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ABSTRACT

Diabetes mellitus is a disease characterized by disorder in metabolism
and abnormally high blood glucose resulting from low levels of insulin
with or without irregular resistance to the action of insulin. Diabetes is a
prime risk factor for cardiovascular disease. Diabetic complications
account for much of the morbidity and mortality in diabetes. Disturbances
in lipid profile have been one of the major contributors to cardiovascular
disease.

Ghrelin, a peptide hormone is accountable for alteration in energy
balance influenced by growth hormone secretion and nutrition.
Furthermore, it controls glucose metabolism. Revisions have proposed
that ghrelin levels change in diverse functional disorders such as heart
diseases and diabetes mellitus.

This study included patients who attended lbn—-Al Nafees Teaching
Hospital and Iraqi center of Myocardial Infarction, Baghdad Teaching
Hospital from December 2018 to February 2019.

Patients with end-stage myocardial infarction were designated with and
without type 2 diabetes. The study contains 100 patients (50 with diabetes
and 50 without diabetes), their ages ranges were 40 to 65 years. The
patients with myocardial infarction were diagnosed based on from
medical reports, laboratory and clinical tests counselor heart disease.
Thus, the results of myocardial infarction patients were equated with (50)
healthy age coincide (35-65) years. The control group was selected as
healthy and not suffering from heart diseases, diabetes, or hypertension.

The present study included numerous parameters e.g. fasting serum
glucose, serum lipid profile, serum insulin, ghrelin, ferritin, cortisol,

testosterone, urea, creatinine, and have defined their relationship between

IX



serum ghrelin and these factors. All these factors have a major causative
role in the pathogenesis of cardiovascular disease in these patients.

The results showed a significant increase in body mass index, fasting
serum glucose, total cholesterol, triglyceride, low density lipoprotein
cholesterol, serum urea, creatinine, ferritin, and cortisol in myocardial
infarction patients with diabetes as paralleled to those without diabetes,
while there was a significant decrease in myocardial infarction patients
with diabetes as paralleled to those without diabetes.

Myocardial infarction patients (with/without diabetes) had lipid
abnormalities, insulin resistance, low levels of serum ghrelin and
testosterone, disturbance of urea and creatinine.

The aim of current study was evaluation of serum ghrelin in CVD (with /
without) type 2 diabetic patients and, evaluation of ferritin, cortisol,
testosterone, insulin levels sera lipid profile and compared them with

health individuals.
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Chapter One Introduction

1.1 Diabetes Mellitus:

Diabetes mellitus (DM) has been known as a heterogeneous
metabolic disorder characterized by the presence of hyperglycemia due to
impairment of insulin secretion, defective insulin action or both. The
chronic hyperglycemia of diabetes is associated with relatively specific
long-term microvascular complications affecting the eyes, kidneys and
nerves, as well as an increased risk for cardiovascular disease (CVD) [1].
Signs and symptoms of DM are listed in Table (1-1). Often symptoms are

not severe or may be absent [2].

Table (1-1): Signs and symptoms of DM [2]

Polyuria
Polydipsia

Polyphagia

Blurred vision

Extreme hunger

Impairment of growth and vulnerability to definite infections such

as skin infections

Unexplained weight loss

Ketoacidosis or non-ketotic hyperosmolar syndrome

In diabetes, glucose in blood cannot move efficiently into cells, so
blood glucose levels remain high. This not only starves all the cells that
need the glucose for fuel, but also harms certain organs and tissues

exposed to high glucose levels [3].

Several pathogenic processes are concerned in the development of
DM. These vary from autoimmune destruction of the B-cells of the

pancreas with ensuing insulin insufficiency to abnormality that result in
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resistance to insulin action. The basis of the abnormalities in
carbohydrate, fat, and protein metabolism in DM is incomplete action of
insulin on target tissues, which outcome from insufficient insulin
secretion and/or diminish tissue response to insulin at one or more data in

the multifaceted pathways of hormone action [4].
1.1.2. Diabetes Classification:

Diabetes can be categorized into the subsequent common

classifications:

- Type 1 diabetes mellitus (T1DM) due to autoimmune p-cell destruction,

usually foremost to absolute insulin deficit.

- Type 2 diabetes mellitus (T2DM) due to a progressive loss of B-cell

insulin secretion recurrently on the background of insulin resistance (IR).

- Gestational diabetes mellitus (GDM) diagnosed in the 2™ or 3™
trimester of pregnancy that was not noticeably overt diabetes former to

gestation and other particular types [5].

- Specific types of diabetes due to other causes, e.g., monogenic diabetes
syndromes (for instance neonatal diabetes and maturity-onset diabetes of
the young [MODY]), diseases of the exocrine pancreas (for instance

cystic fibrosis and pancreatitis), and drug- or chemical-induced DM [6].
1.1.2.1. Type 2 Diabetes Mellitus:

Type 2 DM (T2DM) is the most common type of diabetes which is
formerly known as an adult-onset diabetes. This type of diabetes is a
disturbance in metabolism and it is influenced by a number of factors;

mainly by two distinguished defective ways. Either pancreas decreases
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the secretion of insulin, or insulin is normally secreted but resistance
develops in its action in body tissue which leads to increased level in
blood. Several factors may play role in IR such as genetics, age, fat or
excessive glucose consumption [7]. As a result of IR, pancreatic B-cells
start producing more and more amount of insulin. The continuous
resistance in the action of insulin and increase of its concentration may
lead to the decrease in its production and eventually the extracellular
hyperglycemia [8]. Patients with this type of DM do not need insulin as a
therapeutic to survive, so this type was previously called none insulin
dependent diabetes. Most type 2 diabetic patients are obese, and obesity
itself causes some degree of IR. Patients who are not obese by traditional
weight criteria may have an increased percentage of body fat distributed
predominantly in the abdominal region. The high prevalence of diabetes
and its associated multiple complications, such as: CVD, blindness, renal
failure, lower extremity amputations, and premature death, lead to an

enormous overall burden of disease [9].
1.1.3 Diagnostic Tests for Diabetes Mellitus:

The recognition of patients with DM or pre-DM by screening allows
for earlier intervention, with possible reductions in prospect complication
rates, though randomized trials are missing to definitively show benefit.
The patient described in the vignette has risk factors like hypertension,
obesity and a family history of DM and might be screened [10]. Around
25% of patients with T2DM already have microvascular complications at
the time of diagnosis postulating that they have had the disease for more
than 5 years at the time of diagnosis [11]. As a consequence there are
diverse approaches to diagnose DM among subjects. The American

Diabetes Association (ADA) recommendations for diagnosis of DM focal

3
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point on fasting plasma glucose (FPG), while WHO focuses on the oral
glucose tolerance test (OGTT) [12].

1.1.4 Complications of Diabetes Mellitus:

Elevation of blood glucose level for a long time causes serious
complications. Long term or irreversible complication due to DM is
abnormality in eyes with complete loss of vision, renal failure and nerve
damage of peripheral region with damage at the end of organ.
Abnormality in the autonomic nervous system causes abnormal
functioning of gastrointestinal tract, urinary tract and also cardiovascular
(CV) system [13]. Diabetic patient is also at increased risk of
atherosclerotic CV, peripheral arterial and cerebrovascular disease.
Hypertension and abnormalities of lipoprotein metabolism are often
found in people with DM [14].

1.1.4.1 Cardiovascular Diseases:

Cardiovascular diseases are the class of diseases that involve the
heart or blood vessels. While the term technically refers to any disease
that affects the CV system, it is usually used to refer to those related to
atherosclerosis. These conditions usually have similar causes,
mechanisms, and treatments [15]. By the time that heart problems are
detected, the underlying cause atherosclerosis is usually quite advanced,
having progressed for decades. Atherosclerosis is a slow progressive
disease that begins with the deposition of lipids in the walls of large
blood vessels, particularly the coronary arteries (CA) [16]. Although a
very large plague can occlude the lumen of the artery, blood flow is
usually not completely blocked unless the plaque ruptures. This triggers
formation of a blood clot that can prevent circulation to the heart, causing

4


http://en.wikipedia.org/wiki/Heart
http://en.wikipedia.org/wiki/Blood_vessel
http://en.wikipedia.org/wiki/Circulatory_system
http://en.wikipedia.org/wiki/Atherosclerosis
http://en.wikipedia.org/wiki/Atherosclerosis

Chapter One Introduction

myocardial infarction (MI) or acute myocardial infarction (AMI),
commonly known as a heart attack [17]. This is most frequently due to
blocking of a coronary artery after the rupture of a wvulnerable
atherosclerotic plaque, which is an unstable collection of lipids
(cholesterol and fatty acids) and white blood cells especially
macrophages in the wall of an artery. The resultant ischemia and ensuing
oxygen shortage, if left untreated for a sufficient period of time, can cause
damage or death of heart muscle tissue. Symptoms of AMI include
sudden chest pain typically radiating to the left arm or left side of the
neck, shortness of breath, palpitations, sweating, nausea, vomiting, and

anxiety [18].

Among the diagnostic tests available to detect heart muscle damage
are an electrocardiogram (ECG), echocardiography, cardiac magnetic
resonance imaging (MRI) and various blood tests. The diagnosis of AMI
depends largely on cardiac markers in blood such as creatine kinase-MB
isoenzyme (CK-MB), creatine kinase-total, troponins and myoglobin
[19].

1.1.4.1.2 Diabetes Mellitus and Cardiovascular Disease:

Diabetes is a main risk factor for the development of
atherosclerosis. In addition to improved risk of Ml, stroke, and peripheral
vascular disease, diabetics undergo from a principally destructive form of
atherosclerosis with larger in-hospital mortality subsequent MI and an
elevated occurrence of heart failure, if they survive [20]. While diabetics
frequently have other associated risk factors for atherosclerosis e.g.,
obesity, hypertension, hypercholesterolemia, the further risk conferred by

DM and the principally destructive vascular and Ml that affects diabetics

5


http://en.wikipedia.org/wiki/Coronary_artery
http://en.wikipedia.org/wiki/Vulnerable_plaque
http://en.wikipedia.org/wiki/Vulnerable_plaque
http://en.wikipedia.org/wiki/Lipids
http://en.wikipedia.org/wiki/White_blood_cell
http://en.wikipedia.org/wiki/Macrophage
http://en.wikipedia.org/wiki/Artery
http://en.wikipedia.org/wiki/Ischemia
http://en.wikipedia.org/wiki/Hypoxia_(medical)
http://en.wikipedia.org/wiki/Chest_pain
http://en.wikipedia.org/wiki/Dyspnea
http://en.wikipedia.org/wiki/Palpitation
http://en.wikipedia.org/wiki/Sweating
http://en.wikipedia.org/wiki/Nausea
http://en.wikipedia.org/wiki/Vomiting
http://en.wikipedia.org/wiki/Anxiety
http://en.wikipedia.org/wiki/Electrocardiogram
http://en.wikipedia.org/wiki/Echocardiography
http://en.wikipedia.org/wiki/MRI
http://en.wikipedia.org/wiki/Blood_test

Chapter One Introduction

recommend that diabetes-related atherosclerosis includes distinctive
pathogenic mechanisms [21]. In fact, CVD is a main reason of morbidity
and mortality in type 2 diabetic patients. Individuals who have several
blockages of their CA, if they as well have DM which may promote from

bypass surgery [22].

1.2 Hormones Regulates Glucose Metabolism:

1.2.1 Insulin:

Insulin is a hormone promotes anabolism that balances subjects
caloric needs and intake with expenditure. Human insulin is a peptide
hormone composed of 51 amino acids and has a molecular weight of
5808 Da. Circulating and biologically active for insulin is monomeric
[23].

The pathologic at which target cells fail to respond to ordinary levels
of circulating insulin is called IR. Clinically, IR is defined as the inability
of endogenous or exogenous insulin to lower blood glucose and to

maintain metabolic homeostasis [24].

Insulin capability to stimulate the disposal of glucose differs at least
six fold in healthy individuals, and about one-third of the population that
IS most resistant to this action of insulin is at greatly risk to develop a
number of complications. Type 2 DM was the first clinical syndrome that
identified as being related to IR because it occurs when pancreas
individuals are unable to secrete enough insulin to compensate for the

defect in insulin action [25].

The IR is closely associated with several factors including

hyperglycemia, abnormal lipid profiles and alterations in inflammatory
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mediators which considered as risk factors for CVD in type 2 diabetic
patients [26].

Fat accumulation, usually due to overfeeding, overfills the present
subcutaneous fat cells, and leads to fat accumulation in the abdomen, the
visceral fat, muscles, and liver. The adipocytes in the visceral fat start to
produce many adipokines, which alter different metabolic processes:
serum lipids modify, elevated of blood pressure, purine and estrogen
levels, reduced testosterone levels, the thyroid gland may start to
dysfunction, and the production of insulin increases to 20 times the
normal level (hyperinsulinemia) [27]. After a longer period of time, the
pancreas fails in meeting insulin requirements after meals, foremost to

impaired glucose tolerance (IGT), and lastly to T2DM [28].
1.2.2 Growth Hormone Release Inducing:

Growth Hormone Release Inducing (Ghrelin) was identified in 1999
in a study which was designed to search for an endogenous ligand for an
orphan receptor, the type la growth hormone secretagogue receptor
(GHS-R1a) [29]. Ghrelin is a hormone formed principally by focused
cells of stomach called P/D1 cells present in the lining of stomach and is
secreted in small amount from epsilon cells of pancreas. In Pituitary
gland, hypothalamus, kidney, placenta and brain also have smaller
amount of ghrelin. Ghrelin elevates appetite by acting on the
hypothalamus which is a fraction of the brain control appetite and
promotes fat storage [30]. A further significant function of ghrelin is that
it promotes the growth hormones (GH) secretion from the anterior
pituitary gland by binding to its specific receptors GHSR present in the
anterior pituitary and these receptors have also been originate in adipose

tissue, heart and hypothalamus [31]. Ghrelin is appetite-stimulating and
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GH releasing peptide and it has been given the nickname, the -hunger

hormone [32].

Apart from its effect on GH, it has various important biological
actions like regulation of CV. Ghrelin has prokinetic effects in the
gastrointestinal tract and is thought to play an anti-inflammatory role
[33]. In addition, there is convincing evidence that ghrelin plays a role in
insulin release and glucose homeostasis. There remains much debate on
the effects of ghrelin on insulin signaling, and on its role in DM, and
these topics are modulating cell proliferation and survival, energy balance

and metabolism and plays a key role in the control of insulin release [34].

Microinjection of ghrelin into this nucleus considerably reduced the
mean arterial pressure and heart rate. This injection also inhibited
sympathetic activity. Thus, the regulation of insulin secretion by ghrelin
Is strongly associated to the blood glucose level. Additionally, the novel
octanoylated structure of ghrelin documented as a new discovery in
biochemistry. The recently recognized enzyme; ghrelin-O-acyl
transferase (GOAT) that catalyzes the acyl-modification of ghrelin, and
provides the secretory machinery of the ghrelin and may herald novel

development in appreciative of fatty acid metabolism [35].
1.2.2.1 Chemical Structure of Ghrelin Hormone:

Ghrelin is a 28-amino acid peptide hormone cleaved from the
precursor molecule preproghrelin [36]. It is produced by and released
from the stomach in at least two forms: acylated ghrelin and des-acyl
ghrelin [37]. Acylation is vital for ghrelin bioactivity and arises through
the addition of an octanoyl group to the serine at the third N-terminal

position in a reaction catalyzed by GOAT [38]. Acylated ghrelin makes
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up approximately 20% of the total circulating ghrelin, with the remainder
consisting of des-acyl ghrelin also known as unacylated ghrelin [39].
Ghrelin is most highly expressed in the stomach [40], which is the source
of most circulating ghrelin, but lower levels can also be detected in the
pancreas, intestine and hypothalamus. Acylated ghrelin binds to and
activates GHS-R with a half maximal effective concentration in the low
nanomolar range [41]. Summary of non orexigenic of ghrelin and its

signaling is illustrated in Figure (1-1).

