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Summary

Background:

Type 2 Diabetes mellitus is a disease characterized by chronically
elevated blood glucose levels, even when fasting largely due to increased
endogenous glucose production. In liver, glucose-6-phosphatase catalyses
the terminal step of glycogenolysis and gluconeogenesis. The classical
role of glucose-6-phosphatase in the liver is the production of glucose for
release into the blood. This correlation between type 2 diabetes and
glucose-6-phosphatase makes this enzyme an appealing drug target for
control of blood glucose levels as its inhibition would directly prevent the
release of free glucose into the blood stream. Aims of the study were to
assess the effects of anti-diabetic drugs( metformin and metformin plus
glibenclamide) on Glucose-6-phosphatase  activity, serum leptin
concentration, Fasting plasma glucose (FPG) , Glycated hemoglobin
(HbA1c%) and lipid profile in type 2 diabetic patients and to study the
factors that affect the binding between Glucose-6-Phosphatase and
biotin antibody in all diabetic patients and control.

Subjects, Materials and Methods:

This study includes (84) subjects, their age ranged from (40 to 54)
years. (20) subjects were healthy chosen as control group and (64)
patients with type 2 diabetes mellitus were divided into three groups
according to their type of anti diabetic therapy : (23) newly diagnosed
group without therapy ( Groupl) , (20) with metformin therapy (Group2)
and (21) with metformin plus glibenclamide therapies( Group3) . In the
first part of the study Glucose- 6 -Phosphatase (G-6-Pase) activity and
Leptin hormone level were quantitatively determined in patients and

healthy subjects by Enzyme-Linked Immuno sorbent Assay [ELISA] test.


https://en.wikipedia.org/wiki/Diabetes_mellitus_type_2
https://en.wikipedia.org/wiki/Fasting

In addition to that, the duration of disease, duration of taking treatment,
fasting plasma glucose (FPG), Glycated hemoglobin (HbA1c%), body
mass index (BMI), and lipid profile were identified in the patients. In the
second part we study the characteristics of the binding of biotin antibody
with G-6-Pase in the sera of the healthy subjects and patients. Different
factors affecting this binding were studied such as concentration of

antibody, concentration of antigen, temperature, and incubation time.

Results:
This study showed the following:
Part I:

s The levels of G-6-Pase activity and serum leptin hormone
are found to be significantly higher in diabetic patients
compared with healthy control group (P<0.05).

s The levels of G-6-Pase activity and serum leptin
hormone were found to be significantly higher in newly
diagnosed group when compared with metformin group,
metformin  plus  glibenclamide group and  control
group(P<0.05).

% A significant correlation (P<0.05) was found between G-
6-Pase activity and FPG in all diabetics groups ( newly
diagnosed group, metformin  group, metformin plus
glibenclamide group) and a significant  correlation
between G-6-Pase activity and HbAlc % in newly
diagnosed group and metformin group.



* No significant correlation (P>0.05) was found between
the level of leptin and G-6-Pase activity and significant
correlation (P<0.05) was found between the Ilevel of

leptin and BMI in all diabetic groups.

Part I1:

The binding studies of biotin antibody with antigen by using ELISA Test
revealed that the optimum factors that affect the binding are:
Concentration of biotin, Concentration of G-6-Pase enzyme, Temperature

and Incubation time
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Chapter one: Introduction and Literature Review

1.1 Diabetes mellitus
1.1.1 Definition:-

Diabetes mellitus (DM) has been defined as a group of metabolic
diseases characterized by hyperglycemia resulting from defects in insulin
secretion, insulin action, or both ®. Insulin is a hormone produced in
pancreas enable body cells to absorb glucose to turn into energy if the
body cell do not absorb the glucose it will accumulates in its blood
"hyperglycemia™ The chronic hyperglycemia leading to various potential
complication @ . The chronic hyperglycemia of diabetes is associated
with long-term damage, dysfunction, and failure of different organs,

especially the eyes, kidneys, nerves, heart, and blood vessels @,

1.1.2 The Classification of Diabetes Mellitus:

The new classification of DM has been proposed by American
Diabetes Association (ADA) and World Health Organization (WHO). It
comprises four etiological types: Type 1 diabetes (due to b-cell
destruction , usually leading to absolute insulin deficiency),Type 2
diabetes (due to a progressive insulin secretary defect on the background
of insulin resistance), Gestational diabetes mellitus (GDM) (diabetes
diagnosed in the second or third trimester of pregnancy that is not clearly
overt diabetes), Other specific types of diabetes due to other causes, e.g.,
monogenic diabetes syndromes (such as neonatal diabetes and maturity-
onset diabetes of the young [MODY]), diseases of the exocrine pancreas
(such as cystic fibrosis), and drug- or chemical-induced diabetes (such as

in the treatment of HIV/AIDS or after organ transplantation) @,
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1.1.2.1 Type 1 diabetes

