability of data and materials
Figures and tables are a analyzed form of the raw data (SPSS files) containing
the identities and personal data of participants, ethically not publishable.

Authors’ contributions

AC and YN realized of this work, patients and controls sampling, writing
experimental protocols, the writing of the article and statistical analysis. BB
prepared ET-1 analysis by HPLC/MS. AD and AM is responsible for
apolipoproteins measurements and orientation of the results discussion. SF is
the scientific director of the team that supervised and corrected the article. Al
authors approved the final manuscript.

Competing interests
The authors proclaim that they have no competing interests.

Consent for publication
It is strictly forbidden, according to the approval decree to share or publish
personal data for the patients and the controls.

Ethics approval and consent to participate

The approval of compliance with the Helsinki declaration was signed by the
Tunisian National Committee of Medical Ethics in December 2009 (Decree
1166/2009, 22 December 2009), fixing the ethics of sampling and results
publication. The patients and healthy subjects signed a free and clear consent
which explains the objectives of this work with an undertaking not to publish
the names of participants, their personal data including test results.

Author details

1Laboratory of Biochemistry, Farhat HACHED Hospital, Street Doctor Moreau,
4000 Sousse, Tunisia. “Valorization and Technology Transfer Space, Center of
Biotechnology of Borj Cedria, 2050 HarmamLif, Tunisia. *Department of
Biochemistry, Saint-Antoine Hospital, 184 Street Faubourg Saint-Antoine,
75571 Paris, Cedex 12, France.

Received: 12 February 2016 Accepted: 16 November 2016
Published online: 29 November 2016

Page 6 of 7

References

1. Veeranna V, Zalawadiya SK, Niraj A, Kumar A, Ference B, Afonso L.
Association of level biomarkers with failure cardiovascular events is
influenced by ethnicity: Result from a multi ethnic cohort. Int J Cardiol.
2013;166:487-93.

2. Reddy KS, Satija A. The Framingham heart study: Impact of the prevention
and control of cardiovascular disease in India. Prog Cardiovasc Dis.
2010;53:21-7.

3. Bello N, Mosca L. Epidemiology of coronary heart disease in women. Prog
Cardiovasc Dis. 2004;46:287-95.

4. Chalghoum A, Noichri Y, Chkioua L, Gammoudi |, Dandana A, Khelil S, et al.
Metabolic interactions betweenthe hyperhomocysteinemia and
angiotensin-1 converting enzymeactivity in Tunisian patients with coronary
heart disease. Ann Biol Clin. 2012;70(5):599-604.

5. Jordan W, Reinbacher A, Cohrs S, Grunewald RW, Mayer G, Rither E, et al.
Obstructive sleep openea: Plasma endothelin-1 precursor but not
endothelin-1 levels are elevated and decline with nasal continues positive
airway pressure. Peptides. 2005;26:1654-60.

6. Tjam EY, Heckman GA, Smith S, Arai B, Hirdes J, Poss J, et al. Predicting
heart failure mortality in frail seniors: Comparing the NYHA functional
classification with the Resident Assessment Instrument (RAI) 2.0. Int J
Cardiol. 2012;155:75-80.

7. Yanagisawa M, Inoue A, Ishikawa T, Kasuya Y, Kimura S, Kumagaye S, et al.
Primary structure, synthesis, and biological activity of rat endothelin, an
endothelium-derived vasoconstrictor peptide. Proc Natl Acad Sci.
1988;85:6964-7.

8. Yanagisawa M, Masaki T. Endothelin, a novel endothelium-derived peptide.
Pharmacological activities, regulation and possible roles in cardiovascular
control. Biochem Pharmacol. 1989;38(12):1877-83.

9. Walczak M, Fedorowicz A, Chtopicki S, Szymura-Oleksiak J. Determination of
endothelin-1in rats using a high-performance liquidchromatography
coupled to electrospray tandem mass spectrometry. Talanta. 2010,82:710-8.

10.  Akif M, Masuyer G, Schwager SL, Bhuyan BJ, Mugesh G, Isaac RE, et al.
Structural characterization of angiotensin 1 converting enzyme in complex
with a selenium analogue of captopril. FEBS J. 2011,278:3644-50.

11. Baudin B. New aspects on angiotensin-converting enzyme: from gene to
disease. Clin Chem Lab Med. 2002;40:256-65.

12. Danilov SM, Kalinin S, Chen Z, Vinokour El, Nesterovitch B, Schwartz E, et al.
Angiotensin T-converting enzyme GIn1069 Mutation impairs trafficking to
the cell surface resulting in selective denaturation of the cell surface
resulting in selective denaturation of the C Domain. PLOS One.
2010;10:10438-53.

13. Frohlich J, Sarraf AA. Cardiovascular risk and atherosclerosis prevention.
Cardiovasc Path. 2013;22:16-8.

14.  Hrira MY, Kerkeni M, Hamda BK, Chahed H, Ferchichi S, Addad F, et al.
Apolipoprotein A-l, apolipoprotein B, high-sensitivity C-reactive protein and
severity of coronary artery disease in Tunisian population. Cardiovasc Path.
2012,21:455-60.