+ /Decrease insulin secretioh™™
4

{d somatostatin receptor5
etero f- ation modulates ghrelin’s
ectop sulin

§ N
Ry
| /a

/
« Stimulate osteobla/st‘proliferaﬁon/

differentiation

* Regulate osteogaétogenesis in
age-depepdgﬁt manner

Summary of nonorexigenic functions of ghrelin and its signalling. CPB, cardiopulmonary bypass; GHS-R, grow

hormone secretagogue receptor; MI, mxocordicl infarction.

Figure (1-1): Summary of nonorexigenic functions of ghrelin and its signaling [41]

Des-acyl ghrelin also binds to GHS-R, but with an efficacy several
orders of magnitude lower than acylated ghrelin. The GHS-R is most
highly expressed in the arcuate nucleus of the hypothalamus and in the

anterior pituitary. It has been suggested that des-acyl ghrelin can exert
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some biological effects through an unidentified receptor or via a non-

receptor mediated mechanism [42].
1.2.2.2 Synthesis and Release of Ghrelin hormone

Approximately 60-70 % of circulating ghrelin is secreted by the
stomach, with most of the remainder originating in the small intestine.
Low-level ghrelin expression also occurs in several tissues outside the
gut, including hypothalamus (arcuate nucleus and paraventricular
nucleus), pituitary, lung, adrenal cortex, kidney, bone, testis, placenta and

pancreatic islet cells [43].

The human preproghrelin gene is located on chromosome 3p25-26
and consists of five exons with four introns. Spliced ghrelin messenger
ribonucleic acid (mMRNA) is translated to a 117-amino acid preproghrelin
precursor, which is consequently cleaved to produce ghrelin.
Additionally, obestatin, a 23-amino acid peptide is a supposed proteolytic
fragment of the preproghrelin precursor purified from rat stomach
extracts. In contrary to the appetite stimulating effects of ghrelin,
treatment of rats with obestatin suppressed food intake, suppressed
jejunal contraction and reduced bodyweight gain [44]. Nevertheless the
appetite inhibiting influence of obestatin unsuccessful to be established in
[45].

The amino acid sequences of mammalian ghrelin are well preserved,
principally the 10 amino acids in their NH, termini, which are identical.
This structural conservation and the universal constraint for acyl-
modification of the third residue designate that this NH,-terminal region

is of central significance to the activity of the peptide. Rat and human
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ghrelin vary in only two amino acid residues [46]. Structure of ghrelin

and des-acyl ghrelin is shown in Figure (1-2).

Ghrelin

O=C-(CHz)s-CH3

Acyl-transferase

‘ in ghrelin-producing cells

Esterase activ ity\

in plasma

Des-acyl ghrelin

Q
O=C-(CH 2)(,-C Hs

n-octanoic acid

Figure (1-2): Structure of ghrelin and des-acyl ghrelin[46]

1.2.2.3 Mechanism Action of Ghrelin Hormone:

Ghrelin containing neurons are present in the arcuate nucleus (ARC)
of the hypothalamus, a region implicated in appetite regulation [47]. In
fact, intracerebroventricular injection of ghrelin increases cumulative
food intake and reduced energy expenditure, ensuing in body weight gain
[48]. This orexigenic influence of hypothalamic ghrelin is regulated
through a neuronal network relating food intake. To motivate the liberate
of the orexigenic peptides, ghrelin-containing neurons send efferent fibers
onto neuropeptide Y (NPY) and agouti-associated protein (AgRP)-
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expressing neurons. Alternatively, to suppress the release of the
anorexigenic peptide, ghrelin-containing neurons send efferent fibers onto

pro-opiomelanocortin (POMC) neurons [49].

The ARC is as well a target of leptin, an appetite-suppressing
hormone formed in adipose tissues. Leptin directly suppressed appetite-
stimulating influences of NPY and AgRP, while hypothalamic ghrelin
augments NPY gene expression and blocked leptin-induced feeding
lessening. Thus, ghrelin and leptin have a competitive relations in feeding

regulation [50].

Hypothalamic arcuate nucleus

Hypothalamic
ghrelin

!

—_— -
L =
Blocd or GHS-R\H L,_'OD-P \
vagus
nenve f NPY/AgRP \
neuron

/ }

/ Y - |
f Appetite Leptin
CGhrelin - e
@\) ? Body weight Adipose tissue

Stomach

Figure (1-3): Mechanism action of ghrelin hormone [51]

1.2.2.4 Ghrelin and Cardiovascular Diseases:

Clinical studies have reported that ghrelin confers a variety of
potentially beneficial cardiovascular effects [52], which includes
reduction of mean arterial blood pressure, increase in myocardial
contractility, protection of endothelial cells, and improvement of energy

metabolism of myocardial cells [53].
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Exogenous administration of ghrelin also results in improvement in
coronary flow, heart rate, dilatation of peripheral blood vessels,
constriction of coronary arteries, and improvement in ventricular and
endothelial function. It has been reported that exogenous administration
of ghrelin decreases muscle wasting, improves exercise capacity, inhibits
cardiomyocyte apoptosis, inhibits sympathetic nerve activity, and protects
from heart failure (HF) induced by MI [54]. Importantly, administration
of ghrelin has been demonstrated to improve the cardiac function and
prognosis in patients suffering from end-stage chronic heart failure
(CHF). In vitro, ghrelin decreases inotropism and lusitropism. Ghrelin
reverses cardiac cachexia by promoting a positive energy balance and

also by enhancing direct cardioprotective effects of ghrelin [55].

These cardioprotective effects are independent of growth hormone
release and likely involve binding to cardiovascular receptors. There is a
widespread distribution of ghrelin and its receptors GHS-R1a in the
cardiovascular tissues, which provides a definitive evidence of its cardiac
actions. The protective effects of ghrelin on heart are mediated through
direct effects on the heart and blood vessel and through its growth-

hormone-releasing effect [56].

In normal individuals, acute increases in ghrelin do not alter cardiac
metabolism, whereas in patients with HF. They enhance oxidation of free
fatty acids and reduce the oxidation of glucose, thus partly correcting its
metabolic alterations. This interesting mechanism of action of ghrelin
may contribute to the cardioprotective effects of ghrelin in HF. Ghrelin
mediates cardioprotective effects by modulating cardiac autonomic
nervous activity. However the precise mechanisms by which ghrelin

regulates sympathetic activity are still unclear and needs further
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investigation. Peripheral ghrelin may act on GHS-Rla at the cardiac
vagal nerve ending, which goes to the nucleus of tractussolitarius (NTS)
and inhibit the renal sympathetic nerve activity (SNA) [57]. Ghrelin can
also act directly on the central nervous system (CNS) and alter the
sensitivity of CNS to other hormones participating in regulation of
sympathetic activity. Administration of ghrelin brings down the plasma
levels of epinephrine and dopamine and shifts the balance of autonomic
nervous activity toward parasympathetic nervous activity [58]. Ghrelin
increases the size of cardiomyocytes, prolongs their survival, and protects
the cardiomyocytes against apoptosis and myocardial injury induced by
endoplasmic reticulum stress (ERS) through a GHS-R1a, calmodulin-
dependent protein  kinase kinase (CaMKK), and adenosine
monophosphate (AMP)-activated protein kinase (AMPK) pathway [59].

Administration of ghrelin lowers the release of lactate dehydrogenase
(LDH) and myoglobin by the cardiomyocytes, indicating protection
against cardiomyocyte injury. Moreover, ghrelin may have other
cardiovascular beneficial effects in the form of prevention of
atherosclerosis as well as protection from ischemia and reperfusion

injury [60].

Ghrelin inhibits cardiomyocyte apoptosis both in vivo and in vitro.
Ghrelin suppresses the Ang Il induced cardiomyocyte apoptosis in
patients with HF. Ghrelin also inhibits the angiotensin-Il receptor typel
(AT1) receptor up-regulation induced by Ang Il, thereby playing a role in
preventing HF. Elevated levels of ghrelin in patients with HF can be a
protective compensatory mechanism for reduced body weight in order to

enhance appetite and weight gain in cachexia patients with HF [61].
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1.3 The Association of Serum Ferritin and Cardiovascular

Diseases:

Ferritin is an iron-containing protein and its assessment in serum can
consistently reveal the human iron storage homeostasis which is essential
in fundamental metabolic processes in living organisms [62]. Extremely
increased ferritin levels (hyper-ferritinemia) may designate iron overload,
which is toxic for numerous organs e.g. myocardium, liver etc. and has
been related with higher morbidity and mortality [63]. On the other hand,
decreased ferritin levels (hypo-ferritinemia) reveals iron depletion, which
is also correlated with higher morbidity and mortality [64].

Ferritin, beyond its function as an iron-storage marker, is a multi-
functional protein with probable roles not only in iron transfer, but in
proliferation, angiogenesis, and immune suppression [65]. It is also an
acute-phase protein, whose synthesis is driven by cytokines and its levels
elevate in inflammatory situations [66].

There are inconsistent consequences highlighting the pluripotency of
ferritin as a biomarker in a diversity of illnesses. Preceding study have
found a positive correlation between high serum ferritin concentrations
and the progress of chronic diseases, such as CVD, cancer, and their

adverse progression [67].

1.4 Serum Cortisol as a Cardiovascular Risk factor:

Despite lifestyle improvements and the successful targeting of CVD
risk factors, as hypercholesterolemia and hypertension, CVD is a leading
cause of death in high income countries and increasingly so in low and
middle income countries [68].
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The identification of new causal risk factors, such as elevated
morning plasma cortisol, has the potential to improve CVD risk
prediction and the development of new treatments to reduce CVD deaths.
Cortisol is a glucocorticoid produced by the adrenal glands, which is
responsible for CV and metabolic adaptations during stress. Plasma

cortisol has a circadian rhythm with a peak on waking and then declining

throughout the day [69].
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Figure (1-4): Serum cortisol and risk of CVD [70]
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Inappropriately sustained cortisol production in patients with tumors
causing Cushing’s syndrome results in abdominal obesity,
hyperglycemia, hypertension, and dyslipidemia and is associated with a
four-fold increase in mortality rate, predominantly due to accelerated
atherosclerosis and increased CVD. A similar higher rate of CVD has
been documented in patients prescribed exogenous glucocorticoid therapy

at supra-physiological doses [71].

1.5 Serum Testosterone and Cardiovascular Diseases:

Testosterone deficiency (TD) is a well-known and substantial
medical situation [72].It has been celebrated as a clinical and biochemical
syndrome, related with older age and comorbidities. It is categorized by
an insufficiency in serum androgen levels, with or without diminished
genomic sensitivity to androgens [73]. The latter correlates to the
functionality of androgen receptors [74].

Biochemical TD must be related with relevant signs and symptoms for
a diagnosis to be made. The hormone has significant physiological
functions and deficient can unfavorably affect the fat, bone, muscle,
brain, peripheral nerves, the CV system and particularly the male genital
and reproductive systems. Testosterone is essential for the regulation of
carbohydrate, lipids, and proteins metabolism, and definitely disturbs
glucose control, liver fat, cardiac biomarkers, muscle growth and

adipogenesis [75].
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Aim of the Study

Aim of the Study

The current study achieve to:

1. Evaluation of serum ghrelin concentrations in type 2 diabetic patients

and CVD and compare them with healthy individuals.

2. Assessment of serum glucose, insulin levels, and HOMA-IR in type 2

diabetic patients and CVD and compare them with healthy individuals.

3. Estimation of serum lipid profile, urea, and creatinine in type 2 diabetic

patients and CVD and compare them with healthy individuals.

4. Evaluation serum ferritin, cortisol, and testosterone in type 2 diabetic

patients and CVD and compare them with healthy individuals.

5. Study the correlation between serum ghrelin levels and other

limitations.
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Chapter Two Subjects and Methods

2.1 Materials:
2.1.1 Chemicals:

The common laboratory chemicals used in this study with their

suppliers and companies are listed in Table (2-1).

Table (2-1): The chemicals utilized and their companies

Chemicals Company

Ghrelin kit Elabscience, USA
Urea kit Randox, Crumlin

Creatinine kit Randox, Crumlin
Glucose kit Randox, Crumlin
Insulin kit Abbott, Germany
Total Cholesterol kit Abbott, Germany
Triacylglycerol kit Abbott, Germany
High Density Lipoprotein Cholesterol kit Abott, Germany

Cortisol kit Biomeriux, France
Ferritin kit Biomeriux, France
Testosterone kit Biomeriux, France

2.1.2 Instruments:

Instruments with their companies and countries are listed in Table (2-2).
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Table (2-2): Instruments utilized with their companies and countries

Instruments Company
Centrifuge Hettich, Germany
Spectrophotometer Cecil, English
Cobasc Roche, Germany
Minividas Biomerix, France
Abbott Abbott, Germany
Elisa DRG, Itali
Elisa Human reads, Germany
Incubator Boekel
Automatic Pipette Dragon, China

2.2 Patients Selection and Blood Sampling:

Current study incorporated 100 patients with end-stage MI (50 with
DM and 50 without DM), who attended Ibn—-Al Nafees Teaching
Hospital and Iragi Center for Myocardial Infarction/ Medical City
Hospital- Baghdad during the period from December 2018 until February
2019.Their ages ranged from 40 to 65 years. The MI patients were
diagnosed based on their medical reports, laboratory, and clinical tests for
heart disease. Also, the results of MI patients were paralleled with 50

healthy individuals age coincide 35-65 years as control group.

Five milliliters of blood samples were taken from each patient in the
morning after injury MI, 3days maximum prior to cardiac catheterization.
Patients' blood samples were obtained from the needle puncture site for
the patients' vein. Serum that obtained was stored at -20°C until the time
of examination. Venous blood samples were also taken from the control

group using disposable syringe and centrifuged to obtain serum.
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Patients with neuropathy, retinopathy, thyroid dysfunction, and liver
diseases were excluded from the study.
2.3 Anthropometric Measurements:

2.3.1 Measurement of Body Mass Index (BMI):

Body mass index is a simple index of weight-for-height that is
ordinarily used to distinguish insufficient weight, normal, overweight and
obesity. It is calculated by dividing the weight in kilograms on the height

square in meters (kg/m?) presenting to the following equation:-
BMI = Weight (Kg) /(Height)* (m?)

The normal range of BMI was reported between 18 to 24.9 kg/m?,
a BMI lower than 18.5 kg/m?suggest that the person is underweight,
persons with BMI between (25 to 29.9) kg/ m?were categorized as
overweight and those having 30 kg/mZor more were categorized as obese
[76].
2.4 Analytical methods and procedure:
2.4.1 Determination of Serum Glucose:
Principle:

GOD

Glucose + H,O —Gluconic acid + H,0,

2H,0, + 4-aminoophenazone + phenol _*®__, Quinoneeimine + 4H,0
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Procedure:

The fresh H,O, a new gain calibration was used and completed in
cuvette mode. selected GLU in the run test screened and carried out a
water blank [77].