It was previously called insulin-dependent diabetes mellitus (IDDM) or
juvenile-onset diabetes. Type 1 diabetes develops when the body's
Immune system destroys pancreatic beta cells resulting in failure of
insulin production. This form of diabetes usually strikes children and
young adults, although disease onset can occur at any age. Type 1
diabetes accounts for 5-10% of all diagnosed cases of diabetes ). This
type of diabetes usually presents acutely with hyperglycemic symptoms
include polyuria, thirst, tiredness, weight loss and drowsiness usually

denote impending ketoacidosis ©.

1.1.2.2 Type 2 diabetes

Named non-insulin dependent diabetes mellitus (NIDDM) or adult
onset diabetes @ It was account for 90 -95% of those with diabetes.
Type 2 diabetes mellitus is a heterogeneous disease which is
characterized by variable degrees of insulin resistance, impaired insulin
secretion and increased glucose production. Insulin resistance occurs
when the cells become less sensitive to the effects of insulin ®. The
defective responsiveness of body tissues to insulin almost involved the
insulin receptor in cell membrane. In the early stage the predominant
abnormality is reduced insulin sensitivity characterized by elevated levels
of insulin in the blood. At this stage, hyperglycemia can be reversed by a
variety measures and medications that improve insulin sensitivity or
reduce glucose production by the liver. As the disease progresses, the
impairment of insulin often becomes disease and remains undiagnosed

for a long time (.
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1.1.2.3 Gestational Diabetes Mellitus (GDM)

Gestational Diabetes Mellitus has been defined as any degree of
glucose in tolerance with onset or first recognition during pregnancy. The
prevalence of Gestational Diabetes Mellitus (GDM) can range from 2 to 3
% of pregnancies. Most women revert to normal glucose tolerance post
partum but have a substantial risk of 30 to 60 % of developing DM later in
their life .The risk factor for GDM includes:

1. Age.
2. Ethnicity.
3. Pregnancy body mass index.

4. Family history.®

1.1.2.4 Other specific types of diabetes
These types could be due to other causes:-

a. Genetic defects of B-cells function (e.g. maturity- onset diabetes of the
young (MODY).

b. Genetic defects in insulin action, disease of the exocrine pancreas
(pancreatitis, trauma, neoplasia, fibrocalouspancreatopathy ) .

c. Endocrinopathie(acromegaly, Cushing's syndrome, pheochromocytoma)
d. Drug or chemical induced (glucocorticoids)

e. Infections (congenital rubella) ©@9

1.1.3 Diagnosis of Diabetes Mellitus
The National Diabetes Data group and the world health organization
have issued DM diagnostic criteria, which are based on the following

principles:
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a.HbAlc: Glycated hemoglobin is a blood test that provides information
about a person's average levels of blood glucose over the past 3 months.
The HbALc is the test used for diabetes management and diabetes research
(1, One advantage of using A1C measurement is the ease of testing
because it does not require fasting. An A1C level of greater than 6.5

percent on two separate occasions is considered diagnostic of diabetes ),

e Structure of Glycated hemoglobin (GHb or HbAlc) :-
Glycated hemoglobin have a carbohydrate moiety (glucose or a
derivative) attached to one of the globin chains.
Carbohydrate may be attached to the N-terminus amino acid residue
(valine) of the B or a globin chains. Linkage to the N-terminus of [-
chains is of most practical importance since this rise to the altered

physical properties 2.

e Formation of HbAlc:-

Glucose combines with the o —amino group of the valine residue at the N-
terminus of 1 globin chain to form an aldimine (Schiff base)-. During red
blood cell circulation, some of the Schiff base is converted to form a
stable ketoamine 4,

Glycated hemoglobin is formed in two steps by the non-enzymatic
glycation of HbAlc. In the first step glucose can rapidly react with
hemoglobin to form labile aldimine pre- Alc (Schiff base) - The reaction
between the carbonyl group of glucose and the N-terminal valine of -
chain of hemoglobin is reversible and dissociation to native hemoglobin
and glucose occults readily. In the second step is irreversible when a
labile aldimine (Schiff base) undergo an amadori rearrangement to form
Glycosylated hemoglobin (keto amine) the keto amine product is stable

and cannot revert back to hemoglobin and glucose @ .

