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Summary

Summary

The current study aimed to evaluation osteocalcin (OC) level, some
hormones and biochemical criteria and fulfills from relationship among OC
and parameters above in male patients with type 2 diabetes mellitus (T2DM)
at Misan province during the period from December of 2018 to May of
2019. The study included 110 male (66 with T2DM and 44 healthy male)
aged (35-49) years. The study sample was divided according to the age into
three groups, the first (35-39) years, the second (40-44) years and the third
(45-49) yearss. Also divided according to the the body mass index (BMI) to
three groups, the normal weight (18.5-24.9 k/m?), overweight (25-29.9 k/m?)
and obesity (BMI>30 k/m?).

The results of the present study showed the values of fasting blood
glucose (FBG), Glycosylated haemoglobin Alc (HbALc), osteocalcin (OC)
and insulin in patients with T2DM increased significantly (P<0.05) in
comparision with control groups, while the values of prolactin in patients

with T2DM decrease significantly (P<0.05) in comparision with control

group.

The values of FBG and HbAl1c increased significantly (P<0.05) in
diabetics groups compared to the control groups for all age and BMI groups.
The values of total calcium (Ca) in patients of second age and overweight
groups increased significantly (P<0.05) compared to the control groups. The
value of the OC hormone showed a significantly (P<0.05) increased in
patients of the second age groups when compared to the control and to
patients of first age group, also its values increased significantly (P<0.05) in
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Summary

patients of overweight and obesity as compared to control groups. The value
of insulin hormone increased significantly (P<0.05) in the first age group,
normal weight and obesity compared to the control of same groups, also it’s
increased significantly (P<0.05) in patients of obesity compare to other

patients groups.

The results showed that luteinizing hormone (LH) values in third age
and overweight groups increased significantly (P<0.05) as compared to
control of same groups, but the values of the LH and testosterone (TT)
differed significantly (P<0.05) among patients with T2DM of age groups.
While the value of prolactin (PRL) decreased significantly (P<0.05) in the
first age and normal weight groups in patients with T2DM compared to
control groups.The values of thyroid hormones and thyroid stimulating
hormone did not differ significantly (P<0.05) between patients and control
groups for all age and BMI groups. The value of parathyroid hormone (PTH)
decreased significantly (P<0.05) in patients of the first age and normal
weight groups compared to the control of same groups.The results showed

no relationship between OC and other parameters studies

The conclusions of present study observed that the OC, insulin and PTH
levels increase with age and BMI, while PRL concentration decreased in
male with T2DM.,

—
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Chapter one Introduction

1. Introduction

Diabetes is a serious metabolic disease, which an increasing prevalence
worldwide and the number of influenced individuals may reach to 693
million in 2045 of whom 85% will have type 2 diabetes (T2DM) (Cho et
al.,2018; Basu et al., 2019).

Diabetes mellitus (DM) is a group of metabolic disorder diseases
resulting from either defect in insulin secretion, insulin activity or both
(WHO, 1999).

Diabetes mellitus can be accompanied by numerous complications
including different organ systems such as skeleton. However, type 1 and
type 2 diabetes mellitus affect bone differently; type 1 diabetes mellitus
(TIDM), which mostly founds in young adults or adolescents, bone
formation reduced and peak bone mass is poor (Hofbauer et al., 2007;
Hamann et al., 2012). In contrast, type 2 diabetes mellitus (T2DM) have
higher bone mineral density, but an increased risk of fractures because of
impaired bone quality (Schwartz and Sellmeyer, 2004; Strotmeyer and
Cauley, 2007).

Type 2 diabetes mellitus is described by insulin resistance in various
insulin target cells, for example, myoblasts, hepatocytes and adipocytes
(Shulman, 2000). T2DM, a complex multifactorial disease affect on sugar,
fat and protein metabolism, it can lead to a dysregulation in the calcium,
phosphorus and magnesium, thus leading to a series of complexities such as
cardiovascular disease, neuropathy, retinal disease, and bone disease (Zakeri
etal., 2011; Asokan et al., 2017).
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Chapter one Introduction

Skeleton has long been considered as a target organ by T2DM, the
hurtful effects of which on skeleton are multifactorial, modifying bone
turnover, structure, strength and impaired bone quality compared to healthy
controls (Carnevale et al., 2014; Shanbhogue et al., 2016).

The rate of bone turnover is reduced in patients with type 2 diabetes, as
reflected by decreased expression of biomarkers of bone resorption and
formation, including, calcium (Ca), parathyroid hormone (PTH) and
osteocalcin (OC) (Gerdhem et al., 2005).

Recently established that bone acts as an endocrine organ that secretes at
least 3 hormones: fibroblast growth factor 23 (FGF23), lipocalin 2 (LCN2),
and OC which suggest to modulates glucose metabolism, effect on fat

deposition and blood sugar levels (Al-Rifai et al., 2017).

Osteocalcin is the most abundant protein localciumted in the
extracellular matrix of bone synthesized by osteoblasts (Zoch et al., 2016).
In humans, it is a 49 amino acid with three glutamic acid residues (Ferron

and Lacombe, 2014).

Osteocalcin receptor G protein-coupled receptor family C group 6
member A (GPRC6A) is expressed in different tissues included the skeletal
muscle, brain, testis, bone, liver and pancreatic B-Cells (Karsenty and

Ferron, 2012).

Osteocalcin suggest to has numerous roles in deferent tissues, included
effect in stimulate testosterone biosynthesis in Leydig cells, Glucose
metabolism can be regulated by OC directly, throughout the receptor
GPRCO6A, increasing pancreatic B-cells proliferation improving insulin

synthesis and secretion (Wei et al., 2014) and indirectly by increasing

—
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Chapter one Introduction

glucagon-like peptide-1 (GLP-1) secreted by intestinal enteroendocrine L-
cells in the small intestine that has receptor on B-Cells enhancing insulin
secretion (Lu et al., 2015). Insulin signaling in osteoblasts enhances OC

action, which, in turn, favors insulin secretion (Shao et al., 2015).

Type 2 diabetes mellitus had been correlated with poor bone quality by
several mechanisms involved, insulin resistance and hyperglycemia on the
bone, accumulation advanced glycation end products effect on bone matrix

proteins (Dhaliwal et al ., 2014; Starup-Linde and vestergaard, 2015).

1.1. Aim of the Study

This study is designed to evaluation and fulfill from relationship among
osteocalcin (OC), insulin, reproductive hormones and some metabolic

hormone in male with T2DM, by determent the following:

1. Fasting blood glucose (FBG) and Glycosylated haemoglobin Alc
(HbALc).

2. Levels of osteocalcin (OC) and insulin (IN) in the blood serum.

3. levels of reproductive hormones (Luteinizing hormone (LH), Follicle
stimulating hormone (FSH), total testosterone (TT) and prolactin (PRL)

4. Levels of parathyroid hormone (PTH) and thyroid hormones (THs);
(thyroid stimulating hormone (TSH), Tri-iodothyronine (T3) and
Thyroxin (T4).

5. Estimate the total calcium (Ca) concentration in blood serum.

—
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Chapter Two Literature Review

2. Literature Review

2.1. Diabetes mellitus

Diabetes mellitus (DM) is a group of metabolic disorders in which there
are high blood glucose levels over a prolonged period due to insufficient
amount of insulin producing from pancreas or insulin resistance (Martin,
2006; Masharani and Michael, 2017).

The term diabetes mellitus describes a metabolic disorder of multiple
aetiology characterized by chronic hyperglycaemia with disorders of
carbohydrate, fat and protein metabolism (Helrich, 1990). Several pathogenic
processes are included in the development of diabetes; these range from
autoimmune destruction of the B-cells of the pancreas with resultant insulin
deficiency to abnormalities that result in resistance to insulin action (ADA,
2010).

Symptoms of marked hyperglycemia include; polyuria due to increased
osmotic pressure, increased thirst sensation, increased fluid intake to try to
compensate for increased urination, polydipsia, weight loss, although eating
food freguently, poor healing of wounds, sometimes with polyphagia, and

blurred vision (Powers, 2008).

There are many complications associated with the chronic hyperglycemia
of diabetes including specific long term microvascular complexities affecting
the kidneys, eyes, nerves, an increased risk for cardiovascular disease (CVD),
diabetic ketoacidosis, and bone disease (Kitabchi et al., 2009; Punthakee et
al., 2018).

—
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Patients with T2DM have hyperinsulinemia, because of impaired cellular
sensitivity to insulin, and hyperglycemia, because of insulin resistance

(Yamaguchi and Sugimoto, 2011).
2.2. Classifications of Diabetes Mellitus

Classification of diabetes mellitus is established on its etiology and clinical
presentation. And, there are four types or classes of diabetes mellitus; type 1
diabetes, type 2 diabetes, gestational diabetes, and other specific types (ADA,
2013).

2.2.1. Type 1 Diabetes Mellitus (T1DM)

Type 1 diabetes mellitus (also named insulin dependent diabetes mellitus),
this form which accounts for only 5-10% of DM patients (ADA, 2018). It is
characterized by an deficiency of insulin level caused by an autoimmune attack
on pancreatic B cells, leading to gradual reduction of the B cells population
leads to deficiency of insulin secretion (Pugliese, and Eisenbarth, 2007;
Bluestone et al.,2010).

Type 1 diabetes mellitus can affect children or adults, but traditionally was
termed "juvenile diabetes" because a majority of this diabetes cases in the
children (Rother, 2007).

2.2.2. Type 2 diabetes mellitus (T2DM)

Type 2 diabetes mellitus (also named non-insulin dependent diabetes or
adult— onset diabetes mellitus) is more common than type 1, making up to 90%
- 95% of DM cases (ADA, 2018), results from defects in the insulin action,
altered cell receptors for insulin (insulin resistance) than deficiency (Atkinson

—
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Chapter Two Literature Review

and Maciarnen, 1990). The risk of developing this form of diabetes increases
with age, obesity, and lack of physical activity (Shlomo, 2011). It is associated
with lifestyle factors and genetics (Risérus et al., 2009). The majority of
patients with this form are obese, which itself, causes insulin resistance
(Lebovitz, 2004).

2.2.3. Gestational Diabetes Mellitus (GDM)

Gestational diabetes mellitus (GDM) making up to 3-20% of pregnancy,
it’s referring to glucose intolerance and recognition during pregnancy (ADA,
2019). GDM is a temporary type of diabetes that occurs during pregnancy most
women with GDM will return to normal glucose levels after delivery (Smith-
Morris, 2005).

Hormones and adipokines secreted from the placenta, comprising tumor
necrosis factor (TNF)-a, human placental lactogen, and human placental
growth hormone are possible causes of insulin resistance (IR) in pregnancy. In
addition, increased progesterone, and cortisol during pregnancy play a role to a

disruption of the glucose insulin balance (Barbour et al., 2007).

To balance for the peripheral IR during pregnancy, insulin secretion
increases from a woman’s B-cell, the development of GDM happens when a
woman’s pancreas does not secrete sufficient insulin to keep up with the
metabolic stress of the IR. In addition, increased maternal adipose deposition,
decreased exercise, and increased caloric intake participate to this state of

relative glucose intolerance (Alfadhli, 2015).
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2.2.4. Other Types of Diabetes Mellitus

Monogenic diabetes is a rare disorder caused by genetic defects of
pancreatic B-cell function results from inheritance of one or more mutations in
a single gene causes B-cell dysfunction or insulin resistance (Amed and Oram,
2016; Misra and Hattersley, 2017). Monogenic diabetes consist of maturity-
onset diabetes of the young (MODY) which is autosomal dominantly inherited
diabetes that. In spite of a young age of onset (generally before age 25 yearss),
its not insulin-dependent, results from B-cell dysfunction rather than insulin
resistance and characterized by impaired insulin secretion with minimal or
defects in insulin action (ADA, 2010). Another type of DM; neonatal diabetes;
children diagnosed with diabetes within the first 6 months of life (referred to
neonatal diabetes) are similar to have monogenic diabetes and not T1DM
(ADA, 2016). These children commonly present with ketoacidosis and absent
C-peptide (Guilar-Bryan and Bryan, 2008).

Other Specific types of diabetes mellitus due to other causes, such as
diseases of the exocrine pancreas such as cystic fibrosis and pancreatitis, and
drug or chemical induced diabetes (such as with glucocorticoid use, in the
treatment of HIV/AIDS, or after organ transplantation) (ADA, 2019).

2.3. Diagnosis of Diabetes Mellitus

Diabetes Mellitus diagnosed according to (ADA, 2019) by the following.

e Fasting blood Glucose is >126 mg/dL (7.1 mmol/L), Fasting is defined
as abstaining from food intake for at least 8 hours (usually overnight).

e Two-hour postprandial glucose > 200mg/dL (11.1mmol/L) during oral
glucose tolerance test (OGTT).

e HbAlc > 6.5% (48mmol/mol) is also used in the diagnosis of diabetes.

—
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e In a patients with classic symptoms of hyperglycaemia such as
polyphagia, polydipsia and polyuria or hyperglycaemic, a random blood
glucose > 200 mg/dL (11.1 mmol/L) is diagnostic.

