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ABSTRACT
Myocardial necrosis caused by ischemia is called a myocardial infarction (MI). which
interrupts coronary blood supply. When the oxygen supply to the heart is insufficient to
meet metabolic demands, myocardial ischemia occurs. Atherosclerosis, which obstructs
ICLE
the coronary arteries, is the most common underlying cause of myocardial ischemia. The
role of arginase-1 (ARG-1) and serum lipids in the pathogenesis of myocardial infarction
is becoming clearer. This study aims to see if there is a link between ARG-1 activity and
MI in the Iraqi population. Between the first of November 2021 and the first of February
2022, 90 people were separated into two groups: 45 patients with MI and 45 healthy
controls. Human ARG-1 was measured in serum blood using the ELISA method. The
serum lipid was measured using the spectrophotometry technique. The current
investigation discovered a substantial (p=0.01) rise in ARG-1 concentration compared to
control groups, as well as a significant difference in blood lipid content between patients
and control groups (p<0.05). Finally, ARG-1 may have a role to play role in the
pathogenesis of MI.

INTRODUCTION

This is an Open Access article
distributed under the terms of the
Creative Commons Attribution
Non-Commercial License, which
permits unrestricted noncommercial use, distribution, and
reproduction in any medium,
provided the original work is
properly cited.

Myocardial Infarction (MI) is the most common kind of vascular illness and the leading
cause of death worldwide among all cardiovascular diseases (CVD) [1]. The rupture,
erosion, blockage, or blood clot formation in the coronary artery leads to stopped blood
that reaches the heart causing a myocardial infarction disease. In addition, the heart
cells may die as myocardial infarction causes permanent coronary artery blockage in
about 30% of patients [2]. MI also refers to myocardial necrosis that occurs as a result of
ischemia, which interrupts coronary blood flow. Ischemia causes necrosis in the subendocardial myocardium, which starts 15 to 20 minutes after the coronary artery is
blocked [3]. A recent study suggests that arginase-1 (ARG1) has a role in the onset,
progression, and consequences of MI [4].
Arginase- 1 (ARG-1) is one of the important enzymes in the urea cycle, which is
universally called (EC: 3.5.3.1), and has a role in protein catabolism and ammonia
breakdown [5, 6]. In addition, this enzyme was found in many cells and tissues,
including phagocytic cells, endothelial cells, and smooth muscle, and it had a role in
nitric oxidation and arginine metabolism in liver tissue [7]. Several studies reported
that patients with myocardial infarction showed an increase in the concentration of
arginase enzyme in the blood [8]. Where elevated ARG1 levels are inversely correlated
with the left ventricular ejection fraction in patients, this enzyme could serve as a
functional marker by which to detect an individual's susceptibility to heart defects [9].
According to a 2007 study, blood total cholesterol is linked to cardiovascular disease in
a favorable and substantial way (CVD). Cholesterol plays a critical role in the health of
the human heart. High serum cholesterol levels are a major risk factor for human
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cardiovascular diseases like coronary artery disease and stroke. Plaque (a thick, hard
deposit) can form in artery walls when too much cholesterol is in the blood [10].
Heart diseases cause many disorders in the body, including high levels of lipids in the
body, especially triglycerides, so it can be considered a sign of dysfunction in the
performance of the heart, in addition to the increase in the level of triglycerides and
decrease in the levels of low-density lipoprotein (LDL) or vice versa causes
atherosclerosis. It can increase the risk of stroke and heart attack as a result of the
accumulation of fat in the walls of the arteries [11]. Another type of lipid called "good
cholesterol" or high-density lipoprotein (HDL) is usually removed from body tissues
and blood vessel walls by the liver. The amount of these lipids is inversely proportional
to atherosclerosis, as the higher its concentration, the lower the incidence of disease.
HDL transports cholesterol from other regions of the body to the liver, where it is
excreted. As a result, HDL helps to prevent cholesterol from forming in the arteries'
walls [12].
LDL carries the majority of cholesterol in the blood, and LDL cholesterol is the primary
cause of artery damage and blockage. As a result, the higher the level of LDL in human
blood, the greater the risk of heart disease [13]. The liver is where very-low-density
lipoprotein is made. Their diameter varies from 40 to 200 nm, depending on the
quantity of their core lipid, particularly TG. TG and sterols are found in the liver
(mostly CE). It also has other functions, including transporting triglycerides and fatty
acids from the liver to the peripheral tissues [13]. VLDL remnants are a kind of VLDL
that, like LDL, promotes atherosclerosis. VLDL remnants are made up of partially
degraded VLDL and are high in cholesterol ester [14].