4
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b.FPG: Fasting plasma glucose (FPG) is commonly used to screen for
disorders of glucose metabolism, mainly diabetes mellitus and it is a
useful monitor for drug or dietary therapy in patients with diabetes
mellitus . This test determines the blood glucose level that reflects glucose

control only at the moment of the obtained sample 1617,

c. GTT: Glucose tolerance test is also called GTT, is a way of examination
of how your body handles glucose. Glucose is given as a drink called
polycal, blood samples are taken immediately before and 2 hours after this
drink. The levels of glucose in the blood samples are measured and the
result allow the doctor to make judgment on how well your body is able to

manage blood sugar levels 9,

d. R.P.G: Random blood glucose concentration > 11.1
mmol/L(200mg/dL): random is defined without regard to time since the

last meal 19,

1.2 Risk factors and symptoms of type 2 diabetes

The most common risk factors for type 2 diabetes comprise obesity,
poor diet, sedentary lifestyle, increased age; 21% of people over 60 years
have diabetes with family history; diabetes tends to run in families %21,
Not everyone with type 2 diabetes has symptoms, particularly in the early
stages of the disease. In fact, 5.7 million of the 23.6 million people with
diabetes are unaware that they even have the disease of those, 90 to 95%
are those with type 2 diabetes #? . People with type 2 diabetes may not
have symptoms for years or decades, but as the disease progresses and
blood sugar levels rise, symptoms develop. People with type 2 diabetes

may have the following signs and symptoms:
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e Blurred sight

e Decreased sensation or numbness in the hands and feet

e Dry, itchy skin

e Frequent bladder and vaginal infections » frequent need to urinate
e Increased thirst and hunger

e Male impotence (erectile dysfunction)

e Slow healing of cuts or sores

e Tiredness @,

1.3 Complications of type 2 diabetes mellitus

Complications of type 2 diabetes include acute and chronic
complications acute metabolic complications of diabetes consist of
diabetic ketoacidosis (DKA), Hyperosmolar Hyperglycemic State (HHS)
23) | lactic acidosis (LA), and hypoglycemia ?¥ . Diabetic Ketoacidosis
(DKA) and Hyperosmolar Hyperglycemic State (HHS) caused by
absolute or relative deffiency in endogenous insulin level with
concomitant rise of counter regulatory hormones such as catecholamines,
glucagon, growth hormone and cortisol ®® . Hypoglycemia results from
the treatment of diabetes, either with oral agents or insulin. Although
hypoglycemia may occur in conjunction with oral hypoglycemic therapy,
it is more common in patients treated with insulin @4 LA is caused by the
buildup of lactic acid in the bloodstream and occurs when oxygen levels
in the body drop (hypoxia). The occurrence of LA in type 2 diabetes is of
great concern because the mortality rate of LA can be as high as 50% 9,
The chronic complications include cardiovascular disease, peripheral
vascular disease, cerebrovascular disease, diabetic retinopathy and

diabetic nephropathy. These complications are associated with
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considerable morbidity, reduced quality of life, disability, premature

mortality and high economic costs @7,

1.4 Etiology

Type 2 diabetes is caused by a combination of genetic factors related to
impaired insulin secretion and insulin resistance and environmental
factors such as obesity, overeating, lack of exercise, and stress, as well as
aging. It is typically a multifactorial disease involving multiple genes and

environmental factors to varying extents ),
1.4.1 Roles of environmental factors

o Life style

Epidemiological studies of type 2 diabetes provide evidence that over
eating especially when combined with obesity and under activity is
associated with the development of type 2 diabetes. Type 2 diabetes risks
can be reduced in many cases by making changes in diet and increasing
physical activity. Diets that are very low in saturated fats reduce the risk
of becoming insulin resistance and diabetic. A number of life style factors
are known to be important to the development of type2 diabetes. Persons
who have high levels of physical activity, a healthy diet, none smokers,
and consume alcohol in moderation have an 82% lower rate of diabetes.
And when a normal weight has been included the rate has been 89%