2.4.Complications of Diabetes Mellitus
2.4.1. Acute Complications

2.4.1.1. Diabetic ketoacidosis (DKA)

Diabetic ketoacidosis (DKA) is a common and life-threatening
complication of type 1 diabetes. DKA is caused by very low levels of insulin
and increased in counterregulatory hormones levels, such as glucagon,
catecholamines, cortisol, and growth hormone (Wolfsdorf et al., 2014). This
combination leads to catabolic changes in the metabolism of carbohydrates, fat,
and protein, impaired glucose utilization and increased glucose production by
the liver and kidneys result in hyperglycemia, lipolysis leads to increased
production of ketones, especially beta-hydroxybutyrate (B-OHB), ketonemia,
and metabolic acidosis (Kitabchi et al., 2006).In type 2 diabetes patients, DKA
occurs during concomitant acute illness or during transition to insulin
dependency (Mauvais-Jarvis et al.,2004).
2.4.1.2. Hyperosmolar hyperglycemic state

The hyperosmolar hyperglycemic state is the most serious acute
hyperglycemic emergency in patients with T2DM, it’s characterized by
extreme elevations in serum glucose concentrations and hyperosmolality
without ketosis (Pasquel and Umpierrez, 2014).These metabolic derangements
result from synergistic factors including insulin deficiency and increased levels
of counterregulatory hormones (glucagon, catecholamines, cortisol, and growth
hormone) (Kitabchi et al., 2001). Hyperosmolar hyperglycemic state is

associated with glycosuria, leading to osmotic diuresis, with loss of water,
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sodium, potassium, and other electrolytes. In hyperosmolar hyperglycemic
state, insulin levels are inadequate for glucose utilization by insulin sensitive
tissues but sufficient (as determined by residual C-peptide) to prevent lipolysis
and ketogenesis (ADA, 2001).
2.4.1.3. Hypoglycemia

Hypoglycemia is the most common, life-threatening acute complication of
diabetes treatment; it’s characterized by multiple risk factors and complex
pathophysiology (Cryer, 2006). The brain depends on a continuous supply of
glucose for energy, although it can also utilize ketone bodies. Young children
and adolescents are at higher risk for hypoglycemia, and the spectrum of
outcomes ranges from mild cognitive impairment to coma, seizure, and sudden
death. The risk of hypoglycemia increases with duration of diabetes, partially
due to progressive loss of alpha cell glucagon response to hypoglycemia, and is

inversely related to preservation of beta cells (ADA, 2005).
2.4.2. Chronic Complications
2.4.2. 1. Diabetic Nephropathy

Diabetic nephropathy is a long-standing microvascular complication of
diabetes and is the leading cause of end-stage renal disease (Chang et al.,
2016). Nephropathy defens to damage of the glomerulus (filtering apparatus of
the nephron) and capillaries associated with the glomerulus, leading to a
reduction in the filtering capability of the kidneys (Cerne, 2002).
2.4.2.2. Diabetic Retinopathy

Diabetic retinopathy is a specific fundus lesion that is the main cause of
blindness in patients with diabetes (Flaxman et al., 2017) Based on the changes

of haemodynamics or vascular geometry, vascular injury is considered to be

—
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Chapter Two Literature Review

the prime motivator for the initiation and progression of diabetic retinopathy
(Fletcher et al., 2007).

2.4.2.3. Diabetic Neuropathy

Diabetic neuropathy is one of the most common chronic complication of
diabetes, characterized by damage to nerve glial cells, axons, and endothelial
cells, and the morbidity from 30% to 50% in T2DM (Peltier et al., 2014).
Diabetic peripheral neuropathy is the main clinical manifestation of sensory
and autonomic nerve symptoms, distal symmetry polyneuropathy, and motor
neuropathy are the most common types of diabetic peripheral neuropathy (Pop-
Busui et al., 2017).
2.4.2.4. Cardiovascular Disease

The risk of cardiovascular disease (CVD) increased in diabetes, such that an
individual with diabetes has a risk of myocardial infarction equivalent to that of
nondiabetic individuals who have previously had a myocardial infarction
(Haffner et al., 1998). High blood glucose levels stimulate the synthesis of
advanced glycation end products, advanced oxidation protein products, and
oxidation of low-density lipoprotein and that they are related to vascular injury
in diabetes through several underlying processes that may be involved in the
development and progression of atherosclerosis and could escalate the risk of
CVD in patients with diabetes (Vamos et al., 2012)

2.5. Effects Diabetes on Bone

Diabetes Mellitus, especially T2DM, Its prevalence has increased along
with the increase in obesity resultant from lifestyle changes of modern life
(Moreira et al., 2015). Patients with T2DM, are at critical risk for well
recognized diabetic complications, recently, one of more complications

associated with DM, an increased risk of fragility fractures which seems to be

10
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rather independent of bone mineral density (BMD) (Jackuliak and Payer, 2014;
Liao et al., 2014). In general T2DM patients have normal BMD and
abnormalities in bone material strength and/or bone microarchitecture (Farr
and Khosla, 2016).

The mechanisms induced bone fragility in TIDM and T2DM were
complex and partially overlap, patients with TLDM are mainly suffering from
B-cell failure and low levels of Insulin-like growth factor-1 (IGF-1),which
disrupt the function of osteoblasts during growth, so that low peak bone mass
can occur at a young age (Hough et al.,2016; Napoli et al., 2017). In contrast,
patients with T2DM developed bone fragility at a later stage of the disease, and
consequently, at a later age due to the lack of insulin, advanced glycation end
products (AGEs) accumulation on bone collagen, glucose toxicity, affect bone

turnover (Napoli et al., 2014).

In general, the processes that included decreased bone formation in T2DM
involve a decrease in bone quality, alterations of the mesenchymal cell
differentiation and changes in osteoblasts and osteoclasts (Puspitasari et al.,
2017).

Xu et al.,, (2014) suggest that bone turnover is impaired in T2DM,

resulting in decreased osteoblastogenesis, osteoclastogenesis and bone mass.

2.6. Endocrine Mechanisms of Bone

skeleton is affected by various pathologic conditions, these being for
example T1DM and T2DM or hypogonadism, such as the decline in estrogen
during menopause, this may suggest, as proposed, that not only glucose
metabolism and reproductive functions could have an influence on the

skeleton, but that bone might interact with the respective organs to return a
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signal, thereby keeping up a cross-talk among skeleton, pancreas, muscle, liver,
and gonads (Schwetz, 2013).

The dominant paradigm in skeletal biology is that differentiation and
functions of the two bone-specific cell types osteoblasts and osteoclasts, are
determined by secreted molecules that can either be cytokines acting locally or
hormones acting systemically (Harada and Rodan, 2003; Teitelbaum and Ross,
2003).

2.7. Action of Bone

Bone is a mineralized connective tissue that contains four types of cells:
osteoblasts, bone lining cells, osteocytes, and osteoclasts (Downey and Siegel,
2006). Bone exerts numerous important roles in the body, such as locomotion,
calcium and phosphate storage, support and protection of soft tissues, and

harboring of bone marrow (Datta et al., 2008).

In spite of its inert appearance, bone is a highly dynamic organ that is
continuously resorbed by osteoclasts and neoformed by osteoblasts (Bonewald,
2011). The role of bone lining cells suggest to plays an important role in

coupling bone resorption to bone formation (Everts et al., 2002).

Normal bone remodeling is necessary for fracture healing and skeleton
adaptation to mechanical use, as well as for calcium homeostasis, on the other
hand, an imbalance of bone resorption and formation results in several bone
diseases (Dallas et al., 2013).

In past 15 years they discovered that bone, as an organ, is not only a target
of several endocrine signals, but itself acts as endocrine tissue. Indeed, bone
cells are secreting at least two hormones, Fibroblast growth factor 23 (FGF23)

and OC, which are involved in the regulation of phosphate homeostasis and

12

—
| —



Chapter Two Literature Review

energy metabolism, respectively (Ferron, 2018). The exact role of FGF23
signaling in the parathyroid gland remains unclear since some studies found
that it increases parathyroid hormone (PTH) secretion, while others found the

opposite effect (Ben-Dov et al., 2007; Brownstein et al., 2008).

Osteocalcin is expressed and secreted by distinguished osteoblasts in bone
and acts as a blood glucose-lowering hormone by stimulating insulin secretion
by B-cells and by favoring insulin sensitivity in muscle, liver, and white
adipose tissue (Pi et al., 2008).

2.8. Osteocalcin (OC)

OC also called “bone gamma-carboxyglutamic acid protein (BGP)” is the
most abundant noncollagenous protein in bone matrix (Razzaque, 2011). It is a
product of distinguished osteoblasts, formed by 46 to 50 amino acids related to
species, in humans, it is a 49 amino acid (Villafan-Bernal et al., 2011). The
human osteocalcin gene, BGLAP, is located on chromosome 1 at 1g25-g31 and
encodes an 11kD, 98 amino acid pre-pro-protein (Zoch et al., 2016). The
mature peptide is generated by sequential cleavage events that remove an
endoplasmic reticulum signal sequence and the pro-sequence followed by vy-
carboxylation of three glutamic acid residues at positions 17, 21, and 24 in
human while at positions 13, 17 and 20 in mouse,(figure, 2-1) (Ferron and
Lacombe, 2014).

OC found in two forms, undercarboxylated osteocalcin (ucOC) and fully
carboxylated osteocalcin (cOC), cOC is formed after the glutamic acid residues
of OC on the 17th, 21st, and 24th sites are carboxylated by vitamin K-
dependent carboxylase, OC with noncarboxylated glutamic acid residues is
known as ucOC (Pearson, 2007; Ferron, 2018).
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Figure (2-1): Osteocalcin maturation and activation steps (Ferron and
Lacombe, 2014)

Only 10-30% of OC secreted reaches systemic circulation, while the
remaining fraction is incorporated into bone matrix (Hernandez-Gil, 2006). y-
Carboxylation of OC occurs in the RER and is mediated by y-glutamyl
calciumrboxylase (GGCX), which needs reduced vitamin K as an essential
cofactor (Stafford, 2005). These posttranslational modification augments the
affinity of OC for hydroxyapatite; the mineral component of bone extracellular
matrix (ECM) (figure 2-2) (Hoang et al., 2003). Hence, the vast majority of
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OC secreted by osteoblasts is trapped in bone ECM, in which it establishes the
most abundant noncollagenous polypeptide (Ferron et al., 2010; Lacombe et
al., 2013). Although both y-carboxylated (Gla) and ucOC forms of OC are
detected in serum, most in vitro and in vivo studies indicate that the endocrine
function of OC is fulfilled by ucOC in mice and humans (Pi et al., 2011; Sabek
et al., 2015; Bonneau et al., 2017).

Physiological functions of OC include maintaining normal bone
mineralization, suppressing abnormal hydroxyapatite formation, and slowing
down growth cartilage mineralization (Pearson, 2007). Besides its role in bone
formation, studies suggest a potential relevance of undercarboxylated OC in
energy metabolism and male fertility (Ducy, 2011; Karsenty, 2011; Oury,
2012). Pittas et al., (2009); Yeap et al., (2010) suggest there are correlations
between total OC, including undercarboxylated and carboxylated OC, and
fasting glucose or insulin. Im et al., (2008); Kindbom et al., (2009) found OC

levels are lower in diabetic than in healthy subjects.

Figure (2-2): Three-dimensional structure of osteocalcin in huma (Hoang
et al., 2003)
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OC has receptor called G protein-coupled receptor (GPRC6A) is expressed
in several tissues including the liver, muscle, skeletal, brain, testis, bone, and
pancreatic B cells, figure (2-3) (Zoch et al., 2016).

Circulating OC levels vary according to age and gender (Midtby et al.,
2001). The young adult male had higher levels than young women of the
similar age (Fares et al., 2003; Jafari et al., 2008). As they have longer and
wider bones, and reach to peak BMD later in life (Szulc et al., 2007). After
peak (BMD) is reached, serum OC levels decrease in women and male (Glover
et al., 2008; Ardawi et al., 2010). In middle-aged and elderly male beyond 50—
60 yearss of age, serum OC concentrations become stable or increase slightly
(Gundberg et al., 2002).

Insulin
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/ 4 Insulin synthesis
T f-cell proliferation
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1 Neurotransmitter
Production

Osteocalcin Muscle

— . f Insulin sensitivity

Adipose

? Insulin sensitivity
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Figure (2-3): Effects of osteocalcin hormonal on whole body metabolis
(Zoch et al., 2016)
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OC is mainly synthesized by osteoblasts and is commonly used as a marker
to denote the status of bone turnover, although its precise role within the bone

matrix remains unclear (Zoch et al., 2016).

In animal models, unOC is suggested to increase insulin production and
release by a direct effect on pancreatic B-cells (Zanatta et al., 2014).
Conversely, insulin is believed to influence the osteoblasts directly and to

augment OC production (Clemens and Karsenty, 2011).

Ferron and Lacombe, (2014) mentioned that in mice, the OC supports
insulin secretion by pancreatic B cells and glucose utilization by peripheral

tissues.

2.9. Function of Osteocalcin

2.9.1. Glucose Metabolism and Osteocalcin

The glucose metabolism regulation in mammals is a complex physiological
process based on the interaction of a variety of hormones and other
extracellular signals working on specific target tissues (Bilotta et al., 2018).
The major hormones involved in this process, insulin that plays a key role in
promoting glucose uptake in muscle and adipose tissue, while it suppresses
gluconeogenesis in the liver; Insulin thereby reducing postprandial glucose
concentrations in the blood (Saltiel and Kahn, 2001).

Insulin receptor signaling pathway has been defined newly in the bone,
precisely in osteoblasts (Ferron et al., 2010). Harada and Rodan, (2003);
Faienza et al., (2015) found that bone can be a target of insulin action and a
main regulator of energy metabolism by favoring B-cell insulin secretion and

peripheral insulin sensitivity.
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In specific, a major role in the glucose metabolism regulation, at this level,
Is attributed to osteoblasts that produce OC (Ng and Martin, 2009).

The evidence that OC may have an extraskeletal metabolic role beyond to
its effect on bone is supported by data from mice lacking OC, in which an
increase in visceral fat followed by hyperglycemia and hypoinsulinemia was
observed, together with a decreased B-cell and insulin content (Ducy et al.,
1996). Moreover promoting insulin secretion, OC increases peripheral insulin

sensitivity (Kanazawa, 2015; Mizokami et al., 2017).

Depending on experimental findings so far available, the presence of a
positive loop between OC and insulin is suggested, by which OC stimulates
insulin secretion, while the release of OC is enhanced by insulin, patients with
insulin resistance have low circulating OC levels, and may have consequences
in their bone structure and function (e.g., higher risk of fractures) thereby
further strengthen the link between skeletal and glucose metabolism (Rubin,
2015).

In humans OC is inversely associated with FBG and HbAlc supporting
the theory of a bone pancreas axis (Liu et al., 2015). Motyl et al., (2010)
showed that poorly controlled blood glucose could lead to decreased serum OC
level in diabetic patients, while serum OC increased after blood glucose was

well controlled.

Lee et al., (2007) found that the changes of glucose metabolism could
effect OC concentrations. OC stimulates insulin secretion by working directly
on pancreatic B cells (Hinoi et al., 2008), and indirectly way through
stimulation of glucagon-like peptide-1 (GLP-1) secretion by the gut (Mizokami
etal., 2013).
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Studies in mice revealed that OC function in [ cells and myofibers is
mediated through its binding to the GPRC6A (Pi et al., 2011; Mera et al.,
2016). This pathway seems shows to be conserved in humans, since human OC
can bind and activate human GPRC6A (De Toni et al., 2016).