MATERIALS AND METHODS
Sample collection
This study design was a case-control study and was made in the clinical biochemistry
laboratories of the College of the Medicine / University of Babylon. A total of 90 people
took part in this prospective case-control study, 45 of whom had a myocardial
infarction (45 patients) and 45 of whom appeared to be in good health. All the samples
were obtained between November 1, 2021, and February 25, 2022. Marjan Teaching
Hospital/ Shaheed Al-Mehrab Center in Hilla, Babylon Province, Iraq was used to
collect samples

Inclusion and exclusion criteria
Inclusion Criteria were the patients with Myocardial infarction. We have excluded the
patients with renal disease, diabetic ketoacidosis (DKA), cardiogenic shock liver disease

Ethical statement
Written permissions were taken by volunteers before taking samples for research and
the procedures for this research were carried out under the ethical approval numbered
(DSM/HO-15314) for scientific research from the ethics committees of the Ministry of
Higher Education and Scientific Research and the Iraqi Ministry of Health.
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Biochemical analysis
The biochemical tests was making on the Myocardial infarction patients ranged in age
from 42 to 73 years old, including the body mass index (BMI) equation test was used to
show the ratio of weight to height in the body, which is often used by nutritionists to
determine the weight as healthy or unhealthy [15], so the BMI (kg/m2 ) = weight (kg) /
height (m2 ), and determination of Serum Arginase-1 in the patient and control groups
by using ELISA assay from Bioassay (China) according to the manufacturer's
instructions, The plate has been pre-coated with Human ARG1 antibody. ARG1 present
in the sample is added and binds to antibodies coated on the wells. Then biotinylated
Human ARG1 antibody is added and binds to ARG1 in the sample. Then Streptavidin
HRP is added and binds to the Biotinylated ARG1 antibody. After incubation unbound
Streptavidin-HRP is washed away during a washing step. The substrate solution is then
added, and color develops in proportion to the amount of Human ARG1. The reaction
is terminated by the addition of acidic stop solution and absorbance is measured at 450
nm [16].

Determination of serum lipids
The concentrations of total cholesterol (TC), TG, HDL-C, LDL-C, and VLDL-C were
determined using a spectrophotometric technique. Total cholesterol, Triglyceride, HDLC kits Biolabo SA (France).

Determination of serum total cholesterol
Cholesterol concentration was determined enzymatically according to the method
described by Allain C. et al. [17]. as shown in the following reactions
cholesterol esterase

Cholesterol esters ⇒

Cholesterol + free fatty acids

cholesterol oxidase

Cholesterol + O2 ⇒

Cholesten 4 one 3 + H2 O2
peroxidase

H2 O2 + Phenol + PAP ⇒

Quinoneimine (pink) + 4 H2 O

Determination of serum HDL-C
Chylomicron, LDL, and VLDL were precipitated by phosphotungstic acid and
magnesium chloride. HDL-cholesterol obtained in the supernatant after centrifugation
is then measured with TC reagent [18]

Determination of serum triglyceride (TG)
Triglyceride concentration was determined by an enzymatic procedure corresponding
to the method expressed by Fossati P. and the principal method associated with the
Trinder reaction, as shown in the following reactions [19].
𝑇𝑟𝑖𝑔𝑙𝑦𝑐𝑒𝑟𝑖𝑑𝑒𝑠 ⇒
𝐺𝑙𝑦𝑐𝑒𝑟𝑜𝑙 + 𝐴𝑇𝑃

𝑙𝑖𝑝𝑎𝑠𝑒

𝐺𝑙𝑦𝑐𝑒𝑟𝑜𝑙 + 𝑓𝑟𝑒𝑒 𝑓𝑎𝑡𝑡𝑦 𝑎𝑐𝑖𝑑𝑠

𝐺𝑙𝑦𝑐𝑒𝑟𝑜𝑙 𝑘𝑖𝑛𝑎𝑠𝑒

⇔

𝐺𝑙𝑦𝑐𝑒𝑟𝑜𝑙 3 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 𝐴𝐷𝑃

𝐺𝑙𝑦𝑐𝑒𝑟𝑜𝑙 3 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 𝑜𝑥𝑖𝑑𝑎𝑠𝑒

𝐺𝑙𝑦𝑐𝑒𝑟𝑜𝑙 3 𝑝ℎ𝑜𝑠𝑝ℎ𝑎𝑡𝑒 + 02 ⇔

𝑃𝑒𝑟𝑜𝑥𝑖𝑑𝑎𝑠𝑒

𝐻2 𝑂2 + 4 − 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑒𝑛𝑜𝑙 + 𝑃𝐴𝑃 ⇒
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The absorbance of the colored complex (quinonimine), at 500nm is proportional to the
amount of triglycerides in the specimen .