Pipette into cuvette:

Standard SI or Sample Reagent Blank SO
Sample/Standard 5uL 0 pL
Reagent RI 500 pL 500 pL

Mix incubate for 10 min at 37°C. Wave length: 500 nm.

Calculation:

- A l
Glucose concentration (mmol/l)=——r——

Astandard

X Standard Conc.

Normal Values: 4.2-6.4 mmol/I

2.4.2 Determination of Serum Insulin:

Principle:

The DRG® Insulin ELISA Kit is an enzyme linked immunosorbent
assay (ELISA) based on the principle of sandwiches. The microtiter wells
were drilled with a monoclonal antibody directed toward a unique antigen
site on the insulin molecule. An aliquot of the patient's sample containing
the internal insulin was incubated in the well coated with the conjugated
enzyme, a biotin-linked insulin antibody, after incubation, conjugate is
washed . During the second incubation step, the streptavidin peroxidase
enzyme complex binds to the anti-biotin anti-insulin antibody. The
amount of complex binding HRP is proportional to the insulin level in the
sample. After the addition of the substrate solution, the advanced
intensity of the color is proportionate to the level of insulin in the patient

sample [78].
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Procedure:
All standards, samples, and controls were operated simultaneously in

order for all test conditions to be the same.
1. The required number of microtiter wells were secured in the holders.

2. Then 25 pl of each standard, controls and samples were dispensed in

the wells using disposable pipettes tip.
3.Moreover, 25 pl Enzyme Conjugate were dispensed into each well.
4. It is important to have a complete mixing in this step for 10 seconds.

5. Incubation for 30 minutes at room temperature without covering the

plate.

6. The contents of the wells were quickly shake out and rinsed the wells 3
times with diluted wash solution (400 pl per well). the wells were sharply

struckon absorbent paper to remove residual droplets.
7.A 50 pl of enzyme complex were added to each well.
8. Incubation for 30 minutes at temperature room.

9. the contents of the wells were quickly shake out and rinsed the wells 3
times with diluted Wash Solution (400 pl per well). Struck the wells

sharply on absorbent paper to remove residual droplets.
10. Addition of 50 pl from substrate solution to each well.
11. Incubation for 15 minutes on temperature room.

12. The enzymatic reaction were stopped by adding 50 pl of stop solution
to each well, and was read OD at 450 + 10 nm with a microtiter plate

reader within 10 minutes after adding the stop solution
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Calculation:

1. The average absorbance values were calculated or each set of criteria,

controls and patient samples.

2. A standard curve was constructed by plotting the mean absorbance
obtained from each standard against its concentration with absorbance

value on the vertical(Y) axis and concentration on the horizontal (X) axis.

3.The mean absorbance value was used for each sample determined the

corresponding concentration from the standard curve.

4. The concentration of the samples could be read directly from this
standard curve. Samples with concentrations higher than that of the
highest standard have to be further diluted. For the calculation of the

concentrations this dilution factor has to be taken into account.

Normal Values: 2 to 25 plU/ml.

2.4.3 Determination of Serum Ghrelin:
Principle:

ELISA kit uses Competitive-ELISA principle. The micro ELISA
plate provided in this kit was pre-coated with Human GHRL. During the
reaction, human GHRL in sample or standard competes with fixed
amount of human GHRL on solid phase supporter for sites on the
biotinylated detection Ab specific to Human GHRL. Excess conjugate
and unbound sample or standard were washed from plate, and avidin
conjugated to Horseradish Peroxidase (HRP) are added to each
microplate well and incubated. Then a TMB substrate solution was added
to each well. The enzyme-substrate reaction was terminated by the
addition of stop solution and the color change was measured
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spectrophotometrically at a wave length of 450 nm + 2 nm. The
concentration of human GHRL in the samples was determined by
comparing the OD of samples to the standard curve [79].

Reagent Preparation:

1. All reagents were brought to room temperature 18-25°C before use. We
follow the microplate reader manual for set-up and preheat it for 15

min before OD measurement.

2. A 30 mL of concentrated wash buffer was diluted with 720 mL of

deionized or distilled water to prepare 750 mL of wash buffer.

3.The standard centrifuge at 10,000xg for 1 min. Then, 1.0 mL of
reference standard and sample diluents were added, and let it stand for
10 min and invert it gently several times. This reconstitution produces
a working solution of 10 ng/mL. Then the serial dilutions as needed.
The recommended dilution gradient was as follows: 10, 5, 2.5, 1.25,
0.63, 0.31, 0.16, 0 ng/mL and dilution method was taken 7 EP tubes,
500uL of reference standard and sample diluent were added to each
tube. A 500uL of the 10 ng/mL stock solution was pipetted to the first
tube and mixed up to produce a 5 ng/mL working solution. A 500uL of
the solution was pipetted from the former tube into the latter one

according to these steps.

4.The required amount 50 ulL/well was calculated before the experiment.
The stock tube was centrifuged before use, diluted the 2100x
concentrated biotinylated detection Ab to 1xworking solution with
biotinylated detection Ab diluent.

5.The required amount was calculated before the experiment 100 uL/well.
In preparation, slightly more than calculated should be prepared.
25



Chapter Two Subjects and Methods

Dilution of 100x concentrated HRP conjugate to 1x working solution

with concentrated HRP conjugate diluent.
Assay procedure:

1.The standard working solution was added to the first two columns:
Each concentration of the solution was added in duplicate, to one well
each, side by side (50 uL for each well). The samples were added to
the other wells (50 uL for each well). Immediately, SOuL of
biotinylated detection Ab working solution was added to each well,
and covered the plate with the sealer provided in the kit. The mixture

was incubated for 45 min at 37°C.

2.The solution from each well was decanted, 350 uL of wash buffer was
added to each well. The solution was from each well soaked for 1~2
min and aspirate dafter put it dry against clean absorbent paper. This

wash step was repeated 3 times.

3.A 100 pL of HRP conjugate working solution was added to each well.

Overlay with the plate sealer and incubated for 30 minutes at 37°C .

4.The solution from each well was aspirated, the wash practicability was

iterated for five times as fulfill in step 2.

5.Then 90uL of substrate reagent was added to each well and it was

coated with a new plate sealer. Incubation was performed for about 15

minutes at 37°C. It might be protect the plate from light, and addition of

50uL from stop solution to each well.

6. Determination the optical density (OD value) of each well at once with

a micro-plate reader set to 450 nm.
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Calculations:

Average of the duplicate readings for each standard and samples. It
was plotted a four-parameter logistic curve on log-log graph paper, with
standard concentration on the x-axis and OD values on the y-axis. The
concentration calculated from the standard curve must be multiplied by

the dilution factor.
2.4.4 Determination of Serum Lipid Profile:

2.4.4.1 Determination of Serum Total Cholesterol (TC):
Principle:

Cholesterol esters are enzymatically hydrolyzed by cholesterol
esterase to cholesterol and free fatty acids. Free cholesterol, including
that primarily submits, is then oxidized by cholesterol oxidase to
cholest4-ene-one and hydrogen peroxide. The hydrogen peroxide
combines with hydroxyl benzoic acid (HBA) and 4-aminoantipyrine to
form a chromophore (quinoneimine dye) which is quantitated at
500 nm [80].

Preparation and Stability:

One vial of reagent was reconstructed 2 with the appropriate volume
of buffer/reagent 1. This working reagent is stable 4 months at 2 - 8°C or
1 month at 20 - 25°C.
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Procedure:

Pipette into tests tubes

Blank Standard Sample
Standard - 10 pl
Sample - - 10 pl
Working reagent 1ml 1ml 1ml

Mix. incubate 5 mn. at 37°C before reading. The colour is stable for 30 mn.

Wave length: 505 nm (500-550) and Temperature: 37°C, Cuvette: 1 cm
light path.

Calculations:

OD sample

Cholesterol =———
OD standard

mmol/l: n=5.17
Reference Values:
Serum or plasma: 3.6 - 7 mmol/I

Increased risk above: 6.7 mmol/Il
2.4.4.2 Determination of Serum Triglyceride (TG):
Principle:

Triglycerides (TG) are enzymatically hydrolyzed by lipase to free
fatty acids and glycerol. The glycerol is phosphorylated by adenosine
triphosphate (ATP) with glycerol kinase (GK) to produce glycerol-3-
phosphate and adenosine diphosphate (ADP). Glycerol-3-phosphate is
oxidized to dihydroxyacetone phosphate (DAP) by glycerol phosphate
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oxidase (GPO) producing hydrogen peroxide (H,O,). In a color reaction
catalyzed Dby peroxidase, the H,O, reacts with 4-aminoantipyrine
(4- AAP) and 4-chlorophenol (4-CP) to produce a red colored dye. The
absorbance of this dye is proportional to the concentration of TG present

in the sample [81].
Preparation and stability:

Contents of one bottle of R2 were dissolved in the contents of one
bottle buffer reagent R1. This working-reagent is stable for 4 weeks at 2 -
8°C 1 week at 20 - 25°C.

Procedure:

Blank Standard Sample
Standard - 10 pl
Sample - - 10 pl
Working reagent 1ml 1ml 1ml

Mix, incubate 5 min. at 37°C or 10 min. at 25°C. The colour is stable for 30 minutes.

Wave length: 505 nm (490-550), Temperature: 37°C and Cuvette: 1 cm
light path Read against blank

Calculations:

0.D.Sample

TG Conc. =———
0O.D.standard

mmol/l n = 2.28
Reference values:
Women: 0.46 - 1.60 mmol/I

Men: 0.68 - 1.88 mmol/I
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2.4.4.3 Determination of Serum High Density Lipoprotein
Cholesterol (HDL-C):

The Ultra HDL inspection is a homogeneous method for
immediately gauge HDL-C concentration in serum or plasma without the
want for off-line pretreatment or centrifugation proceedings. The method
employs a two-reagent format and depends on the properties of a unique
detergent. This method is based on accelerating the reaction of
cholesterol oxidase (CO) with non-HDL unesterified cholesterol and
dissolving HDL-C selectively employing a given detergent. In the former
reagent, non-HDL unesterified cholesterol is subject to an enzyme
reaction and the peroxide generated is consumed by a peroxidase
reaction with disulfo butyl meta toluidine (DSBmT) yielding a colorless
product. The latter reagent consists of a detergent (capable of
solubilizing HDL-C), cholesterol esterase (CE), and chromogenic couple

to improve color for the quantitative determination of HDL-C [82].
Procedure:

A solution of NaCl (9 g/l), serum and TG, more than 3,5mmol/l were

dilute in the supernatant may be stored up to five days at 2 - 8°C.
Cholesterol CHOD-PAP Assay:

Pipette into the tubes:

Blank Standard Sample
Distilled water 10ul - -
Standard (2 g/l) - 10pl -
Supernatant - - 10l
Reagent solution
cholesterol assay 1mil 1ml 1ml
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Wave length 500 nm, (492-550 nm), Cuvette: 1 cm light path,

Temperature: 37°C and measurement: against reagent blank

Mix, incubate for 5 minutes at 37°C. Read against the reagent blank

within 30 minutes.

Calculations:

oD measurementx

[HDL-C] = OD standard

n=5.17 mmol/l

Multiplying the result per 1.1 (1/11 is the dilution with the precipitant

reagent) to obtain the concentration of cholesterol bound to HDL.
Interpretation:

European Atherosclerosis Society has established relationship

between risk level of coronary diseases and cholesterolemia.

Cholesterolemia Risk level

<2g/ Low risk
< 5,2 mmol/l
2,0t0 2,59/l Moderate risk if HDL
5,2 t0 6,5 mmol/I Cholesterol < 0,35 g/l
> 250/l High risk if < 0,9 mmol/l)

> 6,5 mmol/l
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2.4.4.4 Determination of Serum Low and Very Low Density
Lipoprotein cholesterol (LDL-C) and (VLDL):

The LDL-C and VLDL and the estimation of their concentrations are
most commonly by Friedewald’s equation for TG level less than 400
mg/dL [83].

LDL-C=TC-[(TG)/5+HDL-C], VLDL-C=TG (TG)/5
2.4.5 Determination of Renal Function Test:

2.4.5.1 Determination of Serum Urea:

A Serum urea test is employ to appreciation the quantity of urea in
blood.

Principle:

The method is based on the pursue response:-

Urease

Urea +H,0 »2NH; + CO;

Salicylate and hypochlorite in the reagent react with the ammonium

ions to form a green complex (2.2 dicarboxylindophenol) [84].
Procedure:

Pipette into test tubes:

Tubes Reagent blank Standard Sample
Standard - 10 pl
Sample - - 10 pl
Working Reagent 1000 pl 1000 pl 1000 pl
(R1)
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The wave length 600 nm, Cuvette: 1 cm light path, Temperature:

25°C, 37°C and Measurement: against reagent blank

Mix. Incubate for at least 3 min at 37°C

Sodium 200 pl 200 pl 200 pl
Hypochlorite (R2)

Incubate for at least 5 min at 37°C. the absorbance of the criterion (A
standard) and the absorbance of the specimen (Asample) against reagent

blank within 2 hours.

Calculations:

A sample

Urea concentration = —————
A Standard

Xn

Normal Values:
Serum: 2.5 - 7.5 mmol/I
2.4.5.2 Determination of Serum Creatinine:
Principle:
Creatinine in alkaline solution reacts with picric acid to form a

coloured complex. The amount of the complex formed is directly

proportional to the creatinine concentration [85].

Procedure:

Reaction rate and absorptivity of the reaction product are very
sensitive to temperature. The specified temperature must therefore be
maintained. A slight precipitate that may appear in solution R. It does not

affect the assay.
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1.Deproteinization procedure:
Pipette into centrifuge tubes:

The precipitated was mixed well using a glass rod. Then the

participated was centrifuge at 2500 rpm for 10 min.

2. Assay procedure :

Wavelength 500-550 nm (Hg 546 nm)
Spectrophotometer 520 nm
Cuvette I cm light path
Temperature 25°C
Measurement Against blank

Pipette into test tubes:

Tubes Blank Standard Sample Sample
Urine
Distilled water 0.5ml - - -
Solution | - 0.5ml - -
(CAL)
TCA 0.5ml 0.5ml - 0.5ml
Supernatant - - 1.0ml -
Urine (1+49) - - - 0.5ml
Reagent 1.0ml 1.0ml 1.0ml 1.0ml
mixture

Mix let stand for 20 min at 25°C. measure the absorbance of specimen (A

sample) and criterion (A standard) against blank.