lower (29,30,31).
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e Obesity

Obesity is a medical condition in which excess body fat has
accumulated to the extent that it may have an adverse effect on health,
leading to reduced life expectancy and increased health problems. People
are considered as obese when their Body mass index (BMI), a
measurement which compares their weight and squared height, exceeds
30 kg/m2 ©2 Obesity increases the likelihood of various diseases,
particularly heart disease and type 2 diabetes. It is most commonly caused
by a combination of excessive food energy intake, lack of physical
activity, and genetic susceptibility, although a few cases are caused
primarily by genes, endocrine disorders, medications or psychiatric
illness @3 Eighty percentage of people with type 2 diabetes are
overweight when diagnosed diabetes symptoms disappear in many of

these obese patients when they lose weight ¢4,

e Pregnancy: Hormones produced during pregnancy block the effect

of insulin ¢,

e Age: Type 2 diabetes is principally a disease of the middle aged
and elderly. It affects 10% of the population over age of 65 years
and over 70% of all cases of diabetes occur after the age of 50
years ),
1.4.2 Genetic factor
Type2 diabetes is a complex polygenic disorder in which common
genetic variants interact with environmental factors to unmask the
disease. Genetic factors are known to play an important part in the
development of Type2 diabetes 7. Study of the occurrence of diabetes

between monozygotic twins suggests a concordance of around 60% . The
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marked differences in prevalence of type 2 diabetes between some ethic
groups probably also represent differences in the genetic susceptibility
©8), The common form of NIDDM is apparently inherited as a polygenic
trait (a trait controlled by many genes) ©9. with environmental factors
which also playing a role. The risk to develop the disease increases
strikingly, if there is a family history, especially among first degree

relatives “9,

1.5 Insulin

Insulin is a polypeptide hormone produced by the B-cells of the Islets
of Langerhans, clusters of cells that comprise about 1% of the mass of
the pancreas. Insulin is one of the most important hormones coordinating
the utilization of fuels example, synthesis by tissues. It is composed of
51 amino acids arranged in two polypeptide chains, chain (A) which
contains 21 amino acids and chain (B) contains 30 amino acids which are
linked together by disulfide bridges ,the insulin molecule also contains an
intermolecular disulfide bridges between amino acid residues 6 and 11 of
the A chain “V Figure (1.1).

Figure(1.1) Human insulin @,
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Treatment of Type 2 diabetes
1.6 Oral hypoglycemic agents

Oral hypoglycemic agents have a very important clinical impact on
treating type 2 diabetes. Many complications develop if the disease is not
treated early enough and with the proper pharmacological agents. These
complications include diabetic retinopathy, nephropathy, and neuropathy.
Other risk factors must also be addressed in patients with type 2 diabetes.
Old agents such as sulfonylureas, biguanides, TZDs, alpha-Glucosidase
inhibitors, and short-acting insulin secretagogues, and combination
therapies had a good impact on disease treatment. The clinical benefits of
all pharmacological agents become more complete when accompanied
with non-pharmacological treatments “2.Many oral hypoglycemic agents
exist that have proven to be successful in lowering significant parameters
in disease monitoring such as HbA1C, fasting blood glucose reduction

and peak postprandial plasma glucose “,

1.6.1 Metformin

Metformin (N, N-dimethylbiguanide) belongs to the biguanide class of
anti-diabetic drugs chemically is 1,1-Dimethyl biguanide hydrochloride
with a molecular formula of C4H:,Cl Ns ( Figure 1.2) “4),
Metformin has been an important drug for treatment of type 2 diabetes
(T2D) for decades. It is the most widely used oral antihyperglycemic
agent and is currently recommended as first line therapy for all newly
diagnosed T2D patients “. Metformin has been used widely in the
treatment of T2D for over 50 years and has been found to be safe and
efficacious both as monotherapy and in combination with other oral anti-

diabetic agents and insulin “6),

10
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Figure(1.2) : Chemical structure of Metformin- HCI ¢4,

The work of Dr Jean Sterne, a French clinician and his colleagues led to
the discovery of metformin as an oral antidiabetic agent in Paris . The
first synthesis of metformin (dimethyl biguanide) is attributed to Werner
and Bell from Trinity College, Dublin, Ireland, in 1922 , and was a basis
for further experimental and clinical studies on the potential

therapeutic application of biguanides, particularly metformin. The other
two biguanide agents, phenformin and buformin, were soon withdrawn
from widespread clinical use due to their toxicity, especially lactic
acidosis. However, five decades were needed to promote metformin from
a minor product to the ‘gold standard’ in the treatment of type 2 DM,

with a wide safety profile ¢

1.6.1.1 Mechanisms of actions.

Metformin appears to have several, incompletely understood but
complementing each other, modes of action “®.The main mechanisms
include anorexiogenesis, reduction of intestinal carbohydrate absorption,
inhibition of hepatic gluconeogenesis, as well as increased glucose uptake

by peripheral tissues “9),

11
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Metformin exerts its glucose-lowering effect primarily by decreasing
hepatic glucose production through suppression of gluconeogenesis and
enhancing insulin suppression of endogenous glucose production and, to
a lesser extent, by reducing intestinal glucose absorption and possibly
improving glucose uptake and utilization by peripheral tissues, such as
skeletal muscle and adipose tissue ©,