Determination of serum VLDL-C
The concentration of VLDL-C was determined by dividing the triglyceride value, by 5
VLDL-cholesterol ((mg)⁄(dl)) = TG/5.

Determination of serum LDL-C
Concentration of LDL was calculated by using Fried Ewald equation. LDL-cholesterol
(mg/dL) = Total-cholesterol − HDL-cholesterol – TG/ 5 [20].

Statistical analysis
The data were statistically analyzed using SPSS version 26, where the variables,
percentages, variances, and mean of differences were found depending on the
probability at p > 0.05 [16].

RESULTS
Demographic characteristics of the subject of study
Table 1 showed the mean age between myocardial infarction patients and the control
group, where the percentage of infection of age ≥ 55 years shows at (71.2 %), while the
patients with age ≤ 55 years show (28.8 %).

Table 1. The association between myocardial infarction patients and the control group according to age.
Features

Patients, n = 45

Control, n = 45

P-Value

Mean ±SD
Age (years)

60.13 ± 9.42

57.82 ± 9.45

≥ 55 (%)

13 (28.8 %)

29 (64.5 %)

≤ 55 (%)

32 (71.2 %)

16 (35.5%)

0.0249*

*The significant differences at p ≤ 0.05

Determination of the body mass index in serum of MI patients
Table 2 showed the association between MI patients and the control group according to
body mass index, where the mean of patients at 30.1 ± 3.74. the percentage of normal
people group shows at (13.3 %), while in overweight group shows at (49%), in addition,
the obese group shows at (37.7%).

Table 2. The association between patients and the control group according to body mass index.
Characteristic

Patients, n = 45
Mean ±SD
30.1 ± 3.74
6 (13.3 %)
22 (49 %)
17 (37.7 %)

BMI (kg/m2)
Normal
Overweight
Obese

Control, n = 45
29.4 ± 3.56
21 (46.6 %)
19 (42.2 %)
5 (11.2 %)

P-Value
0.0382*

*The significant differences at p ≤ 0.05
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Determination of the arginase enzyme 1 in serum of MI patients
Figure 1 showed the mean correlation between the MI patients and arginase 1 activity,
where the mean of patients shows at (33.5 ± 11.08), while the mean in the control group
was (24.9 ± 6.56).

Figure 1. Correlation between MI patients and ARG1 activity. * Refer to groups that show significant
differences when compared to control groups.

Determination of the lipid profile in serum of MI patients
Figure 2 showed the mean correlation between MI patients and lipid profile groups,
where the mean of TC shows significant differences at (205.1 ± 53.64), TG show at (226.1
± 68.03), HDL-C shows at (42.4 ± 9.28), LDL-C shows at (114.9 ± 39.5), and VLDL-C
shows at (46.5± 13.6).
Figure 3 showed the mean correlation between arginase 1 activity and lipid profile
groups, where the mean of TC shows significant differences at (205.16 ± 53.64), TG
show at (226.16 ± 74.12), HDL-C shows at (42.18 ± 9.48), LDL-C shows at (114.91 ±
53.66), and VLDL-C shows at (46.32 ± 16.34).

Figure 2. Correlation between MI patients and lipid profile. * Refer to groups which show significant
differences when compared to control groups.
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Figure 3. Correlation between arginase1 activity patients and lipid profile. * Refer to groups that show
significant differences when compared to control groups.