Calculation

A l
sample

Concentration of creatinine in serum(pumol/l) = ————
Astandard

Normal values:
Men: 53-97 umol/Il
Women: 44-80 umol/I

34




Chapter Two Subjects and Methods

2.4.6 Determination of Serum Ferritin :
Principle:

The VIDAS Ferritin (FER) analyze was an enzyme linked
fluorescent immunoassay (ELFA) performed in an automated device.
each assay steps and assay temperature were controlled by the device. A
pipette tip-like disposable device the Solid Phase Receptacle (SPR® )
serves as a solid phase for the analyze as well as a pipetting device. The
(SPR) was coated at the time of manufacture with mouse monoclonal
anti-ferritin antibodies. The VIDAS FER assay configuration prevents
nonspecific reactions and SPR. Reagents for the analyze were located in
the sealed Reagent Strips. The sample was transported into well
containing the anti-ferritin antibody conjugated with alkaline
phosphatase. The sample conjugate mixture was cycled in and out of
(SPR) and the ferritin will bind to antibodies coated on SPR and to
conjugate forming a (sandwich). Wash steps remove unbound conjugate.
A fluorescent substrate 4-methylumbelliferyl phosphate was cycled
through(SPR). Enzyme remaining on the (SPR) wall will catalyze the
conversion of the substrate to the fluorescent produce 4-
methylumbelliferone. The strength of fluorescence was measured by
optical scanner in the device was proportional to ferritin concentration
present in the sample. When the (VIDAS) Ferritin analyze was
completed, the results were analyzed

automatically by instrument, and a report was printed for each
sample[86].

35



Chapter Two Subjects and Methods

Procedure:
1. The necessary components was removed from the kit and returned all

unused components to storage at 2-8°C.

2. Allowing components to reach room temperature (approximately 30

minutes).

3. one FER strip was used for all sample control or calibrator to be
tested. It should be the storage pouch has accurately resealed after the

required SPRs have been removed.

4. The test is known by the FER code on the device. The calibrator might
be identified by Sland tested in duplicate.

5. The FER reagent strips were labeled with the proper sample

identification numbers.

6. The calibrator, control, and sample were mixed using a vortex type

mixer (for serum separated from the pellet).
7. The calibrator, control, and sample test portion was 100 pl.

8. The FER reagent strips and SPRs were inserted into appropriate
position on the device. It was checked the colors labels with the analyze

code on the SPRs and the reagent strips match.

9. Initiation the analyze processing as directed in the operator's manual.

every steps were executed automatically by the device.
10. The glass was reclosed and returned them to 2-8°C after pipetting.

11. The analyze was completed approximately 30 minutes. After the

assay was completed the SPRs and strips were removed from the device.

12. The hired SPRs and reagent strips were disposed in aright recipient.
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2.4.7 Determination of Serum Cortisol:

Principle:

VIDAS Cortisol is an automated assay for the VIDAS system,
which enables cortisol in human serum or plasma to be directly
guantitatively measured. The assay principle combines the enzymes
iImmunoassay competition method with a final fluorescent discovery
(ELFA). The Solid Phase Receptacle (SPR) serves as the solid phase as
well as the pipetting machine. Reagents for the assay are preparedtouse
and predisposed in the conserved reagent strips. All of the analyze steps
are performed automatically by the device. The reaction medium is
cycled in and out of the (SPR)a number of times. The taster is transferred
into the well containing the conjugate: alkaline phosphatase-labeled
cortisol derivative. The cortisol in the sample will compete with the
cortisol derivative in the conjugate for sites on the specific anti-cortisol
antibody which is fixed onto the interior of the SPR. Through the last
detection step the substrate (4-Methylumbelliferyl phosphate) is cycled
in and out of the SPR. The conjugate enzyme stimulate the hydrolysis of
this substrate into a fluorescent produce (4-Methylumbelliferone) the
fluorescence of which is measurement at 450 nm. The strength of the
fluorescence is inversely symmetric to the concentration of antigen
present in the test. At the final of the assay the results are automatically
calculated by the device in relation to the calibration curve stored in

memory and then printed out [87].
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Assay procedure

1. The required reagents were removed from the refrigerator.

2. One CORS section and one CORS SPR were used for all test control
or calibrator to be tested. Make sure the storage sack has been carefully
resealed after the required ( SPRs) have been removed.

3. The test was known by the CORS code on the device. The calibrator
might identified byS1 and tested in triplicate.

4. The calibrator control and specimen (serum, plasma, extracted urine)
were mixed using a vortex-type mixer.

5. For this test, the calibrator, control, and sample test portion is 100 pL.
6. The CORS SPRs and CORS strips were inserted into the instrument.
The color labels were checked with the assay code on the SPRs and the
reagent strips match.

7. Initiation the assay immediately. All the analyze steps were performed
automatically by the device.

8. The vials and return were reclosed to 2-8°C after pipetting.

9. The assay was completed approximately 40 minutes. Then, the (SPRs)
and strips were removed from the device.

10. The use (SPRs) and strips were disposed into an appropriate

recipient.
2.4.8 Determination of Serum Testosterone:
Principle:

The evaluate principle combines an enzyme immunoassay

competition process with a final fluorescent detection ELFA.

The Solid Phase Receptacle (SPR) serve as the solid phase as well as
the pipetting device. Reagents for the evaluate are ready to use and

predisposed in the conserved reagent strips.
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All of the assay steps are performed willingly by the instrument. The

reaction medium is cycled in and out of the SPR quite a few times.

The sample is supplement to the pre-treatment solution to detach the

testosterone from transporter proteins.

The pre-treated sample was transfer into the fully containing an
alkaline phosphates labeled testosterone antibody (conjugate). The
antigen in the sample and the testosterone antigen limited to the interior
dike of the SPR compete for the anti-testosterone specific antibody sites.

Specified components are eliminated through washing steps.

During the final revealing step, the substrate (4-Methylumbelliferyl
phosphate), is cycled in and out of the SPR the conjugate enzyme
catalyzes the hydrolysis of this substrate into a fluorescent product (4-
Methylumbelliferone) the fluorescence of which is measured at 450 nm.
The strength of the fluorescence is inversely proportional to the
concentration of testosterone present in the sample. At the end of assay
the results are automatically calculated by the instrument in relation to the

calibration curve stored in memory and then printed out [88].

Procedure :
1. The required reagents were removed from the fridge and they can be

used immediately.
2. The (TES) strip and one (TES) SPR were used for each sample control.

3. The test was identified by the (TES) code on the instrument. The
calibrator might identified by (S1) and tested in repeat.

4. The samples were clarified by centrifugation.
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5. The calibrator and , or the control and the samples were mixed using a

vortex-type blender (for serum or plasma insular from the pellet).

6. Before pipetting, the samples calibrator and control should were free of
bubbles.

7. For this test the calibrator control and sample test portion is 100pL.
8. The (TES) SPR and (TES) strips were inserted into the instrument.

9. Initiation the assay as directed in the User's Manual. All the assay steps

were performed automatically by the instrument.

10. The flask was reclosed and returned them to the required temperature

after pipetting.

11. The assay was completed within approximately 40 minutes. Then, the

SPR and strips were removed from the instrument.
12. The free SPR and strip were received using the appropriate recipient.
Normal Values:

The measurement range of VIDAS Testosterone assay is: 0.05 to
13.50 ng/mL.

2.5 Data Processing and Statistical Analysis:

All statistical calculations were done using computer programs SPSS
(Statistical Package of Social Science) program, version 17 software.
Data were expressed as means + standard deviations (means +SD);
statistical significance was set at p < 0.05.

Comparison of numerical variables between the study groups was
done using Student t-test for independent samples in comparing two

groups at normally distributed.
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Correlations among serum ghrelin and other parameters were
analyzed by Pearson’s correlations and multiple correlations analysis to

determine the relationships between the variables of interest.
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Chapter Three Results and Discussion

3.1 Age and BMI:

Results of Table (3-1) and Figure (3-1) show a highly significant

increase in age in G2 and G3 as compared with G1.

Additionally, the result of BMI in Table (3-1) and Figure (3-2)

revealed a substantial rise in G2 compared with G1 and G3.

Table (3-1): Age and BMI in the study groups

Parameter Means + SD p-value
Gl G2 G3 G1&G2 G1&G3
(n=50) (n=50) (n=50)
Age (year) | 47.79+8.34 | 57.68+7.01 | 54.48 +9.41 HS HS
BMI (Kg/mz) 25.60 +3.84 | 32.21 +4.07 | 27.61 +£6.08 S NS

G1: Control, G2: Ml patients with DM, G3: Ml patients without DM, HS: Highly significant, S: Significant, NS: Not significant.

54.48
60 -

e
L

50

Age (year)

Control: G1 With DM: G2 Without DM: G3

Figure (3-1): Comparison between difference groups in age
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32.21

e
L
L

BMI (Kg/m?)

Control: G1 With DM: G2 Without DM: G3

Figure (3-2): Comparison between difference groups in BMI

Individuals enrolled in this study between 40- 65 years old. This age
group was designated in agreement with the nature of the disease formal,
because T2DM was frequently well-defined as late-onset diabetes [89].

It has been postulated that there is a very strong association between
DM and obesity. The increasing global incidence of T2DM is tied to
growing rates of obesity [90].

Obesity is a condition in which there is a further of body fat contents
the term means that the subject's body weight is greater than what's
deliberated healthy for person's height. Body weight is a sum weight of
body fat, bone, muscle, and body water. Obesity is the condition when
BMI of equal or more than 30 Kg/m? [91], and the diabetic patients with
M1 in this study had BM1=32.21 +4.07 Kg/m®.

Additional body fats accumulation is the principal cause of obesity.

As obesity is related with various of physiological variations ensuing into
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diseases such as IR, hypertension, and cardiac diseases. It has been
documented a strong relationship of DM with obesity [92].
3.2 Fasting Serum Glucose, Insulin, and HOMA-IR:

Results of Table (3-2) and Figure (3-3) revealed a highly significant
increase in FSG in G2 and G3 as compared with G1.

Result of serum insulin in Table (3-2) and Figure (3-4) denoted that
there was a substantial increases in serum insulin in G2 as paralleled to
G1, while there was no significant difference in serum insulin between
G1 and. Additionally, there was a highly significant increase in HOMA-
IR in G2 as compared to G1 and a significant increase in G3 as compared
to G1, Figure (3-5).

Table (3-2): The FSG, insulin, and HOMA-IR in the study groups

Parameter Means + SD p-value
Gl G2 G3 G1&G2 G1&G3
(n=50) (n=50) (n=50)
FSG (mmol/L) 506+0.56 | 10.90+4.40 | 7.63+2.83 HS HS
Insulin (uU/ml) | 10.29 +4.71 | 18.13 +4.88 | 15.90 +3.69 S NS
HOMA-IR 282+142 | 7.719+£492 | 5.71+1.57 HS S

G1: Control, G2: Ml patients with DM, G3: MI patients without DM, HS: Highly significant, S: Significant, NS: Not significant.
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Figure (3-3): Comparison between difference groups in FSG
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Figure (3-4): Comparison between difference groups in insulin

The MI patients with DM had the highly glucose levels. Numerous

mechanisms of IR progress in diverse pathologic situations, including Ml,
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Is a related concern [93, 94]. According to Nishio et al. (2006), IR in Ml
patients can help expect contrary disease result within 3 years of follow-
up. Manifestation of IR in the initial phase of Ml is one of the typical
body responses to catecholamine stress.

In the current study, IR was diagnosed using traditional markers, i.e.,
serum glucose and insulin levels in addition to the IR index, which is
in accordance with prior study [95].

Result of HOMA-IR in Table (3-2) and Figure (3-5) showed a
significant increase in G2 as compared to G1 and a significant increase in

G3 as compared to G1.

The increase in glucose, insulin, and HOMA-IR values were
connected with greater risks of IR. This can be observed as a significance
of pancreatic dysfunction and diminished [-adrenergic glucose

metabolism regulation in hepatocytes through catecholamine stress [95].

7 70
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Control: G1 With DM: G2 Without DM: G3

Figure (3-5): Comparison between difference groups in HOMA-IR
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3.3 Serum Ghrelin:

Results of serum ghrelin in Table (3-3) and Figure (3-6) showed a

highly substantial rise in serum ghrelin levels in G1 as paralleled to G2
and G3.

Table (3-3): Serum ghrelin levels in the study groups

Parameter Means + SD p-value
G1 G2 G3 G1&G2 G1&G3
(n=50) (n=50) (n=50)
Ghrelin (ng/mL) | 30.46+7.54 | 19.15+4.77 | 21.19 +4.09 HS HS

G1: Control, G2: Ml patients with DM, G3: MI patients without DM, HS: Highly significant, NS: Not significant.

25 - ? 30.46

Ghrelin (ng/mL)

Control: G1 With DM: G2 Without DM: G3

Figure (3-6): Comparison between difference groups in Ghrelin

The role of ghrelin, a gastrointestinal endocrine peptide and
a significant regulator of growth factor secretion, desire for food and
energy homeostasis. In IR pathogenesis has been deliberated recently

[96]. It was found that cardiomyocytes are capable to yield ghrelin, which
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has wvaried protective properties, comprising the inhibition of
cardiomyocyte, endothelial cell apoptosis, and enhanced left ventricular
function in ischemia/reperfusion [97].

Ghrelin is identified to modulate insulin secretion and, hence, is
considered as a promising molecular IR marker. Ghrelin was revealed to
donate to the expression of a- and B-insulin receptor subunits. At the
same time, (1-10) nm/L of insulin suppress basal and noradrenaline
stimulated ghrelin secretion but do not effect ghrelin mRNA expression
[98]. Obese individuals have lesser ghrelin concentrations that those with
normal metabolism; at the same time, ghrelin had a strong positive
relationship with the HOMA-IR index regardless of anthropometric and
metabolic limitations of IR syndrome [99].

In the current study, ghrelin concentrations were considerably
reduced in MI patients during the entire hospital stay, also in patients
with IR, the alterations were more distinct. It was revealed that MI
patients have reduced ghrelin levels, may due to an improved binding of
ghrelin with its receptor in ischemia/reperfusion [100]. It has been
proposed that in MI, the inhibition of ghrelin secretion may also be due to
the inequity in the adipokine system accompanied by the dysfunction of
insulin-secreting pancreatic cells, impaired lipid metabolism and IR
manifestation [101]. Furthermore, the ghrelin level seems to be a more
revealing IR marker than traditional markers and adipokine status factors
in both the acute and recovery MI phases. Ghrelin has an improved
diagnostic value than insulin in the acute MI phase [102].

This study found that ghrelin levels in type 2 diabetic patients were
considerably less than those of healthy group which was in line with
studies [103, 104].
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The present study outcomes support the opinion that decrease
ghrelin concentration might have a contributory role in the progress of
T2DM. Additionally, the current data were also definite by an earlier
revision which showed that decreased ghrelin concentrations are
independently related with IR and T2DM [105]. On the other hand, these
results were not definite by Shiiya et al., 2002 [106]work who found that
ghrelin levels of type 2 diabetic patients were not diverse from controls
and ghrelin concentrations appeared to fluctuate rendering to the BMI and
not by diabetes. One study showed that obese individuals with T2DM had
lesser ghrelin levels than lean individuals with T2DM. This designated
that ghrelin did not seem to be connected with glucose or insulin
metabolism, thus the liberated role of BMI, glucose and insulin in ghrelin
regulation is still debated [107].

These outcomes propose that ghrelin shows both physiological and
pathophysiological roles in insulin release that should be additional
examined. On the other hand, current data was not sustained by other
workers who revealed a negative relationship between total ghrelin and
insulin levels. Additionally, various previous revisions revealed that
ghrelin has been shown to inhibit insulin release in some investigational
states [108, 109].

3.4 Serum Lipid Profile:

Result of serum lipid profile levels in Table (3-4), Figures [(3-7)-
(3-11)] showed a highly significant increase in serum TC and TG in G2
and G3 as compared with G1. Also, there was a significant decrease in
serum HDL-C in G2 and G3 as compared with G1.
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Moreover, there was a substantial rise in serum LDL-C and VLDL in
G2 as paralleled to G1 and G3.

