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INTRODUCTION

Heart failure is inability of the heart to pump enough blood to meet the body's requirements
of nutrients and oxygen, which causes irregular heartbeat, shortness of breath, chest pain,
fatigue, body weakness, and a change in the pulse [1]. Oxidative stress is the state of imbalance
in the system of oxidants and antioxidants towards the production of more oxidants reflecting
an imbalance between the systemic manifestations of Radical Oxidative Stress ROS and the
ability of the organism to easily detoxify the reaction intermediate or repair the resulting
damage [2]oxidative stress is associated with ageing and with diseases such as cardiovascular
disease, chronic kidney disease, neurodegenerative diseases and cancer[3]. ACE2 enzyme (Ec
3.4.17.23) was discovered in 2000 It is a monocarboxylate peptide and it is considered a
metalloproteinase. It consists of (805) amino acids. It is a type-1 transmembrane protein, and
molecular weight (110-120)KDa [4]. ACEZ2 is a major component of the renin-angiotensin-
aldosterone system (RAAS) where it converts angll into ang(1-7) (RAAS )is regulates a range
of physiological and pathological functions including cell proliferation, invasion and
differentiation as well as inflammation and oxidative stress[5].ACE2 plays a protective role in
organ damage by protecting pro-inflammatory actions of Angll, and ACE2 reduces oxidative
stress caused by Angll through its production of Ang (1-7) when bound to the Mas receptor,
reduces ROS, increases endothelial nitric oxide(NO) formation, improves the antioxidant
capacity of tissues, and prevents endothelial dysfunction[6], Therefore, the RAAS system
contains pro-inflammatory and anti-inflammatory actions. The pro-inflammatory actions are
due to the effect of Angll, which acts on the AT1R receptor. It activates many pathways related
to tissue injury, inflammation, fibrosis, inhibition of protein kinases and nuclear transcription
factors, recruitment of inflammatory cells, adhesion of monocytes, and release of cytokines and
chemokines, while the ACE2and Ang(7-1) axis suppresses inflammation by inhibiting
leukocyte migration, cytokine expression and release, and fibrotic pathways[7]. Exposure to
many environmental toxicants can affect ACE2 expression and this may increase the severity
of infections [8]. Studies revealed an enhanced expression of ACE2 in polluted air that contains
nanoparticles and exposure to NO2 and other substances. particulate matter enhances ACE2
expression after chronic exposure to these pollutants [9]. ACE2 mRNA and protein levels
increase in response to acute hypoxia. Increased cell migration and proliferation are associated
with decreased ACE2 expression in hypoxia-exposed cells[10].

The Aim of Research:

The research Aims are to measure some of the biochemical parameters related to heart
disease, such as lipid, some antioxidants and oxidants in the patient's blood serum, the ACE2
enzyme, and to study the effect of smoking and BMI on the incidence of heart disease, and then
to find the linear correlation coefficient between the ACE2 enzyme and all the studied
biochemical parameters to identify the effect of the enzyme and antioxidants, oxidants on
disease, as well as a study of the mechanism of action of the ACE2 enzyme and its physiological
effect on the body.
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Materials and Methods

Forty blood samples were collected from heart patients in age (20-70) years. The samples
should be divided into age groups in order to show differences in results and the effect of these
factors and the results of the males should be isolated from females due to the different
physiology of these two groups, males (22) and females (18), and (25) blood samples were
collected from healthy people as a control group for both sexes, males (15) and females (10),
the blood serum was separated from All blood samples were then estimated for some
biochemical parameters

-Estimating of ACE2 enzyme: the enzyme was estimated using Fine Test kit (China)by enzyme-
linked immunoassay ELISA technique [11].

-GSH: was estimated using Elman's reagent by modified method for researchers (Sedlak and
Lindsy,1968) [12].

- ARE enzyme: was estimated by analyzing the substrate phenylacetate to phenol and acetic acid
[13].

-Ceruloplasmin: it was estimated using (para-phenylenediamines) by a modified method for
researchers (Menden et al,1977)[14].

-Malondialdehyde: it was estimated using Thiobarbituric acid (TBA) by modified method for
researchers (Guidet and Shah;1989) [15].

-Cholesterol: it was estimated using BIOLABO Kit (France)[16].

-Triglyceride: it was estimated using BIOLABO Kit(France)[17].

-LDL.: it was calculated according to the following equation:

LDL-C =TC-HDL-C-VLDL-C[18].

-VLDL.: it was calculated according to the following equation: VLDL=TC/5 [19].

-HDL.: it was estimated by using BIOLABO Kit (France) [20].