2.9.2. Osteocalcin and Insulin Secretion

In vivo searches suggested that OC favors insulin secretion and have many
independent biological effects on B-cells, which result altogether in a net
increase in insulin secretion in response to glucose (Kanazawa, 2015). OC
stimulates B-cell proliferation and thereby increases the -cell pool, but it also
promotes insulin synthesis and secretion directly, as well as indirectly way
through GLP-1 (Kanazawa, 2015; Ferron, 2018). Insulin plays an anabolic
effect on bones by stimulating osteoblast proliferation and differentiation
(Yang et al., 2010).

Animal studies have demonstrated that diabetic rodents have diminished
bone formation following bone injury, whereas insulin injection normalized it
(Gandhi et al., 2005). Insulin deficiency, as in TLDM, is characterized by low
quantities or activity of insulin-like growth factor-1 (IGF1) (Puspitasari et al.,
2017). The stimulating activity of IGF1 on osteoblasts is inhibited by high
level of AGEs or glucose (McCarthy et al., 2001) In contrast with T1DM,
T2DM is a disease that generally shows insulin resistance, it remains unclear
how in T2DM insulin resistance and insulin deficiency at later stage may

influence bone turnover and fragility (Puspitasari et al., 2017).

Wei et al., (2014) suggest that the OC stimulates insulin secretion and
production from pancreatic B-cells through two distinct signaling pathways;

First, OC stimulates directly, within minutes insulin secretion by B-cells, and
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second, OC stimulates within a few hours the expression at the mRNA levels
of the two genes encoding insulin in mice, Insl and Ins2. Both of these effects
are reliant on the presence of a functional GPRCG6A at the surface of pancreatic
B-cells, since OC is unable to stimulate insulin secretion or insulin gene
expression in pancreatic islets lacking GPRC6A (Pi et al., 2011; Wei et al.,
2014).

Mechanistically, the critical effect of OC on insulin secretion appears to be
mediated through the generation of CAMP in the cells subsequent activation of
GPRCG6A, this increased cAMP levels in turn may stimulate an increase in the
cytosolic content of Calcium which is known to support the release of insulin

granules from B-cells (Hinoi et al., 2008).

There is evidence that OC supports insulin secretion indirectly through
glucagon-like peptide-1 (GLP-1). GLP-1 is the one of the incretin hormones, is
produced by enteroendocrine L cells of the small intestine and secreted into the
circulation in response to nutrient ingestion (Drucker, 2006). GLP-1 promotes
insulin secretion by pancreatic B-cells in conditions of high glucose levels
(Mizokami et al., 2013).

Mizokami et al., (2014) and Pi et al., (2016) found that when orally
managed, the osteoblast derived hormone OC has the ability to indirectly
control insulin secretion, not only through production of other insulin-
regulating hormones, such as testosterone, but also by prompt of intestinal
GLP-1 secretion by OC receptor GPRC6A was detected in intestinal endocrine
cells expressing GLP-1. GLP-1 has been revealed to regulate both bone
remodeling and energy homeostasis (Diamanti-Kandarakis et al., 2011).

20

—
| —



Chapter Two Literature Review

2.9.3. Reproductive Hormone and Osteocalcin

The testis function regulation is classically ascribed to the hypothalamic
pituitary gonadal axis. According to this endocrine pathway, the hypothalamic
release of gonadotropin releasing hormone (GnRH) promotes the production of
the two gonadotropins, namely, luteinizing hormone (LH) and, follicle-
stimulating hormone (FSH) by the adenohypophysis, following, FSH and LH
act on the testis by promoting, respectively, the spermatogenesis and the
production of testosterone (TT) that in turn, inhibits both GnRH an

gonadotropins release with a negative feedback loop (Du Plessis et al., 2010).

Leydig cells of the testis are responsible for producing TT, which in turn
regulates the development of male reproductive organs, maturation of germinal
cells, and production of estrogen by aromatization. The major physiological

regulator of TT production by Leydig cells is the LH (Burns et al., 2002).

In male, TT plays a key role in stimulating secondary sexual characteristics
and maintaining the function of male reproductive tissues such as the testis and
prostate, in addition, it is necessary for health (Spitzer et al., 2013) as well as,
favors bone growth, maturation, and maintenance and prevention of osteo-
porosis (Mosekilde et al., 2013; Shao et al., 2015). El and Azar, (2013)

remember decline TT level in the patients withT2DM.

Ducy et al., (1996) revealed the existence of a parallel endocrine pathway
acting on the endocrine function of the testis, which involves a OC. OC effects
on the TT concentration through promote it is production by the testes ( Oury
et al., 2011). In clinical practice, there was also a positive relationship between
TT and OC (Kanazawa et al., 2013).
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The study of Oury et al., (2011) on male mice found that OC regulate the
synthesis of TT by Leydig cells, while TT is also reported to modulate the

osteoblastic expression of OC in male rats (Steffens et al., 2014).

The OC stimulates TT biosynthesis in the mouse testis by binding to
GPRCG6A in Leydig cells, interestingly; OC-deficient mice exhibit increased
concentrations of LH (Di Nisio et al., 2017). Furthermore, there are growing
evidence that OC concentrations are a dependable marker of insulin secretion
and sensitivity and circulating concentrations of TT in humans, by using mouse
models, found that the OC and LH act in 2 parallel pathways and that OC-
stimulated TT synthesis is positively controlled by bone resorption and insulin

signaling in osteoblasts (Oury et al., 2013; Karsenty and Oury, 2014).

2.9.4. Osteocalcin and Thyroid Hormones

Thyroid gland is endocrine gland in the body located in the anterior triangle
of neck in front of thyroid cartilage. The thyroid gland secretes two
biologically active thyroid hormones (THs); thyroxine (T4) and Tri-
iodothyronine (T3) (Kopp, 2005). TH synthesis and secretion is regulated by a
negative-feedback system that includes the hypothalamus, pituitary, and
thyroid gland (the HPT axis). Thyroid stimulating hormone (TSH) that
secretion from pituitary is the principal regulator of THs release and secretion;
it has a critical role in thyroid growth and development (Fekete and Lechan,
2014).

Thyroid hormones are essential for normal skeletal development,
maturation and metabolism; hypothyroidism weakens skeletal maturation,

resulting in growth retardation and skeletal abnormalities (Allain and
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McGregor, 1993). A key osteoblast protein revealed to be regulated by thyroid
hormone by increased OC mRNA half-life (Gouveia et al., 2001).

The THSs receptor modulates bone turnover, like to the steroid hormone
receptor superfamily; hyperthyroidism is a major cause of secondary
osteoporosis (Khosla and Melton, 1995). The receptor for T3 founds on
osteoblasts, and the THs reportedly promote the secretion of OC in osteoblasts
(Stern, 1996).

The biological functions of the thyroid hormone are mainly mediated by
binding to specific receptors in the nucleus, and that the receptor-hormone
complex activates the transcription of related genes (Mullur et al., 2014).
Kainuma et al., (2016) reported that the T3 stimulated OC synthesis in
osteoblasts through transcriptional levels. However, the exact mechanism
underlying the thyroid hormone-induced synthesis of osteocalcin remains to be

elucidated.

Thyroid hormones may act on bone cells indirectly by increasing secretion
of growth hormone (GH) and IGF-1, or directly by affecting target genes via
particular nuclear receptors. The presence of thyroid hormone receptors (TRs)
has been showed in human and rodent osteoblast-like cells and cell lines and

newly in osteoclasts derived from an osteoclastoma in vitro (Abu et al., 1997).
2.9.5. Osteocalcin and Parathyroid Hormone

Parathyroid hormone (PTH) is a polypeptide produced by the parathyroid
glands that keeps Calcium homeostasis, because of it’s stimulatory effects on
osteoclastic resorption and on the renal reresorption of Calcium, it shows both
anabolic and catabolic effects, depending in whether it is managed

intermittently or continuously respectively (Massaro and Rogers, 2004).
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Declined bone remodeling in T2DM has been demonstrated by a number of
lines of evidence, levels of PTH tend to be 20%-50% lower in the T2DM
subjects than in the controls, and even in the setting of reduced (Dobnig et al.,
2006; Yamamot et al., 2012; Ardawi et al., 2013).

Parathyroid Hormone binds to its specific cell membrane receptor and
activates several signal transduction pathways, resulting in increased BGLAP
gene expression to OC mRNA that is then translated in the rough endoplasmic
reticulum (RER) into OC (Yu et al., 2008).

D'Amelio et al., (2015) reported, postmenopausal osteoporotic females
treated with PTH have increased circulating OC and unOC levels and decrease
blood glucose concentrations during an oral glucose tolerance test. However, in
hypoparathyroid patients treated with PTH cause an increase in unOC but do

not affect fasting plasma glucose or insulin resistance (Harslof et al., 2015).

Osteocalcin embedded in bone matrix must be released during bone
resorption, the amount of OC increased in the presence of PTH; a stimulator of

resorption (Ivaska et al., 2004).

In mineral homeostasis, low level of circulating Calcium promotes the
parathyroid gland to release PTH, which later up regulates blood Calcium
levels by stimulating osteoclastic bone resorption, renal Calciumreresorption,
and renal production of vitamin D to increase intestinal Calcium resorption.
Increased serum phosphate and vitamin D stimulate FGF23 synthesis and
releasing in bone, which subsequently inhibits PTH production from the
parathyroid gland, inhibits vitamin D production in the kidney, and stimulates
renal phosphate excretion (Figure, 2-2) (Shao et al., 2015).
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Figure (2-3): Skeleton regulates mineral and energy homeostasis (Shao et
al., 2015).

2.10. Glycated Hemoglobin Alc (HbAlc)

HbAlc is glycated hemoglobin in which glucose is attached to the N
terminal valine residue of each b-chain of hemoglobin A (HbAlc). Since the
life span of erythrocytes is; 120 days, HbAlc reflects the average glucose
concentration over the preceding 8-12 weeks (Goldstein et al.,2004). It is
formed in a non-enzymatic pathway by hemoglobin's normal exposure to high
plasma levels of glucose. The use of this test has been extended to diagnose
and screen for diabetes mellitus with the endorsement of several international
diabetes societies and the WHO. In 2010, the International Expert Committee
and the American Diabetes Association proposed diagnostic criteria for
diabetes and pre-diabetes based on HbAlc levels. These are HbAlc >6.5% to
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diagnose diabetes mellitus and between 5.7-6.4% for pre-diabetes (ADA,
2013). The glycated hemoglobin has been used as a biomarker of long-term
glycemic control (Goldenburg and Punthakee, 2013). HbAlc values between
6% - 7% were considered as a sign of good control of diabetes, HbAlc values
between 7.1% -8% indicated moderated control, and HbAlc value >8% were

designated as poor control of diabetes (Marshall, 2010).

HbAlc is considered the golden standard in the management of type 2
diabetes mellitus (T2DM). It is part of the glycemic objectives and mentioned
in all the guidelines and clinical recommendations for the management of
T2DM, also increased HbAlc values are associated with increased risk of
T2DM specific complications (ADA, 2013).
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3. Material and methods
3.1. Material
3.1.1. Apparatus and Equipment

The apparatus and equipment used in this study are summarized in table
(3-1)

Table (3-1): The apparatus and equipment that used with their

producing companies and countries

NO. | Apparatus and Equipment | Company origin
1 | Alcohol methyl Meheco China
2 | Centrifuge Eppendorf AG | Germany
3 | Cobas e411 Roche Germany
4 | Cobas integra 400 plus Roche Germany
5 | Cotton Kardelen Turkey
6 | Dual-program (D-10) Bio- Rad Italy
7 | Disposable syringe 10mL TROJECTOR-3 | Germany
8 | EDTA tube AFCO Jordan
9 | ELISA reader Bio-Tek Germany
10 | ELISA washer Bio-Tek Germany
11 | Gel tube Sun Jordan
12 | Incubator Heraeus Germany
13 | Plain tube AFMA Jordan
14 | Refrigerator Concord Lebanon
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3.1.2. Kits

The kits used in this study are summarized in table (3-2)

Table (3-2): The kits that used with their producing companies and

countries
No. |Kit Company origin
1 Follicle stimulating hormone(FSH) Mannheim | Germany
2 Glucose Mannheim Germany
3 Insulin Demeditec | Germany
4 Luteinizing hormone (LH) Mannheim Germany
5 Osteocalcin (OC) Shanghai China
6 Parathyroid hormone (PTH) Mannheim Germany
7 Prolactin (PRL) Mannheim Germany
8 Testosterone(TT) Mannheim Germany
9 Thyroid-stimulating hormone (TSH) Mannheim | Germany
10 | Thyroxine (T4) Mannheim Germany
11 | Total Calcium(Ca) Mannheim | Germany
12 Triiodothyronine (T3) Mannheim Germany
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3.2. Subjects of the Study

This study was carried out at the center for Endocrinology and diabetes
specialist in Misan province during the period from December of 2018 to
May of 2019.

The population of this study consists of 110 male with average aged (35-
49) years of whom 66 type 2 diabetic (uncontroling) and 44 healths
male.The 44 healthy male represent the control group. The researcher
excluded some of the patients because of the history of cardiopathy,
nephropathy, hypertension, smoking, bone disease and thyroid gland disease
(Appendix1)

3.3. Experimental Design

The study population included 110 male (66 diabetic and 44 healthy as
control group), ranging in age from 35 to 49 years. The study population
divided by age into three groups, the first (35-39) years , second (40-44)
years and third (45-49) years, also divided by the body mass index into
three groups, normal weight (18.5-24.9 kg/m?®), overweight (25-29.9 kg/m?),
obesity (BMI > 30 kg/m?) according (WHO,2019), figure (3-1):

BMI calculated by dividing the weight (kg) by height square (m2)
according to: BMI= weight (kg) /height? (m2).
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Figure (3-1): Experimental Design
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3.4. Blood Collection

Venous blood Sample (8-10 mL) was drowning from each fasting
patient and control at (8-10 AM). The blood sample was divided into
fractions; 2 mL was transferred into EDTA tube for HbAlc determination,
and other fraction of blood sample was left for 15 minutes to clot at room
temperature ,and then serum (2 - 2.5 mL) was separated by centrifugation at
3000 (rpm) for 15 (min), to measure glucose and total Calcium levels. Last
serum was transferred into labeled plain tube and stored at -20 C° until used
for evaluation of hormones (OC, Insulin, LH, FSH, TT, PRL, T3, T4, TSH
and PTH).