Table (3-4): Serum lipid profile in the study groups

Parameter Means + SD p-value
G1 G2 G3 Gl1&G2 | G1&G3
(n=50) (n=50) (n=50)
TC (mmol/L) 4.62 +0.38 6.02+1.44 5.74 +£1.45 HS HS
TG (mmol/L) 1.27+£0.26 2.06+0.74 1.83+0.40 HS HS
HDL-C (mmol/L) 1.68 £0.28 1.21+0.26 1.21+0.39 S S
LDL-C (mmol/L) 3.43+0.54 440+151 4,16 +1.47 HS S
VLDL (mmol/L) 0.255 +0.05 0.412 +0.15 0.366 +0.08 HS HS

G1: Control, G2: Ml patients with DM, G3: MI patients without DM, HS: Highly significant, S: Significant, NS: Not significant.
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Figure (3-7): Comparison between difference groups in serum TC
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Figure (3-8): Comparison between difference groups in serum TG
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Figure (3-9): Comparison between difference groups in serum HDL
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Figure (3-10): Comparison between difference groups in serum LDL-C
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Dyslipidemia is one of the important diabetic complications which
Is a classical risk factor for cardiovascular disease [110]. The mechanisms
by which hyperglycemia and dyslipidemia cause diabetic vascular
diseases are the formation and accumulation of advanced glycation end
products (AGEs), improved oxidative stress, triggering of protein
kinase C (PKC), elevated flux through the hexosamine pathway, vascular
inflammation, deficit of insulin action in the vasculature, and modified
growth factors, expression and action of hormones, and cytokines [111].
Furthermore, chemical alteration of lipoprotein in diabetic situations,
including glycation and peroxidation, may be a causal pathogenic
mechanism associating dyslipidemia to diabetic complications. For
example, glycation may enhance the oxidative stress of the lipoproteins
while oxidation may enhance atherogenicity of the lipoproteins.
Moreover, chemical alteration of proteins by lipids, such as formation of
lipoxidation end products, has also been proposed to be a prospective

pathogen for vascular alterations in diabetics [112].

In this study, there was a substantial increase in serum lipid profile,
except serum HDL-C which was significantly decreased in Ml patients
with DM and this is in accordance with the study of Bhattacharjee et al.,
2018 [113].

The IR in MI patients was related to a gathering of CV risk factors,
comprising obesity, dyslipidemia, and hypertension, described by
elevated VLDL and TG levels and lesser HDL-C levels, which is
in accordance with previous data [114].

The high glucose level detected in diabetics triggers the polyol
(sorbitol-aldose reductase) pathway, which leads to intracellular sorbitol

accumulation. The inability of sorbitol to pass through the cell membrane
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in insulin-independent tissues (the nervous system, retina, and kidney)
causes an elevated in intracellular osmotic pressure and, consequently,
cell damage. In oxidative stress conditions, all intermediates of the polyol
pathway (sorbitol, fructose, and fructose-1-phosphate) can glycate
proteins leading to AGE formation, and this is concerned in
microvascular complications of DM [115]. Interestingly, an elevation in
glucose and glycogen levels detected under caloric restriction situations
has been found to cause the substantial reduction in the activities of the
polyol pathway enzymes, along with the activation of hexokinase,
glucose-6-phosphate-dehydrogenase  (pentose  phosphate  pathway
enzyme), and glucose-6-phosphatase (glycogen degradation enzyme) in
both diabetic and non-diabetic rats. Consequently, caloric restriction
donates to the attenuation of hyperglycemia detected in DM. The
formation of AGEs has been described to associate with glycemic
control [116].

The accumulation of AGEs increasingly leads to cellular dysfunction
and tissue damage complicated in the progress of other oxidative stress-
induced chronic diseases such as atherosclerosis and DM. Hyperglycemia
can induce oxidative stress and tissue damage through either repeated
acute alterations in glucose metabolism or long-term biomolecular
glycation and AGE formation [117]. This can further activate
inflammation and cell proliferation contributing to the progress of
atherosclerosis and vascular dysfunction through the initiation of
oxidation of (low density lipoprotein particles) LDLs and their interaction
with mononuclear cells, endothelial cells, and smooth muscle cells [118].
Glycation of LDLs increases their atherogenicity, while HDLs have been
assumed to inhibit the glycation of LDL apolipoprotein B (apoB). In an
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atherosclerotic lesion, macrophages express scavenger receptors on the
surface of their cell membrane to bind oxidized LDLs from blood vessel
walls and to progress into foam cells. The oxidation of LDLs causes the
formation adducts that donate to the atherogenicity of LDLs and their
binding capacity to scavenger receptors [119]. Furthermore, the
transportation of oxidized lipids in lipoprotein complexes has been
proposed to play a role in the pathogenesis of atherosclerosis, those
transported by LDL being associated with high risk, while those
transported by HDL being suggestive for defense against disease
progression [120].

The main disorders of lipid metabolism in the current study are
hypercholesterolemia and hypertriglyceridemia. Elevated concentrations
of serum TG has been associated with an elevated LDL particles and
improved CV risk had a strong association with the diameter of LDL-C
particle, suggesting it as an indirect index for the diameter of LDL-C
particle, LDL-C particles become smaller and denser, which contribute to
the development of atherosclerosis and CVD. This finding is in
accordance with a study [121].

Diverse values of serum lipid profile in some studies may be owed to
diverse nutritional habits among obese, inactive, or high dietary fat—
intake, related with the non-obese diabetic and control groups [122, 123].
These outcomes are consistent with the present study.

Though, usually, desirable cholesterol levels are up to 180 mg/dl for
TC, up to 100 mg/dl for LDL-C, and not less than 50 mg/dl for
HDL-C. When serum cholesterol concentrations exceed these levels, it is

referred to as hypercholesterolemia [124].
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3.5 Serum Urea and Creatinine:

Result of serum urea levels in Table (3-5) and Figure (3-12) showed

a high significant increase in serum urea in G2 and G3 as compared with

Gl.

Additionally, the result of creatinine levels showed a significant

increase in serum creatinine in G2 and G3 as compared with G1,Figure

(3-13).

Table (3-5): Serum urea and creatinine levels in the study groups

Parameter

Means = SD

p-value
Gl G2 G3 Gl&G2 | G1&G3
(n=50) (n=50) (n=50)
Urea (mmol/L) 497 +1.50 8.04 +2.92 7.20£3.79 HS HS
Creatinin (mmol/L) | 78.10 £ 10.92 | 102.62 + 56.63 | 99.49 + 51.78 S S

56

G1: Control, G2: Ml patients with DM, G3: MI patients without DM, HS: Highly significant, S: Significant, NS: Not significant
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Figure (3-12): Comparison between difference groups in serum urea
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Figure (3-13): Comparison between difference groups in serum

creatinine
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Blood urea and creatinine have a better guiding value for the clinical
treatment of AMI patients. Elevated of their values are related with an
improved risk of long-term mortality in patients with AMI [125, 126].
Both the renin-angiotensin-aldosterone system (RAAS) and sympathetic
nervous system (SNS) were triggered in patients with CVD, which could
promote absorption of water and sodium and cause passive reabsorption

of blood urea in the renal tubules [127].

Activation of the neurohormonal system could also lead to renal
vasoconstriction and reduced glomerular filtration rate and BUN
excretion [128]. Additionally, inadequate blood volume secondary to low
cardiac output stimulates the release of arginine vasopressin (AVP),
which can expedite the reabsorption of blood urea in the collecting duct.
For the causes that the creatinine was freely filtered through the

glomerulus and not reabsorbed [129].

For patients with AMI, higher blood urea and creatinine reflect a
more active neurohormonal system. It is generally supposed that
activation of the RAAS and SNS systems is related to contrary prognosis
[130, 131].

Elevated levels of protein intake, i.e. > 1.3 g/ kg/day, are related to
increased albuminuria, more rapid defeat of renal function and increased
CV mortality in diabetic patients. Decreasing protein intake below 0.8
g/kg/ day is unlikely to slow renal decay or decrease CV risk and is not
suggested [132]. It is not identified if a low protein diet reduces the risk
of developing diabetic kidney diseases (DKD). In general, dietary

patterns that are high in plant and sea foods and low in processed foods,
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e.g. the Mediterranean diet, are more likely to slow development of DKD
[133].

Diabetic patients are at improved risk of acute Kkidney injury
(AKI), paralleled to those without DM, and the risk is even greater in
those with AKI. Approximately 10% of patients hospitalized with AKI
need kidney replacement therapy and mortality rates of 50% are reported

for patients with this severity of injury [134].
3.6 Serum Ferritin:

Results of serum ferritin in Table (3-6) and Figure (3-14) showed a
highly substantial increase in serum ferritin in G2 as compared with G1,

and also showed a significant increase in G3 as compared to G1.

Table (3-6): Serum ferritin levels in the study groups

Parameter Means + SD p-value
Gl G2 G3 G1&G2 | G1&G3
(n=50) (n=50) (n=50)
Ferritin (ng/ml) | 117.48 +48.43 | 209.79 +98.82 | 189.31 +68.90 HS S

GL1: Control, G2: Ml patients with DM, G3: Ml patients without DM, HS: Highly significant, S: Significant, NS: Not significant.
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Figure (3-14): Comparison between difference groups in serum ferritin

A growing body of indication has proposed that excessive values of
ferritin, either low or high, may be prognostic of improved mortality in
patients with metabolic, renal, CV, hematological, neoplasmatic, and
other diseases. Further population revisions have delivered weak
indication of such relationship among people without medical history of
chronic diseases [135].

In men, most studies have revealed either positive or no association
between circulating ferritin and CV mortality independent of other
contributing factors [136, 137]. However, the overall interaction between
serum ferritin levels and CV mortality appears to be more multifaceted.
Men without pre-existent chronic diseases and high ferritin levels
(194-598 ng/ml) seemed with increased CV death risk independent of
confounders. This has a clinical implication, since measured ferritin
levels higher from reference spectrum may improve substantial value in
CV prognosis in otherwise healthy men [138].
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Other revisions proposed a relationship among women, between
serum ferritin and CV mortality and morbidity [139]. In this studies, Ml
patient with DM had higher ferritin levels so, they had higher all-cause
and CV mortality risk paralleled to those in the reference quartile. These
relationships persisted unaffected after adjustment for covariates
comprising anemia and inflammatory markers. Subgroup analysis also
confirmed poor prediction in women with low serum ferritin in the
absence of baseline chronic diseases.

The mechanism underlying the sex-specific relationships between
circulating ferritin and mortality is expected to be multifaceted, and may
not simply reveal alterations in body iron stores with obvious clinical
consequences. Apparently, males and females respond differently to iron-
induced myocardial injury, as this has been concerned in an
investigational study [140].

In  comparison, higher  serum  ferritin  concentrations
(hyperferritinemia) in MI patients with and without DM have been
considerably associated with higher risk of metabolic diseases such as
DM, obesity, and hyperlipidemia with subsequent increase of CV risk
[141].

Moreover, inflammatory processes may effect circulating ferritin
levels. In the context of CVD, ferritin may utilize a dual pro-
inflammatory role. Its higher concentrations may denote an acute phase
reactant consistently to high sensitivity c-reactive protein (hsCRP), while
the reduced concentration may also precipitate inflammation. Therefore,
both high and low ferritin concentrations may relate to improved
inflammation, prompting the development of CVD and other chronic
diseases [142].
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The present data may conflicts the multi-practical role of ferritin,
hypothetically complicated in other non-inflammatory pathways like
angiogenesis.

3.7 Serum Cortisol:

Results of serum cortisol in Table (3-7) and Figure (3-15) showed a
highly substantial rise in serum cortisol in G2 and G3 as paralleled with
G1.

Table (3-7): Serum cortisol levels in the study groups

Parameter Means + SD p-value
G1 G2 G3 Gl1&G2 | G1&G3
(n=50) (n=50) (n=50)
Cortisol (ng/ml) | 88.17 + 18.76 145.62 +£10.16 | 141.93 + 38.26 HS HS

G1: Control, G2: MI patients with DM, G3: Ml patients without DM, HS: Highly significant, NS: Not significant.

/ 145.62 141.93
160 /
140 /
120 / 88.17
100 -

80 1
60
40 -
20

Cortisol (ng/ml)

Control: G1 With DM: G2 Without DM: G3

Figure (3-15): Comparison between difference groups in serum cortisol

62




Chapter Three Results and Discussion

It has been reported that morning plasma levels of cortisol to be
positively associated with plasma glucose, blood pressure, and other CV
risk factors [143].

Associations have also been found between cortisol and markers of
sub-clinical atherosclerosis including carotid plagues and CA
calcification. Evidence of an association between circulating cortisol
levels and CVD events is, however, less conclusive, with studies to date
mostly being cross-sectional [144]. Study of Bowden et al., 2016 has
reported a positive association between morning plasma cortisol and
CVD, but effects were imprecisely estimated due to the small study sizes
(number of incident CVD cases between 63 and 320) [145].

Large study analysis uses the genetic predictors of morning plasma
cortisol as instrumental variables in Mendelian randomization analyses,
has found that blood cortisol is a causal risk factor for CVD [146].

This study suggests that the elevated morning serum cortisol that is
associated with CVD is may be attributed to a response of the
hypothalamic-pituitary-adrenal axis to chronic inflammation of

subclinical CV.

3.8 Serum Testosterone:

Results of serum testosterone in Table (3-8) and Figure (3-16)
showed a reduction in serum testosterone in G2 and G3 as paralleled to

G1, but it was not substantial.
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Table (3-8): Serum testosterone levels in the study groups

Parameter

Means + SD

p-value

Gl
(n=50)

G2 G3
(n=50 (n=50

G1&G2 G1&G3

Testosterone (ng/ml) 1.61+1.46

1.32+1.08 1.54 £1.48

NS

NS

G1: Control, G2: Ml patients with DM, G3: Ml patients without DM, NS: Not significant.

Testosterone (ng/ml)

1.61

AN

Control: G1

With DM: G2 Without DM: G3

Figure (3-16) Comparison between difference groups in serum testosterone

This hormone has essential physiological roles and deficit can

harmfully affect the fat, bone, muscle, brain, peripheral nerves, CV

system and particularly the male genital and reproductive systems [147].

Testosterone is vital for the regulation of carbohydrate metabolism, lipids

and proteins, and positively disturbs glucose control, liver fat, cardiac
biomarkers, muscle growth and adipogenesis [148].

Araujo et al.,2011 achieved a meta-analysis that involved 18 studies

and more than 22,000 subjects and concluded that both overall and CV

mortality were associated with testosterone levels. Testosterone therapy
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in hypogonadal men intervals time to ischemia, advances mood and is
related with hypothetically beneficial reductions in biomarkers, TC, and
serum tumor necrosis factor-alpha [149].

It has been revealed that administration of testosterone progresses
myocardial ischemia in men with CVD. This trial found that in men with
CVD, testosterone delays the time to exercise-induced ST-segment
depression as measured on treadmill stress testing [150].

Additionally, a negative relationship it has been documented between
endogenous testosterone levels and intima-media thickness of the carotid
arteries, abdominal aorta and thoracic aorta, which proposes that men
with reduced levels of endogenous testosterone may be at a greater risk of
evolving more generalized atherosclerosis [151].