-Atherogenic Index (Al): It was calculated according to the following equation:

Al=Log (TG/HDL-C) [21].
-Antiatherogenic Index (AAI): it was calculated according to the following equation:
AAI=HDL-Cx100/(TC-HDL-C) [22].

Data Analysis:

The data were analyzed statistically using the T-test method to find differences between
two parameters, find the mean for the measured biochemical parameters and the standard
deviation, the linear correlation coefficient(r)] was performed to identify the relation between
different clinical parameters and ACE2 by using the statistical analysis program (SPSS 22) [23].

Results and Discussion
1- ACEZ2 concentration in heart patients compared with the control group:

Figure 1. shows that there is a significant increase in the activity of the ACE2 enzyme in
heart patients, as it was (0.69 £ 0.22 ng/ml) compared with its activity in healthy group (0.47
+0.17 ng/ml), where this result is consistent with [24], the activity of the enzyme is an indicator
of the weakness of the lining of blood vessels, atherosclerosis, and that Angll binds to its
receptors to constrict blood vessels and increase cardiac output, blood pressure [25].
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ACE2 Concentration ng/ml

control ACE2

*** Significant difference between heart patients and control at p<0.001
Fig. 1. ACE2 activity ng/ml in heart patients and control group

2-Some Clinical parameter concentrations in heart patients compared with the control
group:

The results in Table 1 show that there is a significant decrease in the concentration rate
of GSH enzyme in heart patients compared with the control group, It is confirmed that both
GSH and NO are regulators of the heart muscles and cardiac tissues, which are reduced in heart
failure[26], the results also showed a significant decrease in ARE enzyme in the patients
compared with healthy subjects, The reason may be due to the fact that the activity of the
paraoxonase (PON1) and the ARE enzyme is less in coronary heart disease and that lipoprotein
a (LPa) is oxidized in the wall of blood vessels and plays a role in complete occlusion coronary
artery disease due to hyperlipidemia [27]. The same Table also noted a significant increase in
the concentration of Ceruloplasmin in the patients. This is due to the action of ceruloplasmin as
an oxidant, which is positively associated with coronary heart disease [28]. The results also
showed in Table 1 a non-significant increase in the concentration of Malondialdehyde
compared with healthy subjects, this is because MDA is considered a major factor in the
molecular mechanisms of vascular wall damage in the development of heart disease, and it is a
by-product of lipid peroxidation, free radicals, and increases in oxidized LDL [29].

while the same table showed a non-significant increase in the concentration of cholesterol,
a significant increase in the LDL in patients compared to healthy subjects the reason is due to
an increase in the ratio of LDL/HDL is associated with an increase in coronary artery stenosis,
as LDL increases with an increase in body mass index (BMI) [30], also, the results showed a
significant increase in the concentration of TG and VLDL. This result is consistent with what
was stated by [31, 32] that the increase in triglycerides is an indicator associated with the risk
of developing cardiovascular diseases and is a sign of insulin resistance in the elderly, VLDL
also increases the risk of vascular disease, and the hydrolysis of triglycerides generates
inflammation, causing the release of free fatty acids, which stimulate inflammation of the lining
of blood vessels, while the results showed a significant decrease in HDL The reason may be
that Cholesterol ester transfer protein ( CETP) facilitates the exchange of triglycerides and
cholesterol ester between HDL and apolipoproteins containing lipoproteins B100. Therefore,
inhibition of CETP increases HDL and reduces LDL, A100, and non-HDL, resulting in a
cardiovascular benefit [33].
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Table 1. Some Clinical parameters concentration in
heart disease patients and control group

Clinical Parameters Patients Control Group
GSH pmol/L 1.4 + 0.44*** 2.1+0.59
ARE enzyme U/ml 97.3 + 8.73*** 116.6 + 8.0
Ceruloplasmin pmol/L 240.6 + 2.7*** 228.1+7.18
h"gg}?fia'dehyde 3.6+05 3.4+ 054
Cholesterol mg/dl 162.17 + 18.49 149.33 + 26.1
Triglyceride mg/dl 166.38 + 35.69*** 143.66 + 26.11
LDL mg/dl 99.32 + 19.79*** 78.71 + 25.99
VLDL mg/dl 33.27 + 7.13*** 28.73 +5.22
HDL mg/dI 29.58 + 7.12%** 40.82 +6.94
Al 0.75 + 0.15*** 0.54 +0.13
AAl 22 + 6.3*** 37.6 +9.47

***Significant difference at p<0.001

3-Correlation between ACE2 activity and measured Clinical parameters in heart patients
comparing to the control group:

The results in Table 2 showed that the associations are not significant between ACE2 and
the biochemical parameters measured, while other studies showed that Angll is associated with
a significant positive correlation with cholesterol, TG, LDL, and VLDL, and a negative
significant correlation with HDL, also smoking increases ACE synthesis and changes the
inflammatory state [34]. ACE level rise due to lipid levels during oxLDL synthesis, smoking
causes the release of reactive oxygen species, lipid oxidation, and reduces antioxidants [35,
36], also, the studies showed that genetic deletion of ACE2 causes a decrease in NO
concentration, and that defect in ACE2 leads to a decrease in the activity of the superoxide
Dismutase (SOD) enzyme and an increase in lipid peroxidation, which indicates a weak ability
of antioxidants [37]. Also, the deficiency of the MAS receptor indicates a decrease in SOD and
catalase activity, an increase in lipid peroxidation, and ROS levels, accompanied by impaired
endothelial function and an increase in blood pressure [35]. Also, Ang (1-7) produced from
ACE?2 plays a role in inhibiting inflammatory signals and protein kinase C(PKC) and has an
anti-inflammatory effect. Inhibiting neutrophil aggregation and leukocyte adhesion, inhibiting
the inflammatory cytokines IL-1B, IL-6 and tumor necrosis factor (TNF) and enhancing the
anti-inflammatory cytokine I1L-10 [7].
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Table 2: Correlation between ACE2 activity and Clinical parameters in heart
patients comparing to the control group

Clinical Parameters Patients r-value Control Group r-value
GSH pmol/L 0.069 - 0.09
ARE enzyme U/ml - 0.046 - 0.202
Ceruloplasmin pmol/L -0.019 0.12
Malondialdehyde pmol/L - 0.016 0.345
Cholesterol mg/dl 0.032 0.215
Triglyceride mg/dl 0.059 -0.105
LDL mg/dl -0.072 0.290
VLDL mg/dl 0.059 - 0.105
HDL mg/dl 0.223 -0.152
Al - 0.137 0.032
AAI 0.134 -0.075

3-Effect of smoking on ACE2 activity in heart patients and control group

Table 3 shows that there is a significant increase in the activity of the ACE2 enzyme in
smokers and non-smokers compared with healthy subjects. This may be due to the fact that
smokers who suffer from coronary heart disease have a low level of antioxidants and a higher
level of lipid peroxidation compared to non-smokers. Studies have found that the amounts of
MDA emitted from the red blood cells of smoker heart patients are much higher than that of the
healthy group and that oxLDL enhances platelet adhesion, destroys DNA strands and leads to
cell death, and angiotensin-converting enzyme is also produced in lung endothelial cells
resulting from smoking, the activity of angiotensin-converting enzyme It may increase the
cardiovascular events associated with smoking [36].

Table 3: Effect of Smoking on ACE2 activity in heart patients compared
with the control group

. ACE; Activity (ng/ml) (Mean + S.D.)
Smoking Patients Control
Smokers 0.76 + 0.188*** 0.34 + 0.168**
Non-Smokers 0.68 + 0.21*** 0.4+0.14

** Significant difference between smokers and non-smokers in the control group at p<0.01
*** Significant difference between patients and control group at p<0.001

4-Effect of Body Mass Index (BMI) on ACE2 activity in heart diseases and control group

The results show in Table 4 that there is a rise in the activity of the ACE2 enzyme with
an increase in the body mass index (BMI), and this is consistent with [38] that the enzyme is
positively associated with the body mass index and the percentage of fat, and that obesity caused
by a high-fat diet (HFD) activates the renin-angiotensin system through the role of ACE2.
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Table 4: Effect of BMI on ACE2 activity in patients compared to control.

BMI kg/m? ACE; Activity (ng/ml) (Mean + S.D.)
Patients Control

18.5-24.9 0.6+0.1 05+0.1

25-29.9 0.6 +0.13*** 04+0.1

30- 39.9 0.7 + 0.28* 04+0.2

> 40 0.9 + 0.12** 0.7+0.23

* Significant difference between patients and control group at p<0.05
** Significant difference between the fourth category and the rest of the categories at p<0.01
*#%* Significant difference between patients and control group at p<0.001

Conclusion

It is concluded from the research that the ACE2 enzyme plays an important role as an
antioxidant and reduces inflammation through its formation of (1-7) Ang and inhibition of the
effect of Angll and that ACEZ2 is increased by increasing smoking, lipid parameters and body
mass index (BMI), also ACE2 is increased by increasing antioxidants and decreases by
increasing oxidants in cells.
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