3.5. Methods
3.5.1. Biochemical Parameters

3.5.1.1. Determination of HbAlc

Principle of Procedure

The D-10 Dual program is based on chromatographic separation of the
analytes by ion —exchange high —performance liquid chromatographic
(HPLC). The sample is automatically diluted on the D-10 and injected into

the analytical cartridge.

The D-10 delivers a programmed buffer gradient of increasing ionic
strength to the cartridge, where the hemoglobin is separated based on their
ionic interaction with the cartridge material. The separated hemoglobin then
passes through the flow cell of the filter photometer, where change in the

absorbance at 415 nm is measured. A calibrator is analyzed with each run
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for adjustment of the calculation parameters for determination of HbAlc;

the value recorded is in percent according to (Chandrashekar, 2016).

Procedure

The HbALc kit put out of refrigerator for 10 min

The reagents are placed in their place on the side of the external device.
2 mL of blood was taken by medical syringe and place it in EDTA tube
and then, the sample mixed gently by inverting the tube.

The sample tubes allowed reaching the room temperature (25 ¢) before
performing assay.

The sample tube is loaded into the D-10 sample rack and put it in the
place known inside the device D-10

Patient QC ID was appearing on the screen after they have been acanned
by the barcode reader

The DONE button was press after you have entered each patient ID

The START button was press to begin the analysis

The steps for the device followed to start the callibration process

automatically.

3.5.1.2. Fasting Blood Glucose Measurement
Test Principle

Hexokinase (HK) catalyzes the phosphorylation of glucose by ATP to

form glucose-6-phosphate and ADP. To follow the reaction, a second

enzyme, glucose-6-phosphate dehydrogenase (G6PDH) is used to catalyze
oxidation of glucose-6-phosphate by NADP+ to form NADPH (Tietz,
2006).
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HK
D-glucose + ATP ———> D-glucose-6-phosphate + ADP

G6PDH
D-glucose-6-phosphate + NADP® ——> D-6-phosphogluconate + NADPH+ H*

The concentration of the NADPH formed is directly proportional to the
glucose concentration. It is determined by Cobas integra 400 plus systems

automatically.

Normal values FBG for male

4.11-6.05 mmol/L (74-109 mg/dL)

3.5.1.3. Determination of Calcium
Test Principle
Calcium ions react with 5-nitro-5’-methyl-BAPTA (NM-BAPTA) under

alkaline conditions to form a complex. This complex reacts in the second
step with EDTA. (Endres and Rude, 2006).

o Alkaline pH .
Calcium™ + NM-BAPTA —————> calcium-NM-BAPTA complex

Calcium-NM-BAPTA complex + EDTA ———= NM-BAPTA+ calcium EDTA complex

The change in absorbance is directly proportional to the calcium

concentration and is measured photometrically by Cobas integra.

Cobas integra 400 plus systems automatically calculate the analyte

concentration of each sample.
Normal values F.B.G for male

8.6 mg/dl -10.3 mg/dl.
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3.5.2. Determination of Hormones

3.5.2.1 Determination of Osteocalcin

Assay Principle

Serum osteocalcin determined by kit supply from (Shanghai Company,
China). This kit uses Enzyme-Linked Immunosorbent Assay (ELISA)

(Power and Fottrell, 1991).

Reagent Preparation

® All reagents should be brought to room temperature before use.

® Standard Reconstitute the 120 pl of the standard (160 ng/mL) with 120
ul of standard diluent to generate a 80 ng/mL standard stock solution.
Allow the standard to sit for 15 mins with gentle agitation prior to making
dilutions. Prepare duplicate standard points by serially diluting the
standard stock solution (80 ng/mL) 1:2 with standard diluent to produce
40 ng/mL, 20 ng/mL, 10 ng/mL and 5 ng/mL solutions. Standard diluent
serves as the zero standard (0 ng/mL). Dilution of standard solutions
suggested are as follows:

80ng/mL Standard No.5 120pl Original Standard + 120ul Standard Diluent
40ng/mL Standard No.4 120ul Standard No.5 + 120ul Standard Diluent
20ng/mL Standard No.3 120ul Standard No.4 + 120ul Standard Diluent
10ng/mL Standard No.2 120ul Standard No.3 + 120ul Standard Diluent
Sng/mL Standard No.1 120ul Standard No.2 + 120ul Standard Diluent
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120 ul 120 pl 120 ul 120 ul 120 pl
/\ /\ /\ /\ /\ Zero Standard
C ] c— 4
-
-
— \_/
Standard Standard Standard Standard Standard Standard
Concentration No.5 No.4 No.3 No.2 No.1
160ng/mL 80ng/mL 40ng/mL 20ng/mL 10ng/mL Sng/mL

e Wash Buffer Dilute 20mL of Wash Buffer Concentrate 30x into
deionized or distilled water to yield 500 mL of 1x Wash Buffer. If

crystals have formed in the concentrate, mix gently until the crystals have

completely dissolved.

Assay Procedure

1. Prepare all reagents, standard solutions and samples as instructed. Bring

all reagents to room temperature before use. The assay is performed at

room temperature.

2. Determine the number of strips required for the assay. Insert the strips in

the frames for use. The unused strips should be stored at 2-8°C.

3. Add 50ul standard to standard well

4. Add 40ul sample to sample wells and then add 10ul anti-OT/BGP

—
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antibody to sample wells, and then add 50ul streptavidin-HRP to sample
wells and standard wells (Not blank control well). Mix well. Cover the

plate with a sealer. Incubate 60 minutes at 37°C.

. Remove the sealer and wash the plate 5 times with wash buffer. Soak
wells with at least 0.35 mL wash buffer for 30 seconds to 1 minute for
each wash. For automend washing, aspirate all wells and wash 5 times
with wash buffer, overfilling wells with wash buffer. Blot the plate onto

paper towels or other absorbent material.

. Add 50pul substrate solution A to each well and then add 50ul substrate
solution B to each well. Incubate plate covered with a new sealer for 10
minutes at 37°C in the dark.

. Add 50ul Stop Solution to each well, the blue color will change into

yellow immediately.

. Determine the optical density (OD value) of each well immediately using
a microplate reader set to 450 nm within 10 minutes after adding the stop

solution (Appendix 2).
Normal values for male
0.5 ng/mL — 150 ng/mL

3.5.2.2. Determination of Insulin

Principle of Method
The Demeditec INS-EASIA is a solid phase Enzyme Amplified

Sensitivity Immunoassay performed on microtiterplates. The assay uses
monoclonal antibodies (MADbs) directed against distinct epitopes of insulin.

Callibrators and samples react with the capture monoclonal antibody
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(MADb1) coated on microtiter well and with a monoclonal antibody (MAD 2)
labelled with horseradish peroxidase (HRP). After an incubation period
allowing the formation of a sandwich: coated MAb 1 — human insulin —
MAb 2 — HRP, the microtiterplate is washed to remove unbound enzyme
labelled antibody. Bound enzyme-labelled antibody is measured through a
chromogenic reaction. Chromogenic solution (TMB ready for use) is added
and incubated. The reaction is stopped with the addition of Stop Solution
and the microtiterplate is then read at the appropriate wavelength. The
amount of substrate turnover is determined colourimetrically by measuring
the absorbance, which is proportional to the insulin concentration (Starr et
al., 1978).

Procedure

1. Select the required number of strips for the run.
2. Secure the strips into the holding frame.

3. Add 50 pl of each Callibrator, Control and Sample into the appropriate

wells.
4. Add 50 pl of anti-INS-HRP conjugate into all the wells.

5. Incubate for 30 minutes at room temperature on a horizontal shaker set at
700 rpm % 100 rpm.

6. Aspirate the liquid from each well.
7. Wash the plate 3 times by:
__dispensing 0.4 mL of Wash Solution into each well

__aspirating the content of each well
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8. Add 200 pl of the freshly prepared revelation solution into each well

within 15 minutes.
Following the washing step.

9. Incubate the microtiterplate for 15 minutes at room temperature on a

horizontal shaker set at 700rpm = 100 rpm, avoid direct sunlight.
10. Add 50 ul of Stop Reagent into each well.

11. Read the absorbances at 450 nm and 490 nm (reference filter 630 nm or

650 nm) within 1 hour and calculate the results (Appendix 3)

Normal values for male

2 pIU/mL to 25 plU/ mL

3.5.2.3. Determination of Reproductive, Thyroid and
Parathyroid Hormones

Assay Principle

The Elecsys assay combines conventional antigen—antibody reactions on
the surface of a streptavidin-coated paramagnetic microparticle with
electrochemical reaction on the surface of an electrode, which generates
luminescence (Figure, 3-2) (Wild, 2013).

e A biotin-labeled antibody and a ruthenium-labeled antibody are incubated
with the sample analyte. An antigen or nucleic acid probe may be
substituted for either antibody to accommodate other assay types.

e The immune complex is captured by the streptavidincoated
microparticles, which have a high biotin-binding capacity.
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e Inside the ECL measuring cell, the microparticles with their bound
iImmune complexes are uniformLy deposited on the electrode. Unbound
components are washed away.

e The sample analyte is quantitated by applying a voltage to the electrode
and measuring the ECL signal.

e Once the ECL reaction is completed, the magnetic microparticles are
released from the surface and washed away. The surface is thoroughly
cleaned, and the cell is ready for another measurement (Figure, 3-3)
(Wild, 2013).

> zefde

Sandwich assay for high- Bridge assay to determine
molecular-weight analytes IgG and IgM

Competitive assay for low- DNA/RNA assay
molecular-weight haptens

j Surface magnetic microparticle Q Analyte o DNA probe

- Streptavidin-biotin binding % Antibody :?\: ECL label

Figure (3-2) Elecsys assay formats
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s>
Ruthenium (l1)
e el
~ T I o < > 1
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Paramagnetic  Streptavidin Biotin Antigen
microparticle Antibody
Peptide
Nucleic acid
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Figure (3-3): Elecsys assay principle

Preparation of instrument

1- Load assay cups and assay tips in consumables

2- Regents of each parameter (LH,FSH,TT, PRL,T3,T4,TSH and PTH),
loading in reagent rock in the instrument (cobas e411)

3- Make callibration and control of each reagent

4-Load the sample of serum in to sample rack then the instrument

automatically began analysis as following:

3.5.2.3.1. Luteinizing Hormone (LH) Concentration

Principle Test:

Sandwich principle (the Elecsys LH assay employs two monoclonal

antibodies specifically directed against human LH (Tietz, 1995).

Procedure:

= Ist incubation: 20 pL of sample, a biotinylated monoclonal LH-specific

antibody, and a monoclonal LH-specific antibody labeled with a
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ruthenium complex a (Tris (2, 2’-bipyridyl) ruthenium (I1)-complex (Ru

(bpy) form sandwich complex.

= 2nd incubation: After addition of streptavidin-coated microparticles, the
complex becomes bound to the solid phase via interaction of biotin and

streptavidin.

= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M.
Application of a voltage to the electrode then induces chemiluminescent

emission which is measured by a photomultiplier.

Normal values for male

1.7 m.lu/mL -7 m.lu/mL

3.5.2.3.1. Follicle Stimulating Hormone (FSH) Concentration

Sandwich principle (the Elecsys FSH assay employs two different
monoclonal antibodies specifically directed against human FSH) (Wu,
2006).

Procedure:

= 1st incubation: 40 pL. of sample, a biotinylated monoclonal FSH-specific
antibody, and a monoclonal FSH-specific antibody labeled with a
ruthenium complex a (Tris (2, 2’-bipyridyl) ruthenium (11)-complex (Ru

(bpy) form a sandwich complex.
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= 2nd incubation: After addition of streptavidin-coated microparticles, the
complex becomes bound to the solid phase via interaction of biotin and

streptavidin.

= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M.
Application of a voltage to the electrode then induces chemiluminescent

emission which is measured by a photomultiplier.

Normal Values for Male

1.7 m.lu/mL -12 m.lu/mL
3.5.2.3.3. Testosterone (TT) Concentration

Competition principle (The elecsys testosterone Il assay is based on a
competitive test principle using a high affinity monoclonal antibody

specifically directed against testosterone) (Rosner et al., 2006).
Procedure:

= Ist incubation: 20 pL of sample is incubated with a biotinylated
monoclonal testosterone-specific antibody. The binding sites of the
labeled antibody become occupied by the sample analyte (depending on

its concentration).

= 2nd incubation: After addition of streptavidin-coated microparticles and a
testosterone derivate labeled with a ruthenium complex a (Tris (2,2'-
bipyridyruthenium(ll)-complex (Ru(bpy), the complex becomes bound

to the solid phase via interaction of biotin and streptavidin.
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= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M.
Application of a voltage to the electrode then induces chemiluminescent

emission which is measured by a photomultiplier.

Normal Values for Male

2.80 ng/mL- 8 ng/mL

3.5.2.3.4. Prolactin (PRL) Concentration

Sandwich principle (the Elecsys Prolactin 11 assay uses two monoclonal
antibodies specifically directed against human prolactin) (Fahie-Wilson et
al., 2000).

Procedure:

= ]st incubation: 10 pL. of sample and a biotinylated monoclonal prolactin

specific antibody form a first complex.

= 2nd incubation: After addition of a monoclonal prolactin-specific antibody
labeled with a ruthenium complex a (Tris (2, 2’-bipyridyl) ruthenium (11)-
complex (Ru (bpy) and streptavidin-coated microparticles, a sandwich
complex is formed and becomes bound to the solid phase via interaction

of biotin and streptavidin

= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.

Unbound substances are then removed with ProCell/ProCell M.
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Application of a voltage to the electrode then induces chemiluminescent

emission which is measured by a photomultiplier.

Normal Values for Male

4.6 ng/mL- 21 ng/mL

3.5.2.3.5. Tri-iodothyronine (T3) Concentration

Competition principle (the Elecsys T3 assay employs a competitive test
principle with polyclonal antibodies specifically directed against T3) (Wild,
1994).

Procedure:

* 1st incubation: 30 pl of sample and the specific antibodies anti-T3, labeled
with a ruthenium complex; bound T3 is released of the binding proteins in
the sample by ANS.