Evidence also proposes that men with reduced testosterone levels are
more expected to progress CVD during their lifetime and CVD severity
has been revealed to associate with the degree of testosterone deficit
[152].

Daka et al.,2015 reported that reduced concentrations of testosterone
expected acute MI in men with T2DM [153], which is in agreement with
the present study.

Yeap et al.,2014 studied 3,690 older men over 10 years, total- and
free- testosterone levels in the normal value were related with decreased
all-cause and CV mortality. Interestingly, both low and high levels of
testosterone were related with all-cause mortality, and elevated levels of
dihydrotestosterone decreased ischemic heart disease mortality [154].

A review by Muraldeedharan et al.,2015 documented that there is no
pathogenic link, but low testosterone may merely be a marker of disease
[155].
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3.9 Correlations among Study Analysis:

Table (3-9): Correlation coefficient (r) between serum ghrelin and
other studied parameters

Serum Ghrelin G, Gs
ng/mL
Age R 0.21 0.09
P 0.120 NS 0.460 S
BMI R -0.08 -0.05
Kg/m?
P 0.517 S 0.691S
FSG R -0.10 -0.11
mmol/L
P 0.449 NS 0.394 NS
Insulin R -0.06 -0.003
uU/ml
P 0.678 S 0.984 HS
HOMA-IR R -0.02 -0.07
P 0.853 HS 0.585 S
TC R -0.14 -0.15
mmol/L
P 0.296 NS 0.255 NS
TG R -0.25 -0.10
mmol/L
P 0.066 NS 0.439 S
HDL-C R 0.11 0.15
mmol/L
P 0.385S 0.230 NS
LDL-C R -0.19 -0.19
mmol/L
P 0.135 NS 0.149 NS
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VLDL R -0.25 -0.10
mmol/L
P 0.066 NS 0.439 S
Urea R -0.24 -0.14
mmol/L
P 0.071 NS 0.447 S
Creatinine R -0.48 -0.29
pmol/L
P 0.0001 NS 0.032 NS
Ferritin R -0.04 -0.13
ng/mi
P 0.713 HS 0.279 NS
Cortisol R -0.07 -0.01
ng/ml
P 0.573S 0.921 HS
Testosterone R 0.41 0.15
ng/ml
P 0.0012 NS 0.262 NS

3.9.1 Correlation of Serum Ghrelin and Age:

There was a positive correlation between serum ghrelin and age
(r=0.21, p= 0.120), (r= 0.9, p= 0.460) in G, and Gz respectively, but it

was not significant as revealed in Table (3-9).
3.9.2 Correlation of Serum Ghrelin and BMI:

There was a negative correlation between serum ghrelin and BMI
(r= -0.08, P > 0.05), (r= -0.05, P > 0.05) in G, and G patients
respectively as revealed in Table (3-9).
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3.9.3 Correlation of Serum Ghrelin and FSG:

There was a negative correlation between serum ghrelin and FSG in
G, and G3 (r= 0.10, P > 0.05), (r= 0.11, P > 0.05) in G,, G3 patients and

respectively as revealed in Table (3-9).
3.9.4 Correlation of Serum Ghrelin and Insulin:

There was a negative correlation between serum ghrelin and insulin
(r =-0.06, P > 0.05) in G, and (r= - 0.003, P > 0.05) in G3, but they

were not significant as revealed a Table (3-9).
3.9.5 Correlation of Serum Ghrelin and HOMA-IR:

There was a negative correlation between serum ghrelin and
HOMA-IR (r= 0.02, P > 0.05) in G2 and (r= - 0.07, P > 0.05) in G3 as
revealed in Table (3-9).

3.9.6 Correlation of Serum Ghrelin and TC:

There was a substantial negative correlation between serum ghrelin
and TC (r=-0.14, P>0.05) in G,, and (r=- 0.15, P > 0.05) in G; patients,

as revealed in Table (3-9).
3.9.7 Correlation of Serum Ghrelin and TG:

There was a negative correlation between serum ghrelin and TG
(r=0.25, P > 0.05) in G2, and (r= 0.10, P > 0.05) in G3 as revealed in
Table (3-9).
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3.9.8 Correlation of Serum Ghrelin and HDL-C:

There was a positive correlation between serum ghrelin and HDL-C
(r=0.11, P <0.05) in G2 and (r= 0.15, P > 0.05) in G3, as revealed in
Table (3-9).

3.9.9 Correlation of Serum Ghrelin and LDL-C:

There was a negative correlation between serum ghrelin and LDL-C
(r=-0.19, P > 0.05), (r= -0.19, P > 0.05) in G, and Gj respectively as
revealed in Table (3-9).

3.9.10 Correlation of Serum Ghrelin and VLDL

There was a negative correlation between serum ghrelin and VLDL
(r=0.25, P > 0.05) in G2 and (r= 0.10, P > 0.05) in G3 as revealed in
Table (3-9).

3.9.11 Correlation of Serum Ghrelin and Urea:

There was a negative correlation between serum ghrelin and urea
(r=0.24, P > 0.05) in G2, (r= 0.14, P > 0.05) in G3 respectively as
revealed in Table (3-9).

3.9.12 Correlation of Serum Ghrelin and Creatinine:

There was a substantial negative correlation between serum ghrelin
and creatinin (r= 0.48, P <0.01) in G2 and (r= 0.29 P < 0.05) in G3 , as
revealed in Table (3-9).
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3.9.13 Correlation of Serum Ghrelin and Ferritin:

There was a negative correlation between serum ghrelin and
ferritin (r= -0. 04, P > 0.05) in G, and (r= - 0.13, P > 0.05) in Gg, as
revealed in Table (3-9).

3.9.14 Correlation of Serum Ghrelin and Cortisol

There was a positive correlation between serum ghrelin and
cortisol (r=0.07, P > 0.05) in G,, while there was a negative correlation
(r=-0.01, P >0.05) in Gz as revealed in Table (3-9).

3.9.15 Correlation of Serum Ghrelin and Testosterone:

There was a positive correlation between serum ghrelin and there
was a significant positive correlation between serum ghrelin and
testosterone (r= 0.15, P > 0.05) in G3, while was a substantial positive
correlation between serum ghrelin and testosterone in G, respectively as
shown a Table ( 3-9).
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Conclusions

1- Serum FSG, insulin, and HOMA-IR levels were significantly increased
in MI patients (with / without DM) as paralleled to the controls, which

means that all patients had hyperglycemia, hyperinsulinemia, and IR.

2- Serum ghrelin level was highly significant decrease in Ml patients with

DM as paralleled to Ml patients and controls.

3- Serum TC and TG, LDL-C, and VLDL were significantly increased
in MI patients (with / without DM) as paralleled to the control. While,
there was a significant decrease in serum HDL-C in MI patients (with /

without DM) as paralleled to the control.

4- Serum ferritin level was highly significant increased in MI patients

with DM as paralleled to M1 patients and controls.

5- Serum cortisol level was highly significant increased in MI patients

(with / without DM) as paralleled to the controls.

6- Also, there was a reduction in serum testosterone levels in Ml patients

(with / without DM) as paralleled to the controls.
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Suggestions for Future Studies

1- Evaluation thepotential role for ghrelin based pharmacotherapies.

2- Study the role of serum ghrelin in diabetic patients with another

complications such as nephropathy, or retinopathy.

3- Assessing the role of serum ghrelin in TLDM.
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(Appendix)

Questionnaire:

Sample No:

Name:

Sex:

Smoking:

Family history:
Duration of DM:
History of MI or DM:

Examination:

Weight: Height:

Investigations:

Biochemical investigation

1) Ghrelin 2) Urea

4) Cortisol 5) Testosteron
7) FBS 8) Insulin

10) TC 11) TG

13) LDL 14) VLDL
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age:
Blood pressure:

medication:

BMI:

3) Creatinine
6) Ferritin

9) HOMA-IR
12) HDL



References




References:

1- American Diabetes Association. Standards of medical care in diabetes:
Summary of revisions. Sec 1. Diabetes Care 2016; 39(1):54-S5.

2- American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes Care 2010; 33(1):S62.

3-Siddiqui AA, Siddiqui SA, Ahmad S, Siddiqui S, Ahsan I, and Sahu K.
Diabetes: Mechanism, pathophysiology and management-A review.

International Journal of Drug Development and Research 2013; 5(2).

4- Wang and Guanyu. Insulin resistance: the adjustable threshold
hypothesis. Journal of the Royal Society Interface. 2014; 11(101): 892.

5-Mcintyre HD, Sacks DA, Barbour LA, Feig DS, Catalano PM, Damm
P, et al. Issues with the diagnosis and classification of hyperglycemia in

early pregnancy. Diabetes Care 2016; 39:53-4.

6- American Diabetes Association. classification and diagnosis of
diabetes: standards of medical care in diabetes Diabetes Care 2018; 41(1),
S13-S27.

7- Mustafa SB, Mehmood Z, Akhter N, Kauser A, Hussainl, Rashid A.
and Niazi SG. Medicinal plants and management of Diabetes Mellitus: A
review. Pak. J. Pharm. 2016; 29(5):1885-1891.

8- Singh VP, BaliA, Singh N, and JaggiAS. Advanced glycation end
products and diabetic complications. The Korean Journal of physiology &
Pharmacology 2014; 18(1):1-14.

9- Fazel MT, and Pendergrass ML. Individualizing treatment of
hyperglycemia in type 2 diabetes. Journal of Science Communication
2017; 24(1):23-38.

74


http://rsif.royalsocietypublishing.org/content/11/101/20140892
http://rsif.royalsocietypublishing.org/content/11/101/20140892

10- Forbes JM and Cooper ME. Mechanisms of diabetic complications.
Physiol Rev 2013; 93: 137-188.

11- American Diabetes Association Standards of Medical Care in
Diabetes-2011. Diabetes Care 2011; 34: S11-61.

12- Gillett MJ International Expert Committee report on the role of the
Alc assay in the diagnosis of diabetes: Diabetes Care 2009; 32(7):1327-
1334,

13- Ahmad AJ, Khan A, Khan S, Manzoor K. Causes, complication and
management of diabetes mellitus. Chronicle Journal of food and Nutrition
2017; 1:1-3.

14- American Diabetes Association. Diagnosis and classification of
diabetes mellitus. Diabetes carek 2014; 37(1):S81-S90.

15- McGill HC, McMahan CA, Gidding SS. Preventing heart disease in
the 21st century: implications of the pathobiological determinants of
atherosclerosis in youth study. Circulation 2008; 117(9):1216-1227.

16- Jaffe and Allen S. Use of biomarkers in the emergency department
and chest pain unit. Cardiology Clinics 2008; 23(41): 453-465.

17- Voet DJ, Voet JG, and Charlotte W. Principle of biochemistry.
International student version 2008, 3 " ed., Ch 20, PP. 681-729.

18-Mallinson T. Myocardial Infarction. Focus on First Aid 2010 (15):15.

19-BasuSh, Rani PU, Srinivasan AR. Association of Creatine kinase
(MB) and troponin (1) with electrocardio-graphic changes, in acute
myocardial infarction. Biomedical Research 2009; 20(2):84-86.

75


http://www.focusonfirstaid.co.uk/Magazine/issue15/index.aspx

20- Ory DS and Schaffer JE. ApoA-1 in Diabetes: Damaged Goods.,
Diabetes. 2010; 59(10):2358-2359.

21-Gatti A, Maraghi M, Bassi M, Carallo M, Gnasso A, Aandosi A, et al.
Poor glycemic control is an independent risk factor for low HDL
cholesterol in patients with type 2 diabetes. Cardiovascular and Metabolic
Risk., Diabetes Care 2009; 32(8):1550-1552.

22-Hamm CW, Bassand JP, Agewall S, et al. ESC guidelines for the
management of acute coronary syndromes in patients presenting without
persistent ST-segment elevation: The Task Force for the management of
acute coronary syndromes (ACS) in patients presenting without persistent
ST-segment elevation of the European Society of Cardiology (ESC).
European Heart Journal.2011; 32(23):2999-3054.

23- Schinner WA, Scherbaum SR, Bornstein A, Barthel. Diabet. Med.
2005; 22(6):674—682.

24- Mahmoud AK, Afrin SF and Hoque N. Metabolic syndrome and
insulin resistance: Global Crisis. Bangladesh J Med Biochem 2011; 4(1):
27-31.

25- Reaven GM. The insulin resistance syndrome: definition and dietary
approaches to treatment. Annu. Rev. Nutr 2005; 25:391-406.

26- MohanmmadiS, Hosseinzadeh-AttarMJ, HosseinnezhadA, Hosseini
SH, Eshraghian MR, Nezhad MK, and Karimi M. Compare the effects of
different visfatin concentration on cardiovascular risk factors, adiponectin
and insulin resistance in patients with T2DM. diabetes & Metabolic
Syndrome: Clinical Research & Reviews 2011; 5(2):71-75.

76


http://diabetes.diabetesjournals.org/search?author1=Daniel+S.+Ory&sortspec=date&submit=Submit
http://diabetes.diabetesjournals.org/search?author1=Jean+E.+Schaffer&sortspec=date&submit=Submit

27- Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and
insulin resistance: Underlying causes and modification by exercise
training. Compr. Physiol. 2013; 3(1):1-58.

28- Garrido MJM, Antonio RJ, Penos Mayor S, Mdel PBM, Comas RA,
Martinez BA. Asthma and insulin resistance in obese children and
adolescents. Pediatr. Allergy Immunol. 2014; 25(7):699-705.

29- Kojima M, Hosoda H, Date Y, Nakazato M, Matsuo H, Kangawa K:
Ghrelin is a GH-releasing acylated peptide from stomach. Nature 1999;
402:656 — 660

30- Sato T, Nakamura Y, Shimura Y, Ohgusu H, Kangawa K, Kojima K
,Structure, regulation and function of ghrelin. J Biochem. 2012; 151(2):
119- 128.

31- Hiroshi H, Masayasu K, Kenji K. Biological, physiological, and
pharmacological aspects of ghrelin. J Pharmacol Sci. 2006; 100:
398 - 410.

32- Muller T, Nogueiras R, Andrew Z, BenotiS, Bowers Y, Ghrelin. Mol
Met 2011; 4(60):437-44.

33- Madison LD, Scarlett JM, Levasseur P et al. Prostacyclin signaling
regulates circulating ghrelin during acute inflammation. J. Endocrinol.
2008; 196(2): 263-273.

34- Baldanzi G, Filigheddu N, Cutrupi S, Catapano F, Bonissoni S,
Fubini et al. Ghrelin and des-acyl ghrelin inhibit cell death in
cardiomyocytes and endothelial cells through ERK1/2 and Pl 3-
kinase/AKT. J Cell Biol. 2002;159(6):1029-1037.

77



35- Yang J, Brown, MS, Liang G, Grishin NV, and GoldsteinJL.
Identification of the Acyltransferase That Octanoylates Ghrelin, an
Appetite-Stimulating Peptide Hormone Cell 2008; 132:387-396

36- Kojima M, Hosoda H, Kangawa K. Purification and distribution of
ghrelin: the natural endogenous ligand for the growth hormone

secretagogue receptor. Hormone Research. 2001; 56(1):93-97

37- Hosoda H, Kojima M, Matsuo H, Kangawa K. Ghrelin and des-acyl
ghrelin: two major forms of rat ghrelin peptide in gastrointestinal tissue.
Biochem. Biophys. Res. Commun.2000; 279(3):909-913.