DISCUSSION
In this study, it was found that most patients with MI fall within the age group of more
than 55 years. These results are supported by research from around the world. Also,
this study agrees with another which states that MI may occur at any age, but it occurs
mainly in the age between 55-85 years old [17]. Many diseases are associated with age,
including coronary atherosclerosis (CAD) and cardiovascular disease (CVD), where
these diseases increase by 50% in people over the age of 60 years, so the highest
incidence of coronary artery disease is in older patients age, which is often
accompanied by an increase in morbidity and mortality rates [18].
The results that we obtained in Table 2 indicated that myocardial infarction disease was
more incidence in obese /overweight people in contrast to the control group, this was
consistent with the Yusuf et al [19] who found that the percentage of myocardial
infraction was more in obese or overweight people compared to others. In addition,
Sandfort et al [20] mentioned that there are many diseases whose morbidity increases
with the increase in obesity, including diabetes mellitus, high blood pressure, and
cardiovascular diseases, in addition to myocardial infarction, which may increase the
death rate in these people.
In the current study, the percentage of arginase 1 enzyme was high in patients with
myocardial infarction. These results were consistent with the study made by Shah et al
[21] which indicated that there is a strong correlation between myocardial infarction
and arginase 1, and the percentage of this enzyme increases with increased disease
severity, which reached high rates compared to healthy controls. In addition, there is a
statistically significant correlation between the ratio of arginase-1 enzyme and
myocardial infarction patients, and it may be related to the development of symptoms
of the disease and an increase in its severity [22–24].
Patients with atherosclerosis and during myocardial ischemia-reperfusion suffer from
an increase in the activity and percentage of the enzyme arginase in the blood [25]. In
addition, the study conducted by Molek et al. on patients with myocardial infarction
indicated an increase in arginase that was due to the production of metabolism of eNOS
to arginase 1, as well as an increase in the proportion of amino acids in plasma [26]. The
experiments also showed the upregulation of the enzyme arginase 1 and its reperfusion
www.bsmiab.org/jabet
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after ischemia located at endothelial cells, smooth muscle cells, and cardiomyocytes
[27]. Nitric Oxide (NO) has an important role in regulating cardiovascular homeostasis
through its vasodilating, anti-inflammatory, and anti-thrombotic effects, and is an
important protective factor against myocardial infarction and atherosclerosis [28, 29].
Atherosclerotic diseases and myocardial infarction lead to a dysfunction in the lining of
blood vessels which causes an increase in competition of arginase 1 with nitric oxide
synthase (NOS) for the common substrate - L-arginine due to an increase in its
concentration and inhibits the biosynthesis of nitric oxide (NO) [30]. Therefore, an
increase in arginase-1 activity leads to a decrease in the bioavailability of nitrogen oxide
and an increase in susceptibility to ischemia and reperfusion infection, and these events
lead to dysfunction and plaque formation in the vascular endothelium [31].
Lipid profile plays a pivotal role in the development of CVD [32]. The current study
results were in agreement with a previous study done in Turkey, by Dun et al.,2019
that showed a statistically significant relationship between high TC levels and
myocardial infarction incidence with a p-value (<0.05). They reported that increased
TC in patients with MI than in the control group [32].
The increase in the concentration of cholesterol leads to the formation of some blood
clots within the arteries, which can be carried by the blood to different parts and organs
of the body. In addition, atherosclerosis leads to the narrowing of the walls of the blood
vessels, which slows the movement of blood, and with the presence of blood clots, a
myocardial infarction occurs [33], this was consistent with our study that shows
increasing of cholesterol in the myocardial infarction patients. The researcher Folsom et
al [34] mention that the incidence of myocardial infarction increases with increasing
levels of both TG and LDL-C, in addition, triglycerides are considered one of the most
prevalent types of lipids in the body, which is the result of increased body lipids and an
increase in metabolic disturbances related to the abnormal concentration of TGs in the
blood [35], which may increase the risk of developing myocardial infarction, as shown
in Table 4
Results of the present study also agreed with a study by Park et al., [36] which showed
a statistically significant relation between HDL-C levels and myocardial infraction
with a p-value (<0.05) and mentioned that an increase in the ratio of HDL-C decreases
the risk of cardiovascular disease, while a decrease in its ratio increases the risk of
recurrent myocardial infarction and cardiovascular death [35, 37]. Another study by
Michael V. Holmes, Iona Y. Millwood et al.,2018 in China showed a statistically
significant relationship between high VLDL-C levels and myocardial infarction
incidence with a p-value (<0.05) [6].

CONCLUSIONS
Myocardial Infarction seems to link with age and males are more susceptible than
females. The high levels of ARGI in the patients compared to control may give an
impression it may play a role in the pathogenesis of MI. High total cholesterol,
triglycerides, VLDL-cholesterol, LDL-cholesterol, and low HDL-cholesterol
concentrations are important risk factors in the development of coronary artery disease
so complete lipid profile is always advisable.
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