* 2nd incubation: After the incorporation of the coated microparticles of
streptavidin and of biotinylated T3, the attachment sites still free of the
labeled antibody are occupied, with the formation of an antibody-hapten
complex. The complex formed binds to the by the interaction of biotin and
streptavidin.

* The reaction mixture is aspirated into the reading cell, where the
microparticles are magnetically attached to the surface of the electrode.
Unconnected elements are then removed with ProCell. The application of an
electric current to the electrode induces a chemiluminescent which is

measured by a photomultiplier.

Normal Values for Male
1.3 nmol/L-3.1 nmol/L

44

—
| —



Chapter Three Material and Methods

3.5.2.3.6. Thyroxine (T4) Concentration

Competition principle (the Elecsys T4 assay employs a competitive test

principle with an antibody specifically directed against T4) (Wu, 2006).

Procedure:

=]st incubation: 15 pL of sample and a T4-specific antibody labeled with a
ruthenium complex; bound T4 is released from binding proteins in the

sample by ANS (8-anilino-1-naphthalene sulfonic acid).

= 2nd incubation: After addition of streptavidin-coated microparticles and
biotinylated T4, the still-free binding sites of the labeled antibody become
occupied, with formation of an antibody-hapten complex. The entire
complex becomes bound to the solid phase via interaction of biotin and

streptavidin.

= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M.
Applicaltion of a voltage to the electrode then induces chemiluminescent

emission which is measured by a photomultiplier.

Normal Values for Male
66 nmol/L-181 nmol/L

3.5.2.3.7. Thyroid Stimulating Hormone (TSH) Concentration
Test principle

Sandwich principle (The Elecsys TSH assay employs monoclonal

antibodies specifically directed against human TSH) (Wu, 2006).
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Procedure:

= 1st incubation: 50 puL of sample, a biotinylated monoclonal TSH-specific
antibody and a monoclonal TSH-specific antibody labeled with a

ruthenium complex react to form a sandwich complex.

= 2nd incubation: After addition of streptavidin-coated microparticles, the
complex becomes bound to the solid phase via interaction of biotin and

streptavidin.

= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M.
Application of a voltage to the electrode then induces chemiluminescent
emission which is measured by a photomultiplier.

Normal Values for Male
0.270-4.20 uIU/mL

3.5.2.3.8. Parathyroid Hormone (PTH) Concentration

Elecsys assay for determining intact PTH employs a sandwich test
principle in which a biotinylated monoclonal antibody reacts with the
N-terminal fragment (1-37) and a monoclonal antibody labeled with a
ruthenium complex(a) reacts with the C-terminal fragment (38-84) (Ohe et
al., 2003).

Procedure:
= 1st incubation: 50 puL of sample, a biotinylated monoclonal PTH-specific

antibody, and monoclonal PTH-specific antibody labeled with a
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ruthenium complex a (Tris (2, 2’-bipyridyl) ruthenium (I1)-complex (Ru

(bpy) sandwich complex.

= 2nd incubation: After addition of streptavidin-coated microparticles, the
complex becomes bound to the solid phase via interaction of biotin and

streptavidin.

= The reaction mixture is aspirated into the measuring cell where the
microparticles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M.
Application of a voltage to the electrode then induces chemiluminescent

emission which is measured by a photomultiplier.

Normal Values for Male

15-65 pg/mL (1.6-6.9 pmol/L) (Thomas, 1998).

3.6. Statistical Analysis

Data were analyzed by T.test and one way ANOVA by general liner
model procedure using SPSS version 23 statistic program .the comparisons
between means were made using least significant differences (LSD) using
Genstat3statistic program .The difference were considered to be significant
at P<0.05 using multivariate model in SPSS. The data are presented as mean
+ S.E (standard error). The correlation coefficient Pearson was calculated to

examine association among parameters (SPSS, 2015).
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4. Results

4.1. Comparison of biochemical and hormonal parameters
between diabetic mellitus patients and control groups

The values FBG and HbAlc increase significantly (P<0.05) in patients
groups (207.57+8.66 mg/dl) and (9.39+0.28%) respectively in comparison with
control groups (93.90+1.58 mg/dl) and (5.27£0.04%) respectively, (Table, 4-1).

The wvalues of total Calcium don’t different significantly (P<0.05) in
comparison between patients (9.51+0.12 mg/dl) group and control (9.31+£0.11
mg/dl), (Table, 4-1).

The OC and insulin values increase significantly (P<0.05) in patients
groups (1.53£0.15 ng/mL) and (20.07+1.96 ulU/mL) respectively, compare
with control groups (0.85+£0.11 ng/mL) and (13.88+0.80 ulU/mL) respectively,
(Table, 4-1).

The values of LH, FSH and TT don’t different significantly (P<0.05) in
comparison between patients groups (5.86x0.26), (5.36+£0.37) and (3.49%0.17
ng/mL) respectively and control groups (5.58+0.34), (4.56+0.29) and
(3.2920.14 ng/mL) respectively, while the PRL values decrease significantly
(P<0.05) in patients (9.54+£0.53 ng/mL) group compare with control
(11.38%+0.74 ng/mL) group, (Table, 4-1).

The values of T3, T4 and TSH don’t different significantly (P<0.05) in
comparison between patients groups (1.77+0.04 nmol/L), (98.40+2.27 nmol/L)
and (1.65x0.09 ulU/mL) respectively and control groups (1.88+0.04 nmol/L),
(98.03+£2.67 nmol/L) and (1.75+0.1 uIU/mL 4) respectively, (Table, 4-1).
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The values of PTH don’t different significantly (P<0.05) in comparison
between patients (5.18+0.26 pg/mL) group and control (4.98+0.21 pg/mL)
group, (Table, 4-1).

Table (4-1): biochemical and hormonal parameters between T2DM
patients and control groups (mean + S.E)

Parameters control patients P-value
n=44 n=66
FBG (mg/dl) 93.90+1.58 207.57+8.66 ~ | 0.00
HbA1lc (%) 5.27+0.04% 9.39+0.28" 0.00
Total Calcium (mg/dl) 9.31+0.11 9.51+0.12 0.25
OC (ng/mL) 0.850.11 1.53+0.15 0.00
IN( pIU/mL) 13.88+0.80 20.07+1.96" 0.00
LH (m.lu/mL) 5.58+0.34 5.86%0.26 0.51
Reproductive FSH 456£029 | 5.36+0.37 0.09
(m.lu/mL)
TT (ng/mL) 3.29+0.14 3.49+0.17 0.39
PRL (ng/mL) 11.38+0.74 | 9 54+053 0.04
Thyroid T3 (nmol/L) 1.88+0.04 | 1.77+0.04 0.07
hornones
T4 (nmol/L) 98.03+2.67 98.40%2.27 0.91
TSH (nIU/mL) 1.75+0.14 1.65%0.09 0.59
PTH (pg/mL) 4.98+0.21 5.18+0.26 0.56

*significant between control and patients at the p<0.05)
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4.2. Biochemical Analysis (According to Age)

4.2.1. Fasting Blood Glucose and Glycosylated hemoglobin Alc
The value of FBG in patients in first (210.61£14.96 mg/dl), second

(207.09+15.44 mg/dl) and third (205.03+£15.29 mg/dl) age groups increased
significantly (P<0.05) comparison with the first (94.67+£2.37 mg/dl), second
(93.05+2.42 mg/dl) and third (93.90£3.31 mg/dl) control groups respectively
(Table, 4-2).

The results showed no significant (P<0.05) differences in FBG value

among patients of T2DM in first, second and third age groups (Table, 4-2).

The value HbAlc of patients in first (9.27+0.47%), second (9.55+0.45%)
and third (9.45+£0.54%) groups increased significantly (P <0.05) comparison
with the control in first (5.09+0.08%), second (5.35+0.05%) and third
(5.39+£0.04%) groups respectively (Table, 4-2).The results showed no
significant differences in HbAlc value among patients of T2DM in first,
second and third groups (Table, 4-2).

Table (4-2): The values of FBG and HbAlc in control and patients with
T2DM (According to Age) (mean £ S.E)

Groups Parameters | Control Patients P-value
First group FBG (mg/dl) (n=16) (=22 10.00

HbAlc % |5.09+0.08 |9.27+0.47 ° 0.00
Second group | FBG (mg/dlI) (n=14) (=22) ___ 10.00
(40-44)years 93.05+2.42 207.09+15.44

HbA1c% 5.35+0.05 | 9.55+0.45 ° 0.00
Third group FBG (mg/dl) (n=14) (=22)
(45-49)years 93.90+3.31 205.03+15.29 0.00

HbA1c% 5.39+0.04 | 9.45+0.54° 0.00

*significant between control and patients at the (p<0.05)

Similar letters refer to non- significant differences among patients groups
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4.2.2. Total Calcium (Ca)

The value of total Calcium in patients of second group (9.81+0.27 mg/dl)
increases significantly (P <0.05) comparison with the second control group
(8.99+£0.12 mg/dl); there are no significant differences in Calcium value
patients of first (9.36£0.16 mg/dl) and third (9.33+£0.18 mg/dl) as compared
with control of first (9.34+£0.22 mg/dl) and third (9.59+£0.18 mg/dl) groups
respectively (Table, 4-3).

The results showed no significant differences in total Calcium value among
patients of T2DM in first, second and third groups (Table, 4-3)

Table (4-3): Total Ca valuesin control and patients with T2DM (According
to Age) (meant S.E.)

Groups Parameter Control Patients P-value
(n=16) (n=22)
(\l’:’:gs?:t9g);ggfs Ca (mg/di) 0.340.22 036:016° | %
(n=14) (n=22)
8(3%022)32220 Ca (mg/dI) 8.99:0.12 981402772 | 001
. (n=14) (n=22)
@'%'L%f’y?a‘i‘;’ Ca (mg/dl) 9.59+0.18 0.33:0.182 | 032

*Significant between control and patients at the (p<0.05)

Similar letters refer to non- significant differences among patients groups

51

—
| —




Chapter Four Results

4.3. Hormonal Parameters (According to Age)
4.3.1. Osteocalcin Level

The OC level in patients of second (2.01+£0.31ng/mL) and third (1.83+0.31
ng/mL) groups increase significantly (P<0.05) in comparison with the control
of second (0.97£0.22 ng/mL) and third (0.55+0.18 ng/mL) groups. There are no
significant differences in OC level between patients (1.03+0.21ng/mL) and
control (1.08x£0.15ng/mL) of first group. The results showed that the OC level
among patients with T2DM increased significantly (P<0.05) in second group in
comparison with first group, while there are no significant difference between

second and third groups (Table, 4-4).

The results showed no significant difference between third and first groups of
T2DM (Table, 4-4).

4.3.2. Insulin Level

The level of insulin in patients of T2DM in first (22.45+4.40 plU/mL)
group increases significantly (P <0.05) in comparison with the control of first
(10.90+1.03 pIU/mL) group. There are no significant difference of insulin
levels in patients of second (18.98+2.74 ulU/mL) and third (19.23£2.90
ulU/mL) comparison to the control of second (15.38+1.79 nlU/mL) groups and
third (15.79+3.40 ulU/mL) group.

The results showed no significant difference in insulin level among patients
of T2DM in first, second and third groups (Table, 4-4).
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Table (4-4): The values of OC and insulin in control and patients with
T2DM (According to Age) (mean £ S.E)

Groups Parameters Control Patients P-value
. (n=16) (n=22) 0.84
(gérié?”éifs OC ng/mL 1.08+0.15 1.03+0.21°
y IN (lU/mL 10.90+1.03 2245+440°° | 0.01
Second (n=14) (n=22)
group | OCng/mb 0.9720.22 201031 | 001
(40-44) years | |\ u/mL 15.38+1.79 18.98+2.74* | 0.28
. (n=14) (n=22)
Third grou -
(45_49)gyeafs OC ng/mL 0.55+0.18 1.83:031% | 001
IN WIU/mL 15.79+3.40 10.23+2.90° | 0.26
LSD (OC = 0.98)

*significant at the p<0.05) between control and patients
Different letters refer to significant differences among patients groups

Similar letters refer to non- significant differences among patients groups

4.3.3. Reproductive Hormones

Table (4-5) shows that there are no significant differences (p<0.05) in the
level of LH in patients of the first group (5.00£0.31 m.lu/mL) and second group
(6.132052 m.lu/mL) when compared to the control in first (5.22+0.55 m.lu/mL)
and second group (6.65+0.68) respectively. While the level of LH in patients of
third group (6.62+2.34 m.lu/mL) increase significantly (p<0.05) when
compared with the control of third group (4.90+£0.41 m.lu/mL) (Table, 4-5).

The results of current study indicate increased the LH level among patients
of T2DM significantly (p<0.05) in third group compared with the patients of
first group. There are no significant differences (p<0.05) between third and
second groups, also there are no significant different between second and first
groups (Table, 4-5).
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There are no significant differences (p<0.05) in the values of FSH in
patients of first (4.33£0.53 m.lu/mL), second (6.20£0.76 m.lu/mL) and third
(5.95£0.58 m.lu/mL) groups as comparison with the control in the first
(4.24£0.31 m.lu/mL), second (4.63+0.52 m.lu/mL) and third (4.85%0.67
m.lu/mL) groups respectively (Table, 4-5).

The results showed no significant differences (p<0.05) in FSH values among

patients of T2DM in all patients age groups (Table, 4-5).

The same table (4-5) showed the values of TT showed no significantly
differences (P <0.05) in the patients of first (2.86£1.45 ng/mL), second
(3.64£0.20 ng/mL) and third (3.89+0.29 ng/mL) groups when compared with
control of first (3.05+£0.26 ng/mL), second (3.39£0.19 ng/mL) and third
(3.47%£0.26 ng/mL) groups respectively.

The results showed the value of TT among patients of T2DM which increased

significantly (P <0.05) in third group as comparison with the first group.

There are no significant differences (p<0.05) between third and second
group, also there are no significant differences (p<0.05) between first and

second groups (Table, 4-5).

The value of PRL in patients of first group (9.40+0.93 ng/mL) decrease
significantly (P>0.05) in comparison with first control group (13.01+1.36
ng/mL).There are no significant differences (p<0.05) in patients of second
group (9.94+0.80 ng/mL) and third group (8.56+0.88 ng/mL) as compared with
control of second (11.08+1.49 ng/mL) and third (9.82+0.76 ng/mL) groups,
(Table, 4-5).