38- Yang J, Brown MS, Liang G, Grishin NV, Goldstein JL.
Identification of the Acyltransferase that octanoylates ghrelin, an
appetite-stimulating peptide hormone. Cell 2008; 132(3):387-396 .

39- Stengel A, Keire D, Goebel M et al. The RAPID method for blood
processing yields new insight in plasma concentrations and molecular
forms of circulating gut peptides. Endocrinology 2009; 150(11):5113-
5118.

40- Ariyasu H, Takaya K, Tagami T et al. Stomach is a major source of
circulating ghrelin, and feeding state determines plasma ghrelin-like
immunoreactivity levels in humans. J. Clin. Endocrinol. Metab. 2001;
86(10):4753-4758 .

41- Toshinai K, Mondal MS, Nakazato M et al. Upregulation of ghrelin
expression in the stomach upon fasting, insulin-induced hypoglycemia,
and leptin administration. Biochem. Biophys. Res. Commun. 2001;
281(5):1220-1225 .

78



42- Lear PV, Iglesias MJ, Feijéo-Bandin S et al. Des-acyl ghrelin has
specific binding sites and different metabolic effects from ghrelin in
cardiomyocytes. Endocrinology 2010; 151(7):3286-3298 .

43- Banerjee RR, Rangwala SM, Shapiro JS, et al., Regulation of fasted
blood glucose by resistin. Science, 2004; 303:1195-8.

44-Konturek PC, Brzozowski T, Pajdo R, et al., Ghrelin-a new
gastroprotective factor in gastric mucosa, J PhysiolPharmacol, 2004;
55:325-36.

45-Hassouna R, Zizzari P, Tolle V. The ghrelin/obestatin balance in the
physiological and pathological control of growth hormone secretion,
body composition and food intake, J Neuroendocrinol, 2010; 22:
7793-804.

46- Mora M, Granada ML, Roca M, et al., Obestatin does not modify
weight and nutritional behaviour but is associated with metabolic

syndrome in old women, Clin Endocrinol, 2013; 78:882-90.

47- Nakazato M, Murakami N, Date Y, Kojima M, Matsuo H, Kangawa
K, et al. A role for ghrelin in the central regulation of
feeding. Nature. 2001; 409:194-8

48- WrenAM, Small CJ, Abbott CR, Dhillo WS, Seal LJ, CohenMA, et
al. Ghrelin causes hyperphagia and obesity in rats. Diabetes 2001; 50:
25402547

49- Cowley MA, Smith RG, Diano S, Tschop M, Pronchuk N, Grove KL,
Strasburger CJ, et al. The distribution and mechanism of action of ghrelin
in the Cns demonstrates a novel hypothalamic circuit regulating energy
homeostasis. Neuron 2008; 37:649661

50- Flier JS. Obesity wars: molecular progress confronts an expanding
epidemic. Cell 2004; 116:337350

79



51- Klok MD, Jakobsdottir S, Drent ML. The role of leptin and ghrelin in
the regulation of food intake and body weight in humans: a review. Obes
Rev. 2007;8(1):21-34.

52- Yang C, Wang Y, Liu H, Li N, Sun Y, Liu Z, et al. Ghrelin protects
H9c2 cardiomyocytes from angiotensin Il-induced apoptosis through the
endoplasmic reticulum stress pathway. J CardiovascPharmacol 2012;59:
465-71.

53- Ledderose C, Kreth S, Beiras-Fernandez A. Ghrelin, a novel peptide
hormone in the regulation of energy balance and cardiovascular function.
Recent Pat EndocrMetab Immune Drug Discov 2011; 5:1-6.

54- Yano Y, Nakazato M, Toshinai K, Inokuchi T, Matsuda S, Hidaka T,
et al. Circulating des-acyl ghrelin improves cardiovascular risk prediction

in older hypertensive patients. Am J Hypertens 2014; 27:727-33.

55- Invernizzi M, Carda S, Cisari C; on behalf of Societaltaliana per lo
Studio dellaSarcopenia e dellaDisabilitaMuscolo-Scheletrica. Possible
synergism of physical exercise and ghrelin-agonists in patients with
cachexia associated with chronic heart failure. Aging ClinExp Res 2014;
26:341-351.

56- Mitacchione G, Powers JC, Grifoni G, Woitek F, Lam A, Ly L, et al.
The gut hormone ghrelin partially reverses energy substrate metabolic
alterations in the failing heart. Circ Heart Fail 2014.

57- Mao Y, Tokudome T, Kishimoto I, Otani K, Miyazato M, Kangawa
K. One dose of oral hexarelin protects chronic cardiac function after
myocardial infarction. Peptides 2014;56:156-62.

58- Freeman JN, do Carmo JM, Adi AH, da Silva AA. Chronic central

ghrelin infusion reduces blood pressure and heart rate despite increasing

80


http://www.ncbi.nlm.nih.gov/pubmed/17212793
http://www.ncbi.nlm.nih.gov/pubmed/17212793

appetite and promoting weight gain in normotensive and hypertensive
rats. Peptides 2013; 42:35-42.

59- Pei XM, Yung BY, Yip SP, Ying M, Benzie IF, Siu PM. Desacyl
ghrelin prevents doxorubicin-induced myocardial fibrosis and apoptosis
via the GHSR-independent pathway. Am J PhysiolEndocrinolMetab
2014; 306: 311-323.

60- Yang C, Liu Z, Liu K, Yang P. Mechanisms of Ghrelin anti-heart
failure: Inhibition of Ang Il-induced cardiomyocyte apoptosis by
down-regulating AT1R expression. PLoS One 2014; 9:e85785.

61- Chang L, Zhao J, Li GZ, Geng B, Pan CS, Qi YF, et al. Ghrelin
protects myocardium from isoproterenol-induced injury in rats.
ActaPharmacol Sin 2004; 25:1131-1137.

62-Hentze MW, Muckenthaler MU, Andrews NC. Balancing acts:
molecular control of mammalian ironmetabolism. Cell. 2004; 117:
285-297.

63-Shander A, Goodnough LT, Javidroozi M, Auerbach M, Carson J,
Ershler WB, et al. Iron deficiency anemia Dbridging the knowledge and
practice gap. Transfus Med Rev. 2014; 28:156-166.

64- Oliveira F, Rocha S, Fernandes R. Iron metabolism: from health to
disease. J Clin Lab Anal. 2014; 28:210-218.

65- Watt RK. The many faces of the octahedral ferritin protein.
Biometals. 2011; 24:489-500.

66- Ji M, Li XD, Shi HB, et al. Clinical significance of serum ferritin in
elderly patients with primary lung carcinoma.Tumour Biol. 2014;
35:10195-10199

67- Mainous AG, Tanner RJ, Coates TD, Baker R. Prediabetes, elevated
iron and all-cause mortality: a cohort study. BMJ Open. 2014; 4:e006491.

81



68- Norberg M, Wall S, Boman K, Weinehall L. The Vasterbotten
Intervention Programme: background, design and implications. Glob
Health Action 2010; 3.

69- Eriksson M, Holmgren L, Janlert U, et al. Large improvements in
major cardiovascular risk factors in the population of northern Sweden:
the MONICA study 1986-2009. J Intern Med 2011; 269(2): 219-231.

70- Wulsin LR and Vieweg WV. Brain/body connection: Treating
depression in patients with cardiovascular disease Current Psychiatry.
2004; 3(3):20-34

71- Stegmayr B, Lundberg V, Asplund K. The events registration and
survey proceduresin the Northern Sweden MONICA Project.
Scandinavian journal of public health 2003; 31(61): 9-17.

72-Buvat J, Maggi M, Guay A, et al. Testosterone deficiency in men:
systematic review and standard operating procedures for diagnosis and
treatment. J Sex Med 2013;10:245-284.

73-Hackett G, Kirby M, Edwards D, et al. UK policy statements on
testosterone deficiency. Int J Clin Pract 2017;71.

74-Khera M, Adaikan G, Buvat J, et al. Diagnosis and treatment of
testosterone deficiency: recommendations from the Fourth International
Consultation for Sexual Medicine (ICSM 2015). J Sex Med
2016;13:1787-804.

75-Mohler E, Ellenberg SS, Lewis CE, et al. The effect of testosterone on
cardiovascular ~ biomarkers in  the  testosterone trials. J
ClinEndocrinolMetab 2018;103:681-688.

76- World Health Organization. Obesity: preventing and managing the
global epidemic (N0.894). World Health Organization 2000.

77- Tietz NW. Clinical Guide to laboratory test. 2™ edition Philadelpha,
Pa: WB Saunders co. 1990; 246-250.

82



78- Judzewitsch RG, Pfeifer MA, Best JD, Beard JC, Halter, JB. and
Porte DJr. Chronic Chlorpropamide therapy of non-insulin-dependent
diabetes augments basal and stimulated insulin secretion by increasing
islet sensitivity to glucose. J. Clin. End. and Metab.1982; 55(2):321-328.

79- Stubbs RJ, Hughes DA, Johnstone AM, et al. The use of visual
analogue scales to assess motivation to eat in human subjects: a review of
their reliability and validity with an evaluation of new hand-held
computerized systems for temporal tracking of appetite ratings. Br J Nutr
2000; 84:405-415.

80- Rautela GS and Liedtke RJ. Automated enzymic measurement of
total cholesterol in serum. Clin Chem. 1978; 24(1):108-114.

81- Kaplan AK and Amadeo JP. “Clinical chemistry: Theory, analysis,
and correlation”, 3" ed., Mosby, St. Louis Missouri, 1996, PP. 680.

82- Burtis CA and Ashwood ER. “Tietz textbook of clinical chemistry
and molecular diagnostic”, 4™ ed., W.B, Saunders Co., Philadelphia, PA,
2006, PP. 41-45.

83- DansethakulPrabhop et al. Determining a new formula for
calculating low-density lipoprotein cholesterol: data mining approach;
EXCLI Journal, 2015. pp. 478-483.

84- Patton CJ, Crouch SR, Anal. Chem., 1977; 49: 464-469.

85- HenryRJ, Clinical Chemistry, Principles and Tecnics, 2" Edition,
Harper and Row, 1974, PP 525.

86- Cal, Y, Kang K, Li Q, et al. Rapid and Sensitive Detection of Cardiac
Troponin | for Pointof-Care Tests Based on Red Fluorescent
Microspheres. Molecules. 2018; 23:1102.

83



87- ChallandGS, MickaeloudisA, WatfarRR, ColessSJ, MACKLIN JL.
Distribution of haemoglobin in patients presenting to their general
practitioner, and its correlation with serum ferritin. Ann. Clin. Biochem.,
1990; 27:15-20.

88- Fraser R. "Biosynthesis of adrenocortical steroids"”. In: VHT Jones
(Eds), Adrenal gland, series: Comprehensive endocrinology, 2nd edition,
New York: Raven Press, 1992, PP 117-130.

89- Cumming DC, Wall SR. Non sex hormone binding globulin bound
testosterone as a marker of hyperandrogenism. J Clin Endocrinol
Metab.1985; 61.:873-876.

90- Farajallah A, Ahmed A, Abdullah N, Abusnana S, Andrew P. The
Relationship between type 2 diabetes and total ghrelin level in a
population sample in the United Arab Emirates. IOSR Journal Of
Pharmacy 2014; 4(6):1-8.

91- American Diabetes Association: Diagnosis andClassification of
Diabetes Mellitus. Diabetes Care. 2009; 32:62-67.

92- American Diabetes Association: Causes of Diabetes Mellitus.
Diabetes Care.2010; 33:562-569.

93- Jawed M, Saeed MS, Shahid AD, Jawed S. Ghrelin level in type2
diabetes mellitus and obesity. ANNALS. 2017; 23(3):312-319.

94- Nishio K, Shigemitsu M, Kusuyama T, Fukui T, Kawamura K, Itoh
S, Konno N, Katagiri T: Insulin resistance in non-diabetic patients with
acutemyocardial infarction. CardiovascRevasc Med 2006, 7(2):54—60.
95- Gruzdeva O, Uchasova E, Belik E, Dyleva Y, Shurygina E and
Barbarash O. Lipid, adipokine and ghrelin levels in myocardialinfarction
patients with insulin resistance. BMC Cardiovascular Disorders 2014,
14:7:1-7

84



96- Yau AM, McLaughlin J, Maughan RJ, Gilmore W. and Evans GH.
The effect of short-term dietary fructose supplementation on gastric
emptying rate and gastrointestinal hormone responses in healthy
men. Nutrients 2017; 9(10):3390.

97- Pacifico L, Poggiogalle E, Costantino F, Anania C, Ferraro F,
Chiarelli F, Chiesa C: Acylated and nonacylated ghrelin levels and their
associations with insulin resistance in obese and normal weight children
with metabolic syndrome. Eur J Endocrinol 2009; 161(6):861-870.

98- Barazzoni R, Zanetti M, Ferreira C, Vinci P, Pirulli A, Mucci M, et
al. Relationships between desacylated and acylated ghrelin and insulin
sensitivity in the metabolic syndrome. J Clin Endocrinol Metab 2007,
92(10):3935-3940.

99- Doogue M, Begg E, Moore M, Lunt H, Pemberton C: Metformin
increases plasma ghrelin in type 2 diabetes. Br J Clin Pharmacol 2009,
68(6):875-882.

100- Chang L, Ren Y, Liu X, Li WG, Yang J, Geng B, Weintraub NL,
and Tang C. Protective effects of ghrelin on ischemia/reperfusion injury
in the isolated rat heart. J CardiovascPharmacol. 2004; 43:165-170.

101- Varela L, Vazquez MJ, Cordido F, Nogueiras R, Vidal-Puig A,
Dieguez C, Lopez M: Ghrelin and lipid metabolism: key partners in
energy balance. J MolEndocrinol 2011; 46(2):43-63.

102- Lage R, Vazquez MJ, Varela L, Saha AK, Vidal-Puig A, Nogueiras
R, Dieguez C, Lopez M: Ghrelin effects on neuropeptides in the rat
hypothalamus depend on fatty acid metabolism actions on BSX but not
on gender. FASEB J 2010; 24(8):2670-2679.

103- Yada T, Dezaki, K, Sone H, Koizumi M, Damdindorj B, Nakata M,
and Kakei M. Ghrelin regulates insulin release and glycemia:
physiological role and therapeutic potential. Current Diabetes Reviews,
2008; 4(1):18-23.

85



104-Wadden D, Cahill F, AminiP, Randell E, Vasdev S, Yi Y, and Sun,
G. Serum acylated ghrelin concentrations in response to short-term
overfeeding in normal weight, overweight, and obese men. PLOS One,
2012; 7(9):45748.

105- Ukkola, O. Ghrelin in type 2 diabetes mellitus and metabolic
syndrome. Molecular and cellular endocrinology, 2011; 340(1):26-28.
106- ShiiyaT, Nakazato M, Mizuta M, Date Y, Mondal MS, Tanaka M,
and MatsukuraS. Plasma ghrelin levels in lean and obese humans and the
effect of glucose on ghrelin secretion. Journal of Clinical Endocrinology
& Metabolism, 2002; 87(1):240-244.