15. Schen AJ. Renin-angiotensin system inhibition prevents type 2
diabetesmellitus. Diabetes Metab. 2004;30:498-506.

16.  Demacker PN, Veerkamp MJ, Bredie SJ, Marcovina SM, de Graaf J, Stalenhoef
AF. Comparison of the measurement of lipids and lipoproteins versus essay
of apolipoprotein B for estimation of coronary heart disease: a study in
familial combined hyperlipemia. Atherosclerosis. 2000;153:483-90.

17. Spinarova L, Spinar J, Vask( A, Goldbergova M, Ludka O, Toman J, et al. Big
endothelin in chronic heart failure: marker of disease severity or genetic
determination? Int J Cardiol. 2004,93:63-8.

18. Zhao W, Zhao D, Yan R, Sun Y. Cardiac oxidative stress and remodeling
following infraction: role of NADPH oxidase. Cardiovasc Path. 2009;18:156-66.

19. Majed B, Tafflet M, Kee F, Haas B, Ferrieres J, Montaye M, et al. External
validation of the 2008 Framingham cardiovascular risk equation for CHD
and stroke events in a European population of middele-aged men. The
PRIME study. Prev Med. 2013;57:49-54.

20. Russ TC, Hamer M, Stamatakis E, Starr JM, Batty GD, Kivimaki M. Does the
Framingham cardiovascular disease risk score also have predictive utility for
dementia death? An individual individual participant meta-analysis of 11,887
men and women. Atherosclerosis. 2013;228:256-8.

21. Gracoweski L, Stauke F, Bessard G. Endothelin-1 and
cardiovascularpathology. Rev Med Interne. 1999;20:589-99.

22. Blaidi E, Ribulot DG. The endothelin system: Its involvement in the
cardiovascular system. Rev Med Interne. 2010;31:792-4.



Chalghoum et al. BMC Cardiovascular Disorders (2016) 16:244 Page 7 of 7

23, Matsuda M, Shimomura I. Increased oxidative stress in obesity: Implication
for metabolic syndrome, diabetes, hypertension, dyslipidemia,
atherosclerosis and cancer. Obes Res Clin Protect. 2013;7:330-41.

24.  Kyriakides ZS, Kremastinos DT, Raptis AE, Johnston N, Raptis SA, Webb DJ,
et al. Impaired effect of endothelin-1 on coronary artery stiffness in type 2
diabetes. Int J Cardiol. 2006;112:207-12.

25. Mehri S, Koubaa N, Nakbi A, Hammami S, Chaaba R, Mahjoub S, et al.
Relationship between genetic polymorphism of angiotensin-converting
enzyme and methylenetetrahydrofolate reductase as risk factors for type 2
diabetes in Tunisian patients. Clin Biochem. 2010;43:259-66.

26. Rashtchizadeh N, Aghaeishahsavari M, Argani H, Noroozianavval M, Veisi P,
Ghorbanihaghjo A. Enalapril and lozarton effect lipids peroxidationin renal
transplant recipients with renin angiotensin system polymorphism. Clin
Biochem. 2007;40:194-200.

27. Kawada T, Andou T, Fukumitsu M. Metabolic syndrome showed significant
relationship with carotid atherosclerosis. Heart Vessels. 2015;30:664-70.

28. Larson A, Witman MA, Guo Y, Ives S, Richardson RS, Bruno RS, et al. Acute,
quercetin-induced reductions in blood pressure in hypertensive individuals
are not secondary to lower plasma angiotensin-converting enzyme activity
or endothelin-1: nitric oxide. Nut Res. 2012;32:557-64.

29.  Chalghoum A, Noichri Y, Chkioua L, Gammoudi |, Dandana A, Chahed H, et
al. Study of the intronic polymorphism of the angiotensin 1 converting
enzyme among Tunisianscoronary. Ann Cardiol Angiol. 2011;60:135-40.

30. Ogoh S, Brothers RM, Barnes Q, Eubank WL, Hawkins MN, Purkayastha S, O-
Yurvati A, Raven PB. Effects of changes in central blood volume on carotid-
vasomotor baroreflexsensitivity at rest and during exercise. J Appl Physio.
2006;101:68-75.

31.  Chalghoum A, Noichri Y, Karkouch |, Dandana A, Baudin B, Jeridi G, et al.
Metabolic interactions between hyperhomocysteinemia and endothelin-1
among Tunisian patients with acute coronary diseases. Biol Res. 2015;48:32-8.

32, lannaccone M, D'Ascenzo F, Templin C, Omede P, Montefusco A, Guagliumi
G et al. Prevalence and predictors of culprit plaque rupture at OCT in
patients with coronary artery disease: a meta-analysis. Eur Heart J. 2016 doi:
10.1093/ehjci/jev283

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

* Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at .
www.biomedcentral.com/submit () BiolVled Central



http://dx.doi.org/10.1093/ehjci/jev283

	Abstract
	Background
	Results
	Conclusion

	Background
	Methods
	Populations study
	Laboratory analysis
	Statistical analysis

	Results
	Discussion
	Conclusion
	Abbreviations
	Acknowledgments
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Author details
	References