The same table showed no significant differences (p<0.05) in PRL value
among all patients groups.
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Table (4-5): The values of reproductive hormones in control and patients
with T2DM (According to Age) (mean + S.E)

Groups Parameters Control Patients P-value
(n=16) (n=22)
LH (m.lu/mL) | 5924055 |5.00+031° | 071
First group FSH a
(35-39)years (m.lu/mL) 4.24+0.31 | 4.33+0.53 0.89
TT (ng/mL) |3.05+0.26 |2.86+1.45° 0.64
PRL (ng/mL) | 13.01+1.36 |9.40+0.93 "2 0.03
(n=14) (n=22)
LH (m.lu/mL) 16 651068 | 6.13:052%° | 054
FSH a
Second group | (m.lu/mL) 4.63+0.52 | 6.20+0.76 0.09
(40-44)years
TT (ng/mL) 3.39+0.19 | 3.64+0.20% 0.38
PRL (ng/mL) | 11.08+1.49 | 9.94+0.80° 0.50
(n=14) (n=22)
LH (m.Iu/mL) | 4 901041 | 6.62+2.34 | 0.01
Third group ESH
(45-49)years (m.lu/mL) 4.85+0.67 | 5.95+0.58 * 0.23
TT (ng/mL) |3.47+0.26 | 3.89+0.29° 0.30
PRL(ng/mL) |9.82+0.76 | 8.56+0.88° 0.32
LSD (LH =1.62) , (TT =1.03)

*significant between control and patients at the (p<0.05)

Different letters refer to significant differences among patients groups

Similar letters refer to non- significant differences among patients groups

—

55

—t



Chapter Four Results

4.3.4. Thyroid Hormones

As shown from table (4-6) there are no significant differences of T3 values in
patients in first group (1.76x0.07 nmol/L), second group (1.78+0.08 nmol/L)
and third group (1.79+£0.06 nmol/L) when we compared to the control in first
(1.86+0.07 nmol/L), second (1.85+£0.03 nmol/L) and third (1.94+0.09 nmol/L)

groups respectively.

The same table showed no significant (P <0.05) difference in T3 value among

patients of T2DM in first, second and third groups

Table (4-6) shown there are no significant differences of T4 values in all
patients of first (99.91+4.00 nmol/L), second (96.90£3.60 nmol/L) and third
(94.53£3.60 nmol/L) groups when compared with the control of first
(95.64+4.80 nmol/L), second (96.87+2.19 nmol/L) and third (101.94%5.78

nmol/L) groups respectively.

The results showed no significant difference in T4 value among patients of
T2DM in first, second and third groups (Table, 4-6).

Table (4-6) showed the value of TSH no significant different (P <0.05) in
patients of the first (1.53+0.13 uIU/mL), second (1.46+0.13 uIU/mL) and third
(1.87£0.15 pIU/mL) groups when compared to control of first (2.13+0.30
ulU/mL), second (1.24+0.18 nlU/mL) and third (1.83+£0.18 ulU/mL) groups.

The results showed the value of TSH in patients of T2DM which increase
significantly (P <0.05) in third group comparison with second group. There are
no significant difference (P <0.05) between patients of first and third groups,
also no significant difference (P<0.05) between patients of first group in
comparison with the second group (Table, 4-6).
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Results

Table (4-6): The values of thyroid hormones in control and patients with

T2DM (According to Age) (mean £ S.E)

Groups Parameters Control Patients P-value
(n=16) (n=22)
group First | 1o MoVl 11 86+0.07 176007% | 036
(35-39)years
T4 nmol/L 95.64+4.80 99.91+4.00* | 0.5
TSH pIU/mL | 2.13+0.30 1.53+0.13 ® 0.08
(n=14) (n=22)
T3 nmol/L 1.85+0.03 1.78+0.08 2 0.45
Second group
(40-44)years | T4 nmol/L 96.87+2.19 96.90+3.60% | 0.99
TSH pIU/mL | 1.24+0.18 1.46+0.13° 0.33
(n=14) (n=22)
T3 nmol/L 1.94+0.09 1.79+0.06 * 0.16
Third group a
(45-49)years | T4 nmol/L 101.94+5.78 94.53+3.60 0.28
TSH pIU/mL | 1.83+0.18 1.87+0.152 0.85
LSD (TSH= 0.41)

Different letters refer to significant differences among patients groups
Similar letters refer to non- significant differences among patients groups

4.3.5. Parathyroid Hormone Level

As show in table (4-7), the PTH value decrease significantly (p>0.05) in
patients of first (4.65+0.26 pg/mL) group when compare it with first control
(5.62+0.32 pg/mL) group. There are no significant differences (p<0.05) in the
PTH level in patient of second (5.07+0.42 pg/mL) and third (5.76+0.60 pg/mL)
groups when compare with control of second (4.36+0.27 pg/mL) and third

(4.87+0.42 pg/mL) groups respectively.

The results showed no significant differences among patients of T2DM in
first, second and third age groups, (Table 4-7).
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Table (4-7): The value of PTH in control and patients with T2DM
(According to Age) (meanzx S.E.)

Groups Parameter | Control Patients P-value
First group (0=18) (0=22)

(35-39)years PTHpg/mL | 5 674032 4.65+026™ | 002

S d (n=16) (n=22)

econd group

(40-44)years PTHPO/ML | 4 36+0.27 5.07+0.42° | 017
Third group (n=16) (n=22)

(45-49)years PTHpg/mL 1 4 8740.42 5.76+060° | 023

*significant between control and patients at the (p<0.05)

Similar letters refer to non- significant differences among patients groups

4.4. Biochemical Analysis (According to Body Mass Index)

4.4.1. Fasting Blood Glucose (FBG) Level and Glycosylated
hemoglobin Alc (HbAlc)

The FBG value increase significantly (P<0.05) in the patients of normal
weight (205.40+£26.34 mg/dl), overweight (219.63+£11.34mg/dl) and obesity
(186.95+14.82 mg/dl) groups as comparison with the control groups in normal
weight (103.48+£3.31mg/dl), overweight (87.71+2.26 mg/dl), obesity
(87.71+£2.26 mg/dl) groups respectively, (Table, 4-8).

The results showed no significant difference (P<0.05) in FBG values among
patients of T2DM in different BMI groups (Table, 4-8).

The HbAlc level of patients in normal weight (9.05+0.71%), overweight
(9.78+0.39%) and obesity (186.95+14.82%) groups increased significantly
(P<0.05) as comparison with the control groups of normal weight
(5.32+0.03%), overweight (5.33+£0.05%) and obesity (5.2020+0.08%) groups
respectively (Table, 4-8).
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The results showed no significant difference in HbAlc value among
patients of T2DM in different BMI groups (Table, 4-8).

Table (4-8): The values of FBG and HbALc in control and patients T2DM
(According to BMI) (meanzS.E)

Groups Parameters Control Patients P-value

(n=8) (n=10)

(18.5-24.9) TS AR

HbA1c % 5.32+0.03 9.05+0.71"* 0.01
(n=16) (n=36)
Overweight | FBG(MI/) | g7714026 | 219.63+11.34" | 000
(25-29.9) h
HbA1c % 533005 | 9.78+0.39"° 0.00
(n=20) (n=20)
FBG(mg/d < |0.00
Obesity (mg/dl) | 95.0242.00 | 186.95+14.82"°
(BMI1>30) x
HbA1c % 5.202040.08 | 8.8710£0.47® | 0.00

*significant between control and patients at the (p<0.05)

Similar letters refer to non- significant differences among patients groups

4.4.2. Total Calcium (Ca)

Calcium level in the patients of overweight (9.67+0.19mg/dl) group
increase significantly (P<0.05) in comparison with the overweight control
(9.07£0.15mg/dl) group, there are no significant differences in patients of
normal weight (9.50£0.15) and obesity (9.21+£0.18mg/dl) when compare them
with the control of normal weight (9.85+£0.34mg/dl) and obesity
(9.29+£0.15mg/dlI) respectively (Table, 4-9).

The results showed there are no significant differences in Calcium level among
patients of T2DM in different BMI groups (Table, 4-9)
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Table (4-9): The value of Calcium in control and patients with T2DM
(According to BMI) (meant S.E.)

Groups Parameter Control Patients P-value
(n=8) (n=10)
Normal weight
(18.5-24.9) Ca (mg/dI) 9.85+0.34 | 9.50+0.15° 0.38
. (n=16) (n=36)
Overweight .
(25-29.9) Ca (mg/di) 9.07¢0.15 | 9.67+0.19" 0.02
(n=20) (n=20)
Obesity Ca (mg/dl) 0.746
(BMI1>30) 9.29+0.15 9.21+0.18° '

*significant between control and patients at the (p<0.05)

Similar letters refer to non- significant differences among patients groups

4.5. Hormonal Parameters (according to body mass)

4.5.1. Osteocalcin Level

The OC value increased significantly (P <0.05) in patients of overweight
(1.77£0.24 ng/mL) and obesity (1.32+0.22 ng/mL) groups compared to the
control of overweight (1.00+£0.23 ng/mL) and obesity (0.71+0.15 ng/mL)
groups. While no significant (P <0.05) differences in OC value in patients of
normal weight (1.07£0.25 ng/mL) group compared to the control of normal
weight groups (0.89+0.19ng/mL), (Table, 4-10).

The results showed no significant difference in OC value among patients of
T2DM in different BMI groups (Table, 4-10).

4.5.2. Insulin

As shown in table (4-10) the value of insulin in patients of normal weight
(14.24+1.99 plU/mL) and obesity (27.35£5.06puIU/mL) groups increase
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significantly (P <0.05) when compare them with the control of normal weight
(8.14+0.29 ulU/mL) and obesity (13.10£0.79ulU/mL) groups respectively.
While no significant difference (P <0.05) in insulin value in patients of
overweight (17.64+1.97 pIU/mL) groups compared to the control of
overweight (17.73£1.39 ulU/mL) group.The results showed the value of insulin
in patients of obesity which increase significantly (P <0.05) in comparison with
the normal weight and overweight groups, While no significant difference
between patients of normal weight and overweight groups, (Table, 4-10).

Table (4-10): The values of OC and insulin in control and patients with
T2DM (according to BMI) (meanzx S.E.)

Groups Parameters | Control Patients P-value
(n=8) (n=10)
Normal weight | OC(ng/mL) | 5891019 | 1.0720.25% | 057
(18.5-24.9) 5
IN uIU/mL | 8.14+0.29 14.24+1.99 0.01
(n=16) (n=36)
Overweight OC ng/mL 1.00£0.23 | 1.77:0.24"¢ | 0.02
(25-29.9) b
IN WIU/mL | 17.73+1.39 | 17.64+1.97 0.96
(n=20) (n=20)
Obesity OCng/mL 1711015 |1.324022°2 |0.03
(BMI1>30) N
IN uIU/mL | 13.10+0.79 | 27.3545.06 ° | 0.01
LSD (IN=9.71)

*significant between control and patients at the (p<0.05)

Different letters refer to significant differences among patients groups
Similar letters refer to non- significant differences among patients groups

4.5.3. Reproductive Hormones

The LH value of patients in overweight (5.90£0.40 m.lu/mL) group
increased significantly (P <0.05) in comparison with the control of overweight
group (4.63£1.04 m.lu/mL). There are no significant differences (p<0.05) in the
value of LH in patients of normal weight (6.51+£0.49 m.lu/mL) and obesity
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(5.4820.44m.lu/mL) groups compared with control of the normal weight
(7.62£1.19 m.lu/mL) and obesity (5.51+0.45 m.lu/mL) groups.The results
showed no significant differences (P <0.05) in LH value among patients of
T2DM in different BMI groups (Table, 4-11).

As show in table (4-11), there are no significant differences (p<0.05) in the
value of FSH in patients of normal weight (6.13+1.43 m.lu/mL), overweight
(5.4620.45 m.lu/mL) and obesity (4.81+0.63m.lu/mL) as compared to control
of normal weight (4.09+£0.76 m.lu/mL), overweight (4.40+£0.43 m.lu/mL) and
obesity (4.88+0.45 m.lu/mL) groups respectively (Table, 4-11).The results
showed no significant differences (P <0.05) in FSH value among patients of
T2DM in different BMI groups (Table, 4-11).

The results show TT value of patients no different significantly (P <0.05) in
normal weight (3.64+0.27 ng/mL), overweight (3.59+£0.26 ng/mL), and obesity
(3.23£0.33ng/mL) when compared with control of normal weight (3.39+£0.14
ng/mL), overweight (3.16£0.20 ng/mL), and obesity (3.36x0.26ng/mL) groups
respectively. There no significant differences (P <0.05) in TT value among

patients of T2DM in different BMI groups.

As shown in table (4-11), the value of PRL in patients of normal weight
patients (7.35+£1.08 ng/mL) decrease significantly (P<0.05) in comparison with
the control of normal weight (15.50+2.39 ng/mL) group. There are no
significant differences (p<0.05) in patients of overweight (9.33+£0.58 ng/mL)
and obesity (11.03+1.26% ng/mL) when compared with control of overweight
(9.42+0.72) and obesity (11.30£1.02 ng/mL) groups respectively.

The results showed PRL value in patients of obesity increase significantly

(P <0.05) in compared with patients of normal weight. While no significant
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differences (p<0.05) between patients of normal weight and overweight, also
no significant differences (p<0.05) in comparison between patients of
overweight and obesity groups (Table, 4-11).