107- Pacifico L, Poggiogalle E, Costantino F, Anania C, Ferraro F,
Chiarelli F, and Chiesa C. Acylated and nonacylated ghrelin levels and
their associations with insulin resistance in obese and normal weight
children with metabolic syndrome. European Journal of Endocrinology,
2009; 161(6):861-870.

108- Tong J, Prigeon RL, Davis HW, Bidlingmaier M, Tschop MH, and
D'Alessio, D.Physiologic concentrations of exogenously infused ghrelin
reduces insulin secretion without affecting insulin sensitivity in healthy
humans. Journal of Clinical Endocrinology & Metabolism, 2013; 98(6):
2536-2543.

109- Broglio F, Arvat E, Benso A, Gottero C, Muccioli G, Papotti M, and
Ghigo E. Ghrelin, a natural GH secretagogue produced by the stomach,
induces hyperglycemia and reduces insulin secretion in humans. Journal
of Clinical Endocrinology & Metabolism 2001; 86(10):5083-5083.

110- Panchal P, Parmar J, Gohel V, Padalia M. . Exercise Stress Testing
In Diabetics with Asymptomatic Coronary Artery Disease. NJIRM
2014;6: 56-59.

86



111- Beckman JA, Creager MA, Libby P. Diabetes and atherosclerosis:
epidemiology, pathophysiology, and management. JAMA 2002; 287:
2570- 2581.

112- Gianazza E, Brioschi M, Fernandez AM, andBanfi C. Lipoxidation
in cardiovascular diseases. 2019

113- Bhattacharjee P, Das P, Nath BK, Basumatary A, Das D. HbA1C
and its Correlation with Lipid Profile in Acute Myocardial
Infarction.International Journal of Contemporary Medical Research 2018;
5(4):13-16.

114- Aldini MR, Domingues CM, Spickett P, Domingues A, Altomare
FJ, Sanchez-Gomez CL, Oeste D, Perez-Sala, Protein lipoxidation:
detection strategies and challenges, Redox Biol. 2015; 5: 253-266.

115- Moldogazieva NT, Mokhosoev IM, Mel’nikova TI, Porozov YB ,
and Terentiev AA. Oxidative stress and advanced lipoxidation and
glycation end products (ALEs and AGEs) in aging and age-related
diseases. 2019; 2019:1-14.

116- Greifenhagen U, Frolov A, Bliher M, and Hoffmann R. Plasma
proteins modified by advanced glycation end products (AGES) reveal
site-specific susceptibilities to glycemic control in patients with type 2
diabetes,” Journal of Biological Chemistry 2016; 291(18): 9610-9616.
117- Kudryavtseva AV, Krasnov GS, Dmitriev AA et al. Mitochondrial
dysfunction and oxidative stress in aging and cancer, Oncotarget 2016;
7(29): 44879-44905.

118- Ahotupa M. Oxidized lipoprotein lipids and atherosclerosis,” Free
Radical Research 2017; 51(4):439-447.

119- Yamauchi K, Ebihara Y, and Kawakami Y. Redox status of serum
apolipoprotein E and its impact on HDL cholesterol levels, Clinical
Biochemistry 2017; 50(13-14):777-783.

87



120- Patche J, Girard D, Catan A et al. Diabetes-induced hepatic
oxidative stress: a new pathogenic role for glycated albumin, Free
Radical Biology & Medicine 2017 ;102:133-148.

121- Chan KH, Huang YT, Meng Q, Wu C, Reiner A, Sobel EM, Liu S.
Shared molecular pathways and gene networks for cardiovascular disease
and type 2 diabetes mellitus in women across diverse ethnicities.
Circulation Cardiovascular Genetics. 2014; 7(6):911-919.

122- laea DB and Maxfield FR. Cholesterol trafficking and distribution.
Essays Biochem. Raghow R. Statins redox: A re-assessment of how
statins lower plasma cholesterol. World J. Diabetes. 2017; 8(6):230-234.

124- Couture P, Tremblay AJ, Kelly I, Lemelin V, Droit A,
and Lamarche B. Key intestinal genes involved in lipoprotein metabolism
are downregulated in dyslipidemic men with insulin resistance.J Lipid
Res. 2014; 55(1):128-137.

125- Takaya Y, Yoshihara F, Yokoyama H, et al. Risk stratification of
acute kidney injury using the blood urea nitrogen/creatinine ratio in
patients with acute decompensated heart failure. Circ J2015;79:
1520-1525.

126- Murata A, Kasai T, Matsue Y, et al. Relationship between blood
urea nitrogen-to-creatinine ratio at hospital admission and long-term
mortality in patients with acute decompensated heart failure. Heart
Vessels 2018; 33:877-885.

127-Georgiopoulou VV, Tang WHW, Giamouzis G, et al. Renal
biomarkers and outcomes in outpatients with heart failure: the Atlanta
cardiomyopathy consortium. Int J Cardiol 2016; 218:136-143.

128- Sood MM, Saeed M, Lim V, et al. The urea-to-creatinine ratio is
predictive of worsening kidney function in ambulatory heart failure
patients. J Card Fail 2015; 21:412-418.

88


https://www.ncbi.nlm.nih.gov/pubmed/?term=Couture%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24142110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tremblay%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=24142110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kelly%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24142110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lemelin%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24142110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Droit%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24142110
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lamarche%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24142110
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3927480/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3927480/

129- Borghi C, Omboni S, Reggiardo G, et al. Effects of the concomitant
administration of xanthine oxidase inhibitors with zofenopril or other
ACE-inhibitors in post-myocardial infarction patients: a meta-analysis of
individual data of four randomized, double-blind, prospective
studies. BMC Cardiovasc Disord 2018; 18:112.

130- Tobaldini E, Fiorelli EM, Prado M, et al. Primary PCI is associated
with different cardiac autonomic patterns in relation to the site of
myocardial infarction. European Heart Journal Intern Med 2015; 26:
792-797.

131- Er F, Dahlem KM, Nia AM, et al. Randomized control of
sympathetic drive with continuous intravenous esmolol in patients with
acute ST-segment elevation myocardial infarction: the BEtA-Blocker
therapy in acute myocardial infarction (BEAT-AMI) trial. JACC
Cardiovascinterv 2016; 9:231-240.

132- American Diabetes Association. Microvascular complications and
foot care: Standards of medical care in diabetes-2019. Diabetes Care
2019; S124-138.

133- Management of Diabetic Patients with Kidney Disease. Nutrients
2017; 9.

134-Levey AS, James MT. Acute Kidney Injury. Ann Intern Med
2017;167:66-80.

135- Ellervik C, Marott JL, Tybjerg-Hansen A, Schnohr P, Nordestgaard
BG. Total and cause-specific mortality by moderately and markedly
increased ferritin concentrations: general population study and
metaanalysis. Clin Chem. 2014; 60:14109.

89



136- Kim KS, Son HG, Hong NS, Lee DH. Associations of serum ferritin
and transferring % saturation with allcause, cancer, and cardiovascular
disease mortality: Third National Health and Nutrition Examination
Survey follow-up study. J Prev Med Public Health. 2012; 45:196-203.
137- Eftekhari MH, Mozaffari-Khosravi H, Shidfar F, Zamani A.
Relation between body iron status and cardiovascular risk factors in
patients with cardiovascular disease. IntJPrev Med. 2013; 4:911-916.
138- Stack AG, Mutwali Al, Nguyen HT, Cronin CJ, Casserly LF,
Ferguson J. Transferrin saturation ratio and risk of total and
cardiovascular mortality in the general population. QJM. 2014; 107:
623-33.

139- Friedrich N, Milman N, VoElzke H, Linneberg A, Jargensen T. Is
serum ferritin within the reference range a risk predictor of cardiovascular
disease? A population-based, long-term study comprising 2874 subjects.
Br J Nutr. 2009; 102:594-600.

140- Das SK, Patel VB, Basu R, Wang W, DesAulniers J, Kassiri Z, et al.
Females are protected from iron overload cardiomyopathy independent of
iron metabolism: key role of oxidative stress. J Am Heart Assoc. 2017; 6:
pii: e003456.

141- Han LL, Wang YX, Li J, Zhang XL, Bian C, Wang H, et al. Gender
differences in associations of serum ferritin and diabetes, metabolic
syndrome, and obesity in the China Health and Nutrition Survey. Mol
Nutr Food Res. 2014; 58:2189-195.

142- Fan Y, Wang J, Wei L, He B, Wang C, Wang B. Iron deficiency
activates pro-inflammatory signaling inmacrophages and foam cells via
the p38 MAPK-NF-«B pathway. Int J Cardiol. 2011; 152:49-55.

143- Phillips AC, Carroll D, Gale CR, Lord JM, Arlt W, Batty GD.
Cortisol, DHEA sulphate, their ratio, and all-cause and cause-specific

90



mortality in the Vietnam Experience Study. European Journal of
Endocrinology 2010; 163(2): 285-292.

144- Burgess S, Small DS, Thompson SG. A review of instrumental
variable estimators for Mendelian randomization. Stat Methods Med Res
2015.

145- Bowden J, Davey Smith G, Haycock PC, Burgess S. Consistent
estimation in Mendelian randomization with some invalid instruments
using a weighted median estimator. Genet Epidemiol 2016; 40(4):
304-314.

146- Bowden J, Davey Smith G, Burgess S. Mendelian randomization
with invalid instruments: effect estimation and bias detection through
Egger regression. Internationaljournal of epidemiology 2015; 44(2):
512-25.

147- Hackett G, Kirby M, Edwards D, et al. British Society for Sexual
Medicine guidelines on adult testosterone deficiency, with statements for
UK practice. J Sex Med 2017;14:1504-1523.

148- Ng Tang Fui M, Hoermann R, Prendergast LA, et al. Symptomatic
response to testosterone treatment in dieting obese men with low
testosterone levels in a randomized, placebo-controlled clinical trial. Int J
Obes 2017; 41:420-426.

149- Araujo AB, Dixon JM, Suarez EA, et al. Clinical review:
Endogenous testosterone and mortality in men: a systematic review and
meta-analysis. J ClinEndocrinolMetab 2011; 96:3007— 3019.

150- Webb CM, Adamson DL, de Zeigler D, Collins P. Effect of acute
testosterone on myocardial ischemia in men with coronary artery disease.
Am J Cardiol 1999; 83:437—439.

151- Svartberg J, Von Muhlen D, Mathiesen E, et al. Low testosterone
levels are associated with carotid atherosclerosis in men. J Intern Med
2006; 259:576-582.

91



152- Li L, Guo CY, Jia EZ, et al. Testosterone is negatively associated
with the severity of coronary atherosclerosis in men. Asian J Androl
2012; 14:875-878.

153- Daka P, Langer RD, Larsson CA. Low concentrations of serum
testosterone predicts acute myocardial infarction in men with type 2
diabetes mellitus. BMC Endocr Disord 2015;15:1-12.

154- Yeap B, Alfonso H, Chubb S, et al. In older men an optimal plasma
testosterone is associated with reduced all-cause mortality and higher
dihydrotestosterone with reduced ischemic heart disease mortality, while
estradiol levels do not predict mortality. J Clin Endocrinol Metab 2014;
99:E9-E18.

155- Morgentaler A, Miner MM, Caliber M, et al. Testosterone therapy
and cardiovascular risk: advances and controversies. Mayo Clin Proc
2015; 90:224-251.

92



Jaddd/
b e IS aall S gl sl Al Jiadll Gl plaaly oy e sa gSull el
o Al e ) e i) Glsiue b (@liAl dagy 4l giee oamliad) dagm
A sedl) Ao V)5 Bl (el oty had dale sa (S |l Y el Aalaiiall
O Ao OS5 5 Sl e Glielias 4oyt Goad Gl gl (o jall (0 Sl
Ay geall dge oY1 g Qi) (gl yal (8 At I Qi) aal o il 0 saall ) el

D18y Apsill (e oy puatiall A8l () ) 55 (8 osl) e Jsee i 0508 5& G S
Gl s Ll il sy 5 SISl Gyl (8 aSady geb @l e 50l gaill () 5a

Gl il 5eY el S el s bl Gudil) ) e 8 myall il o3a ciled
2019 ) 8 N 2018 s (e 3 38l slazy /

O oSl (e (55 ae dladl Qlll Aliae cliial (e O silay Al (oaim sall sl o
o2 s 02 50y Sl b e (e silas 50) Ui e 1001e Al il (s 5ias | 2 & il
sl (o ¢y gy (Al (om yall A5 &5 A5 40-65 O pd lee ) & 5l (53 (5 S
bl elikal g Ay puall g 4 Hoidall Clia gadl) 5 dpdall o & (ul) e bl Alae

Ll 5 ) oS3l il & il al

as jacl = 5l 535 Jass 50 ae calll) Aliae eLiial aia jal gl 45 e ol

ol el G OsilagY 5 slaal s aedl o 8kl de gena Jlidl &5 diu (35-65)
o) Iaxaza gl 1 5 g Sl ¢ il

LLAA\GSU:‘S}M‘)J\ > u}mﬂ\ 3 ) s ’)}S}lesu‘y}d\wmﬂd\ ‘\-.éﬂéj\ 3_“\)3“ AR
Jme G Al V) A8al) Cadas 5 (5 e sl ¢« 558580 > oy ) ¢ Gl )
codled o) sSadll il pdisall g byl

¢ S il U ¢ aall S lall ¢ anal) ALK i5e 8 5 S sdly ) gl < yelal
& s8N 5 Oy il ¢ iy S ¢ QUK mddia Jiaall J g il oS1 ¢ 530N () sl
O Ol Y 0l ae 48 e 5 Sl (e (e O silan ) Q) Aliae pLiA (o ye
Gl il Alme sliia) i je B LS (aliadl ollia S cpn o s Sl

(S G e e 05l Y ) ae 4 i 5 Sl (sa e e sl
¢ oAl b dIA e sl (S Gase 05/ ae) Qi) Alae lia) daye S

& 5 ¢ i gindll ¢ anll 8 ol jaldl (g ge pa (e Aaddie Ol glua ¢ Gl g da 5laa
Ok S 5 L) sl



& il g Sl e1a Gl pal Al Juaall b ol HSI il s ais e ddlad) Al jall Caags
il Ghsiee Al oo Db dggedll de Vg QN Gl Y caliadly S

lanal) aa e jlia s G sall b suay ol i) g (s ptbas siuaill 5 5 348 5S 5



AN AN NN NN NN NN NN

NAL NN NANNNNNANNNNNNNNNNNNANN

Republic of Iraq

Ministry of Higher Education and Scientific Research
University of Baghdad

College of Education for Pure Science (Ibn Al-Haitham)

Department of Chemistry

Evaluation of Serum Ghrelin and Some Biochemical Factors in
Type2 Diabetic Iraqi Patients with Cardiovascular Disease

A thesis

Submitted to the College of Education for Pure Sciences /lbn Al- Haitham at
the University of Baghdad as a Partial Fulfillment of the Requirement for the
Degree of Master of Science in Chemistry

By
Hamsa Ghawamer Ghazy

B.Sc. Chemistry (2016)/ College of Education for pure Sciences/ Ibn Al-
Haitham/ University of Baghdad

Supervised By

Dr. Nawal. M. J. Al-Shammaa

Assistant Professor

2019 1441

AN A AN A A A A A A A AN A A A A A A A A A A A A A

WA AN A AN ANy A ANr Ay AN Ay A A A