Table (4-11): The values of reproductive hormones in control and patients
with T2DM (according to BMI) (meanzx S.E)

Groups Parameters Control Patients P-value
(n=8) (n=10)
LHm.umL | 7 6011 19 6.5120.49 0.41
Normal weight | FSH m Ju/mL | 4.09+0.76 6.13+1.43 0.42
(18.5-24.9)
TT ng/mL 3.39+0.14 3.64+0.27 0.42
PRL ng/mL 15.50+2.39 7.35+1.08™ 0.01
(n=16) (n=36)
LHmlumL | 4 634104 5.90+0.40" 0.01
Overweight FSH m.lu/mL | 4.40+0.43 5.46+0.45 0.10
(25-29.9)
TT ng/mL 3.16+0.20 3.59+0.26 0.19
PRL ng/mL 9.42+0.72 9.33+0.58%® 0.91
(n=20) (n=20)
LHmIu/mL o 1045 5.48+0.44 0.952
Obesity FSH m.lu/mL | 4.88+0.45 4.81+0.63 0.92
(BMI1>30)
TT ng/mL 3.3610.26 3.23+0.33 0.757
PRL ng/mL 11.30+1.02 11.03+1.26° 0.873
LSD (PRL= 4.33)

*significant between control and patients at the (p<0.05)

Different letters refer to significant differences among patients groups

Similar letters refer to non- significant differences among patients groups
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4.5.4. Thyroid Hormones

As shown table (4-12) There are no significant differences (P <0.05) of T3
values in patients of normal weight (1.91+0.11 nmol/L) overweight (1.77+0.06
nmol/L) and obesity (1.71£.07nmol/L) when compared with control of normal
weight (1.95+£0.05 nmol/L), overweight (1.82+0.03 nmol/L) and obesity
(1.91£0.08nmol/L) groups respectively.

The results showed there are no significant differences (P <0.05) in T3

value among patients of T2DM in different BMI groups (Table, 4-12).

Same table shown there are no significant differences (P <0.05) of T4
values in patients of normal weight (101.53+5.59 nmol/L), overweight
(96.55+2.90 nmol/L) and obesity (100.18+4.74nmol/L) when compared it with
control of normal weight(91.48+2.99), overweight (96.26+5.46 nmol/L) and
obesity (102.07+3.66 nmol/L) groups respectively.

There are no significant differences in T4 value among patients of T2DM in
different BMI groups, Table (4-12)

As shown in table (4-12), TSH value no different significantly (P <0.05)
in patients of normal weight (2.16+0.42), overweight (1.64+0.09 ulU/mL) and
obesity (1.4378+£0.10 ulU/mL) when compared with control of the normal
weight (1.93+0.46 ulU/mL), overweight (1.98+0.24 plU/mL) and obesity
(1.5000£0.18uIU/mL) groups respectively.

The value of TSH among patients of T2DM which increased significantly
(P<0.05) in normal weight group comparison to obesity group, While didn’t
significant difference between patients of normal weight and overweight
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groups, also no significant different between patients of overweight and obesity

(Table, 4-12).

Table (4-12): The values of thyroid hormones in control and patients with

T2DM(according to BMI) (meanzx S.E)

Results

Groups Parameters Control Patients P-value
(n=8) (n=10)
Normal weight | T3 nmol/L 1.95+0.05 191+011° | 0.78
(18.5-24.9) T4 nmol/L 91.48+2.99 101.53+5.59% | 0.13
TSH WlU/mL | 1.930.46 2.16+0.42° 0.71
(n=16) (n=36)
| T3 nmol/L 1.82+0.03 1.77:0.06% | 049
O(‘;%”’Z"S'g)ht T4 nmol/L 96.26+5.46 96.55+2.90° | 0.96
' TSH ulU/mL | 1.98+0.24 1.64+0.09% | 0.21
(n=20) (n=20)
. T3 nmol/L 1.91+0.08 1.71+.07° 0.08
Obesity
(BM1>30) T4 nmol/L 102.07+3.66 100.18+4.74% | 0.75
TSH uIU/mL | 1.5000+0.18 1.43780.10° | 0.77
LSD (TSH=0.52)

Different letters refer to significant differences among patients groups
Similar letters refer to non- significant differences among patients groups

4.5.5. Parathyroid Hormone

The results showed PTH value of patients in normal weight (4.09+0.27
pg/mL) decrease significantly (p<0.05) in comparison with control (6.19+0.25
pg/mL), while no significant differences (p<0.05) in the PTH level in patients
of overweight (4.97+0.28 pg/mL) and obesity (6.10+0.67 pg/mL) comparison to
control of overweight (4.7520.40 pg/mL) and obesity (4.68+0.26pg/mL) (Table,
4-13).

As shown in table (4-13) the value of PTH among patients of T2DM which
increase significantly in obesity compared to the normal weight group,while

no significant differences (p<0.05) in the PTH values between patients of
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overweight and obesity groups, also no significant differences (p<0.05) in the

PTH values between patients of normal weight and overweight.

Table (4-13): The value PTH in control and patients with T2DM
(according to BMI) (meant S.E)

Groups Parameter Control Patients P-value
i (n=8) (n=10)
No(grgglgzeg)]ht PTHpo/ML 16194025 | 4.0020.27 | 000
Overweight (n=16) (n=36)
(25-209)  |PTHPOML 14750040 | 497+028% | 066
i (n=20) (n=20)
Obesity
BMmI>30) |PTHPIML | 464006 | 6.10x067° | 008
LSD (PTH=2.01)

*significant between control and patients at the (p<0.05)

Different letters refer to significant differences among patients groups
Similar letters refer to non- significant differences among patients groups

4.6. Correlations Between Level of Osteocacin and Others
Parameters Studies in Patients with T2DM:

Correlate bivariate analysis was applied to evaluate the relationship between
the levels of OC, insulin and other hormones of patients with T2DM. The
results indicate the OC, have a positive correlation with insulin (0.029), total
Calcium (0.221), FBG (0.045) and HbAlc (0.005), while it has negative
correlation with each of TT (-0.196), LH (-0.171), FSH (-0.128), PRL (-0.137).
In addition the OC has inverse correlation with T3, T4, TSH and PTH (-0.112, -
0.146, 0.22 and -0.530) respectively (Table, 4-14).

The results indicate that insulin have negative correlation with TT (-0.117)
and PRL (-0.190). In addition inverse correlation with T3, T4 and TSH (-0.165,
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-0.112 and -0.144) respectively. As well as insulin have also negative
correlation with Total Calcium (-0.217) and HbAlc (-0.151). As showed in
Table (4-14) insulin has positive correlation with each of LH, FSH, PTH and
FBG (0.026), (0.053) and (0.070) respectively.

Table (4-14) showed that TT have a significant (P<0.01) positive
correlation with LH (0.368) and significant (P<0.05) positive correlation with
PRL (0.260), also have positive correlation with FSH (0.113), T3 (0.189), TSH
(0.187), while it has negative correlation with T4, PTH, total Calcium, FBG
and HbA1c (-0.021, -.0.024, -0.064, -0.216 and -0.033) respectively.

As shown in Table (4-14) LH have significant (P<0.01) positive correlation
with FSH (0.488), also its have positive correlation with PRL (0.027), T3
(0.093), TSH (0.025) and PTH (0.224). As well as the LH have inverse
correlation with T4 (-0.005), Calcium (-0.017), FBG (-0.141) and HbAlc (-
0.140).

The FSH have positive correlation with each of PRL (0.084), T3 (0.046),
TSH (0.068), PTH (0.147), total Calcium (0.020) and HbA1c (0.054) ,and it's
have negative correlation with T4 (-0.083) and FBG (-0.011).

As shown in table (4-14) PRL have inverse a significant (P<0.01)
correlation with FBG (-0.413), as well as it inverse correlation with T3 (-
0.082), T4 (-0.093), and HbAlc (-0.221). As well as PRL have positive
correlation with PTH, TSH and Calcium (0.103, 0.101 and 0.024) respectively.

Table (4-14) showed T3 have positive significant (P<0.05) correlation
with TSH (0.254) also positive correlation with T4 (0.141), total Calcium
(0.115) and FBG (0.070). Furthermore, T3 have negative correlation with both
PTH (-0.129) and HbA1c (-0.154).
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As shown in table (4-14), T4 have positive correlation with, total Calcium,
FBG, and HbAlc (0.030), (0.027) and 0.010) respectively. In addition T4 have
inverse correlation with both TSH (-0.072) and PTH (-0.103).

TSH have positive correlation with PTH, total Calcium FBG and HbAlc
(0.031, 0.057, 0.086 and 0.129) respectively.

As shown in table (4-14), PTH have positive correlation with HbAlc
(0.034) and inverse correlation with total Calcium (-0.203) and FBG (-0.131).
total Calcium have a significant (P<0.05) positive correlation with FBG (0.280)
and positive correlation with HbAlc (0.089) (Table, 4-14).

FBG as shown in table (4-14) have significant (P<0.01) positive correlation
with HbAlc (0.644).

68

—
| —




Chapter Four Results

Table (4-14) Correlations Between level of osteocalcin and others parameters studies in patients with T2DM

in TES LH FSH PRO T3 T4 TSH PTH Ca FBG HbA1lc
ocC .029 -.196 -171 -128 -137 -112 -.146 -.022 -.053 221 .045 .005
In -117 .026 .053 -.190 -.165 -112 -.144 .010 -217 .070 -151
TES 368" 113 260" .189 -.021 .187 -.024 -.064 -.216 -.033
LH 488" .027 .093 -.005 .025 224 -.017 -.141 -.140
FSH .084 .046 -.083 .068 147 .020 -.011 .054
PRL -.082 -.093 .101 .103 .024 -4137 -221
T3 141 254" -129 115 .070 -154
T4 -072 -.103 .030 .027 .010
TSH 031 .057 .086 129
PTH -.203 -131 .034
Ca .280" .089
FBG 644

Red Figures are Significant * 0.05, ** 0.01
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5. Discussion

5.1. Biochemical and Hormonal Parameters between Diabetic

Mellitus Patients and Control Groups

The present study showed that the levels of FBG and HbAlc in patients

with T2DM which increased significantly (P<0.05) in compare with control
groups. The elevation in FBG level may be resulting from defects in insulin
secretion, insulin action or both (ADA, 2014). The increasing in the level of
FBG in diabetic patients was in agreement with many researchers (Abd Ali
and Al-Zaidi, 2011; Onah et al., 2013; Al-Kaaby and AL-Ali,2020).
The rise in the level of HbAlc was associated with the increasing level of
FBG in diabetic groups (Tayde et al., 2013).The results showed significant
increase in insulin level of T2DM patients in comparison with control group,
these findings agree with Maedler et al., (2009); Al-Shawk., (2010).

Insulin level is high or normal in the body but the available insulin is
insufficient because of insulin resistance (Verma et al., 2006). The results
show increase OC in patients with T2DM, these results may be due to increase
bone resoption process because of insulin resistance which may be lead to
increase osteoclast action and OC release to blood or by diabetic
pharmacotherapy that make the body cell more responsive to insulin and bone
remodeling normal.

The results show decrease PRL in patients with T2DM, these results
may be due to diabetic pharmacotherapy which reduced PRL serum level in
patients with T2DM( Al-Nami et al.,2019). PRL is involved in the regulation
of glucose metabolism through regulation the function of pancreatic B-cell and

reduces of glucose threshold for insulin secretion (Al-Maiahy et al., 2019).
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5.2. Biochemical and Hormonal Parameters (According to Age)

5.2.1. Fasting Blood Glucose (FBG) Level and Glycosylated

Hemoglobin Alc (HbAlc)

The results of present study indicated the valuse of FBG and HbALc in
patients with T2DM increased significantly as compare with control groups.
The patients with T2DM has high serum glucose, either due to the insulin
produced by body did not enough, or because body cells did not respond to the
insulin produced (Onahn et al., 2013; ADA, 2014).

The increasing in the level of FBG was in agreement with many researchers
Njostad et al., (2003), Hussein and Al-Qaisi, (2012) which defined diabetes is
a group of metabolic diseases characterized by high level serum glucose. FBG
test is directly proportional to the severity of the diabetes mellitus (Ngugi et
al., 2012).

Glycalted hemoglobin (HbA1c) represents the blood glucose average level
within the past 3 months, therefore, increase FBG lead to increase HbALc in
T2DM (Moinuddin and Awanti, 2016).

5.2.2. Calcium

The results of current study showed that Calcium values increased
significantly (P<0.05) in patients with T2DM of second age group compared
to control, these results may be due to increase action of PTH or increase
vitamin D that cause increasing calcium absorption from digestive tract. Pittas
et al., (2007) reported that Calcium concentration increase with increase

vitamin D and action of PTH.
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Abbas et al., (2012) in their study of 30 patients suffering from T2DM
with age (30-70) years and 20 healthy controls in Baghdad province, reported

increase Calcium concentrations in patients with T2DM compared to control.

Other age groups did not differ significantly as compared to control, these
results agree with study by Abubaker and Mohammed, (2017) which found no
significant different in Calcium concentration when compared patients of
T2DM with control.

5.2.3. Osteocalcin

The results of this study showed the OC level which increased
significantly (P<0.05) in patients with T2DM in both second and third age
groups compare to the control groups, current study suggest the insulin
resistance may be lead to increase bone absoption and increase release OC
which storge in extracellular matrix of bone to blood stream, present results
disagree with study in Al- Najaf province done by Al-Dujaili and Al-Dujaili,
(2016) on T2DM patients (male and women)with age (40-69) years which
found decreased OC in T2DM patients. Also the results showed OC level of
patients in second and third group increased significantly compare with
patients of first group, these results agree with study by Ingram et al., (1994)
that reported OC increased with age, while disagreement with study by
Alfadda et al., (2013) on male have T2DM with age > 40 years that reported
OC levels are drop in T2DM subjects.

The results showed no significant different in OC concentration between
patients and control in first age group, these results agree with Hwang et al.,
(2012) which reported in their study that T2DM patients (25-60 years) no

significant association between T2DM patients and OC.
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5.2.4. Insulin
The results of current study show the insulin level in patients of T2DM

increased significantly in first age group as comparision with control, these
results agree with study done by Yamaguchi and Sugimoto, (2011) that
mention patients with T2DM have hyperinsulinemia, due to weakened cellular
sensitivity to insulin, and hyperglycemia, due to insulin resistance. So that
present study suggests these results due to insulin resistance, while didn’t
reach to the significant level in patients of second and third groups, these
results may be due to use diabetic pharmacotherapy for long time which make
changes in insulin levels, by reducing the amount of glucose releases from
liver into the blood stream and also make the body cell more responsive to

insulin (Inzucchi et al., 2012).

The insulin in most people of diabetic patients who are unable to use its
glucose for energy because of defects in the insulin action or problem with the
cell body’s insulin receptors this condition is called insulin resistance (Vital et
al., 2006; Kim et al., 2010).

5.2.5. Reproductive Hormones

The current study results showed that the level of LH in patients with
T2DM in third age group increased significantly comparision with control
group, these results agrees with Natah et al., (2013) that found LH level
increase significantly in patients of T2DM because that leydig cells and

become resistant to gonadotropin hormone as aresult higher levels of LH.

The results also showed that LH level in the third age group of T2DM

which increased significantly in comparision with first age group of T2DM,
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these results agree with study by Fukui et al., (2007) on male with T2DM (40-

69 years) found LH increase with age.

The results showed no significant different in FSH in all groups, these
results agree with Achemlal et al., (2005) that found no significant difference
in FSH level in T2DM.

The results showed TT level of patients in first, second and third age
groups did not different significantly compare with control groups, this results
agree with study done by Natah et al.,, (2013) which found the TT
concentration in T2DM did not differ significantly when compare it with
control, also agreement with the study done by Esmaeel, (2013) which
reported non-significant different in TT levels between T2DM male aged (25-
53 yearss) and healthy male in the same age in Babylon province. But TT
level of patients with T2DM in third age group increase significantly
compared to patients with T2DM in first age group, these results may be
related to a hypothalamic defect and/or to an absence of pituitary response to
GnRH. Dhindsa et al., (2004) demonstrated that 33% (not all) of men with
T2DM had significantly lower levels of TT.

PRL concentration decrease significantly in patients with T2DM in first
group this results agree with study done by Balbach et al., (2013) that reported
decrease PRL level in T2DM, these results may be due to glucose lower drug

which may be which inhibits PRL secretion (Hussien et al., 2018).

5.2.6. Thyroid hormones

The results of the present study showed T3 and T4 concentration no

significant differences in patients of all age groups compare with the control
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groups, these results agrees with study done by Kouidhi et al., (2013) who

found that there was no effect of T2DM on thyroid hormones levels.

Hage et al., (2011) which reported that reduce in T3 levels has been noted
in uncontrolled diabetic patients, this “low T3 state” could be described by
impairment in peripheral conversion of T4 to T3 that normalizes with

enhancement in glycemic control.

Higher levels of circulating insulin linked with the insulin resistance have
shown a proliferative influence on thyroid tissue resulting in larger thyroid

size with increased formation of nodules (Ayturk et al., 2009).

Results of present study showed the value of TSH no significant difference
between patients and control groups, but when we compare among patients;
the third group increased in comparison with second group, this results may be
because of TSH increasing with aging and it agreement with Boucai and
Surks, (2009); Bremner et al., (2012).

5.2.7. Parathyroid Hormone

Results of current study showed that PTH level in first age group
decreased significantly in comparison to control group, these results may be
because of insulin resistance causing inhibitor action on the synthesis and
secretion of PTH agree with Martinez et al., (1998) which noted that there are
inverse correlation between blood glucose and PTH and hyperglycaemia may
have an inhibitory action on the synthesis and secretion of PTH, or because
decrease in magnesium concentration due to increase urination, agree with
Paula et al., (2001) that found PTH level decreased in patients with T2DM

due to decrease Magnesium concentration which interacts in a complex
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manner with PTH, interfering both with the secretion and action of this

hormone.

5.3. Biochemical and Hormonal Parameters (According to BMI)

5.3.1. Fasting Blood Glucose and Glycosylated Hemoglobin Alc

The data showed that obesity is common in the subject of T2DM, the results
of the present study showed that the diabetic patients have significantly high
concentration of FBG and HbAlc than control in all BMI groups and it agree
with information that maletioned in ADA, (2015) that diabetic patients FBG
level > 126 mg/dl. Increasing of HbAlc levels in our study indicates poor
control of FBG levels or poor glycemic index and it agreement with Tayde et
al., (2013).

Blood glucose is controlled by two main processes: insulin secretion by 3-
cells in response to a nutrient challenge and insulin action on major target

organs, i.e., skeletal muscle, liver and adipose tissue (Ismail, 2010).

Obesity is risk factor for T2DM and the association between obesity and
diabetes shown in many studies (Daousi et al., 2006; Kumar et al., 2008;
Tirupathi et al., 2015).

5.3.2. Calcium

The results of current study showed Calcium level no different
significantly in normal weight, obesity, these results comes in agreement with
study done by Nagasaka et al., (1995) that found serum calcium
concentrations remained unchanged in patients with T2DM, while increase
significantly but within the normal range in overweight diabetic group ,these
results agree with study done by Al-Selevany (2005)which reported in their

76

—
| —



Chapter Five Disccusion

study in Mosul province on 60 T2DM patients with a mean agexSD
(47.6x11.6) years and 60 healthy controls with a mean age+SD ( 35.2+14.3)
years that calcium concentration significantly higher in T2DM patients
compared with those in healthy controls due to increased flux of Calcium into

the extracellular fluid from the skeleton, intestine, and kidney.

The results of present stydy disagree with study in Diwaniya provenice
done by Al-Yassin, (2009) on T2DM patients (women and male) with mean
age £SD (56.23 £ 8.25) years and healthy controls of both sexes with a mean
age = SD (36.2+ 14.3) which mentioned that calcium concentration decrease

significantly compare to control

5.3.3. Osteocalcin

The results of current study indicated that the OC concentration increased
significantly in overweight, and obesity groups, these results agrees with
Turkish study done by Kigukler et al., (2013) on men with T2DM which
found increase OC concentration in T2DM patients, these results may due to
insulin has an anabolic effect on osteoblasts (Kream, et al., 1985), so our
study suggests insulin resistance causes decreasing in bone formation, so
increasing bone resorption causing release OC storage in bone to blood or
because of diabetic pharmacotherapy that make the body cell more responsive

to insulin and bone remodeling are normal

While Lee et al., (2007) found no association between BMI and OC level.
Results of present study disagreed with Kindblom et al., (2009) revealed that
OC level was negative correlated with BMI.

77

—
| —



Chapter Five Disccusion

5.3.4. Insulin

The current study showed the increasing insulin level significantly in
patients with T2DM which suffer from obesity, these results agrees with Kahn
and Flier, (2000) which reported obesity may result in hyperinsulinism and
insulin resistance, with a close relationship between the increased visceral fat

and the degree of insulin resistance as well as hyperinsulinism.

Cubbon et al., (2007) reported that T2DM is most commonly associated
with obesity in middle-aged individuals; it is because of defects in insulin
receptors on the plasma membrane of cells in target tissues, or an abnormal

binding of insulin to receptors.

In the present study there was significant increasing serum insulin in
T2DM obese group in comparison to the control group, this is in agrees with.
Also, Goran et al., (2003) reported that occurrence of obesity was higher in
adolescence leading to development of insulin resistance and the duration of
obesity was independent risk factor for the development of T2DM.
Furthermore, Qatanani and Lazar (2007) reported that obesity main causes of
develop insulin resistance in individuals having higher levels of insulin,
Finally, Margoni et al., (2011) suggested that insulin sensitivity in obese has
an important role in the advance of pathogenesis of obesity related insulin

resistance.

5.3.5. Reproductive Hormones

Our study showed that there are no significant different in TT, LH and
FSH concentrations exception the patients with overweight increase LH
concentration significantly in comparison with overweight control, this results

Is agrees with Dhindsa et al., (2018) which reported that One- third of male
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with obesity and T2DM have subnormal TT concentrations and gonadotropin

concentrations are inappropriately normal. .

The leydig cell responsiveness to exogenous gonadotropin stimulation was

attenuated in male with obesity and insulin resistance (Pitteloud et al., 2005).

PRL level in patients of normal weight decrease significantly compare
with control group and other patients group, this results agrees with study
done by Ling et al., (2003); Hogan and Stephens, (2005) which found that the
human adipose tissue expression PRL mMRNA so increase PRL secretion in
adipose tissue, also Brandebourg et al., (2007) reported PRL increase with
BMI. Also gree with Roelfsema et al., (2012) which found PRL increase in

men with age

5.3.6. Thyroid Hormones
The results of present study showed that T3and T4 levels in all groups no

difference significantly in comparison to the control groups, while TSH
increase in patients of normal weight group when comparing to the patients of
other groups, this results agreement with study done by Nannipieri et al.,
(2009) that found TSH receptors expression in adipose tissue is reduced in

obesity and increased with weight loss.

Kouidhi et al., (2013) reported the synthesis of TSH and thyroid hormones
may be affected by adipose tissue and caloric consumption, also found
correlation between thyroid function and fat accumulation seems to exist,
Furthermore, TSH concentrations associated with insulin resistance, which

proposes a role of the insulin resistance in controlling thyroid function.
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5.3.7. Parathyroid Hormone

The value of PTH increased significantly in patients of obesity group
compare with patients of other groups, this results agree with Rgislien et al.,
(2011) that reported the PTH level increase in T2DM with BMI, these results
may be due decrease vitamin D in obesity due toVitamin D is fat soluble and

relationship between PTH and vitamin D is negative.

PTH in the patients with T2DM of normal weight decreased significantly
in compare with control group, this results agree with many studies;
Kawagishi et al ., (1991); Schwarz et al., (1992); Ishida et al., (1993).
Nagasaka et al., (1995) reported that serum PTH declined from mid-normal to
low-normal levels in patients of T2DM, these results may be due to
hyperglycaemia may have an inhibitory action on the synthesis and secretion
of PTH.

5.4. Correlations between Levels of Osteocalcin and Others
Parameters Studies in Patients with T2DM

The results of this study showed that OC have positive correlation with
insulin, but did not reach to the significant, these results may be due to insulin
resistance, and due to insulin consider anabolic factor has receptor on
osteoblast cell of bone (Yang et al., 2010), our study suggests the osteoblasts
directly affected by insulin resistance causing increase bone resorption leading
to OC release into blood.

This study agrees with Starup-Linde et al., (2018) that reported no
differences in OC or unOC responses glucose challenges resulting in widely

different endogenous insulin and incretin responses.
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Also results of this study showed negative correlation between OC and
reproductive hormone, but did not reach to the significant, these results
disagreemalet with study done by Di Nisio et al., (2017) that reported OC-
deficient exhibit increased levels of LH (a pituitary hormone that regulates sex

steroid synthesis in the testes).

Astudy by Ducy et al., (1996) revealed the existence of parallel endocrine
pathway acting on the endocrine function of the testes, which involves OC.
The OC effect the TT level through stimulating its production by the testes
(Our et al., 2011).

Results of the current study showed that the positive correlation between
OC and Calcium, but did not reach to the significant. Free OC which available
for circulation in the blood may explain the increased concentration of
Calciumand OC in the serum of the second group in current study agrees with
study done by (Jagtap et al., 2011) that reported increasing in Calcium level in
serum lead to deficiency of Calcium in bone which may lead to lowering the
formation of hydroxyapatite crystals of calcium and OC.Thus, in the state of

decreased rate of bone mineralization.

Also results of current study showed OC have positive correlation with
FBG and HbAlc but did not reach to significant, these results agrees with
Hwang et al., (2012) that reported no relationship between total OC and the
glucose metabolism. In another studies done by Pietschmann et al., (1988) and
Kicukler et al., (2014) found no significant association between OC and
HbALc levels.
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The results disagree with the meta-analysis by Liu et al., (2019) which
found an inverse association between OC and FBG in people with and without

diabetes.

Result of this study showed that there is significant positive relationship
between LH and TT, because of the disruption in the hypothalamic-pituitary-
gonadal axis and abnormal testicular energy metabolism (Nna et al., 2017).
The present study is in line with recent reported by Dhinsda et al., (2004)
which found positive correlation between LH and TT concentration in male
with T2DM.

In health subject negative feedback mechanism between LH and TT, (Du
Plessis, et al., 2010).

The results of the present study showed a significant positive relationship
between PRL and TT; this may be due to disruption in the hypothalamic-
pituitary-gonadal axis. In health subjects the relationship are negative between

prolactin and testosterone (Zeitlin, 2000).

The results showed negative significant correlation between PRL and
FBG, these results which agree with the study done by Balbach et al., (2013),
and Wang et al., (2013) which showed an inverse association between serum
PRL levels and FBG in patients with T2DM. Experimaletal studies indicated
that PRL has effects on food intake, body weight gain, and insulin resistance
via inhibiting adiponectin and IL-6 production in adipose tissue which may
lead to T2DM (Nilsson et al., 2005; Ben-Jonathan et al., 2008).

The experimental studies also showed that PRL has effect on growth of

pancreatic [3-cells and reduces threshold for glucose-stimulated insulin
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secretion (Petryk et al., 2000; Kim et al., 2010), which indicate that PRL has a
protective effect against T2DM.

The results also showed significant correlation between HbAlc and FBG,
these results in agreement with study in Babylon province by Fadhe and
Yousif (2019) which found positive correction between HbAlc and FBG

The results also showed that a significant positive correlation between
FBG and Calcium, this is may be due to increased increased Calcium
absorption from digestive tract or may be due impairment bone mineralization
due to diabetes, so we suggests this causes increase Calcium in serum of
T2DM

In the individuals heath the relationship betweenTSH and T3 is a
negative when TSH increase T3 decrease. The results of present study showed
significant positive correlation between T3 and TSH, these results may be due
to medications they receive which suppress the level of T4, while raise levels
of TSH (Carreras-Gonzalez and Perez, 2007), or suppression of TSH to
subnormal levels without clinical symptoms of hyperthyroidism and no
change in T, or T; in patients (Robert et al., 2006). The results of present
study agree with study done by Datchinamoorthi et al., (2006) which found
that TSH and T3 have positive relationship in T2DM patients.

The DM influences the thyroid hormones in two sites, first at the level of
hypothalamus by controlling TSH release and second at the peripheral tissues
by converting T4 to T3 (Chen et al., 2007; Vikhe et al., 2013).
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Chapter Six  Conclusions And Recommendation

6.1. Conclusions

The presents study shows that:
1. Increasing levels of HbAlc and FBG level in patients with T2DM

2. This study revealed increase OC level with BMI and age in patient
with T2DM.

3. Increasing PTH levels in serum with increase age and BMI in
patients’ withT2DM.

4. Increasing insulin levels of T2DM patients with increase BMI.

5. Decrease PRL concentration in patients with T2DM

6.2. Recommendation

1. Future studies included subject with more age of sample and other
parameters such as vitamin D and insulin resistance.

2. Comparative study for OC between male with TIDM and other with
T2DM

3. Future studies estimule of OC level in adolescence with TIDM.

4. Future studies estimule of OC level in women with other metabolic

syndrom such as obesity.
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