The metformin-induced inhibition of hepatic gluconeogenesis has been
ascribed to several mechanistic cascades. Potential mechanisms are the
direct inhibition of gluconeogenic enzymes (e.g. phosphoenolpyruvate
carboxykinase, fructose-1,6-bisphosphatase, and glucose- 6-phosphatase),
the reduced hepatic uptake of substrates for gluconeogenesis ©152. Other
investigators have also demonstrated the inhibition of mitochondrial
respiration by metformin, which may reduce the energy supply required

for gluconeogenesis ©2),

1.6.2 Sulfonylureas

This class of drugs had been introduced in the 1950’s and has played
an important role in the management of type 2 diabetes since its
introduction to the market ©4. The sulfonylurea drug class has evolved as
different generations of agents. The first generation sulfonylureas are the
oldest, and include tolbutamide, tolazamide, chlorpropamide and
acetohexamide. The second-generation sulfonylureas include glyburide
(also known as glibenclamide), glipizide, gliclazide and glimepiride. All
sulfonylureas have the same mechanism of action; however, the second-
generation agents are more potent than the first-generation agents on a
weight basis ©®. In terms of clinical response, the sulfonylureas, on
average, lower HbAlc by 1-2% ©®. As insulin secretagogues, the
pharmacodynamic effects of sulfonylureas are dependent on functioning

B cells; thus they are typically used earlier in the course of the disease

12
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process. In later stages of the disease, when B-cell dysfunction becomes
most prevalent, sulfonylurea efficacy may decline and may necessitate an
increase in drug dosage or the switch to other non-insulin secretagogue

therapy ©7.

1.6.2.1 Glibenclamide

Glibenclamide also known as glyburide, is an oral hypoglycemic of
the sulfonylurea group that is frequently prescribed, for the treatment of
noninsulin dependent diabetes mellitus ®®. Chemically is 5-chloro-N-[4
[[[(cyclohexylamino)carbonyl]amino]sulphonyl]phenyl] ethyl]-2
methoxy benzamide ©® Figure(1.3).
The main effect of sulfonylureas is the rise in plasma insulin
concentrations; consequently they are effective only when residual
pancreatic B-cells are present. The rise in plasma insulin levels occurs for
two reasons. Firstly, there is stimulation of insulin secretion by pancreatic

B-cells, and secondly, there is a decrease in hepatic clearance of insulin
(60)

Cl
N
H
OCH;

Figure 1.3 Chemical structure of Glibenclamide ©#

13
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1.6.2.2 Mechanisms of actions of sulfonylureas

Sulfonylureas improve glucose levels by stimulating insulin secretion
by binding to the specific receptor for sulfonylureas on p-pancreatic cells,
blocking the inflow of potassium (K+) through the ATP-dependent
channel: the flow of K+ within the B-cell goes to zero; the cell membrane
becomes depolarized, thus removing the electric screen which prevents
the diffusion of calcium into the cytosol. The increased flow of calcium
into B-cells causes the contraction of the filaments of actomyosin
responsible for the exocytosis of insulin, which is therefore promptly

secreted in large amounts ©%%Y Figure (1.4).
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Figure (1.4): Mechanism of action of sulfonylureas ©¢2)

14



Chapter one: Introduction and Literature Review

1.6.3 Combination Therapy

To maintain normal blood glucose levels in patients having type-II
diabetes mellitus who have not been stabilized on monotherapies, a
combination of Metformin & Glibenclamide tablets were prepared with
the aim to minimize the risk of long-term complications by decreasing the
polypharmacy ©364. Combination of glibenclamide and metformin
hydrochloride simultaneously addresses two different but complimentary

mechanisms to improve glycemic control in type 2 diabetes ¢,

1.7 Leptin Hormone

1.7.1 Structure , Synthesis and Biological Functions of Leptin

leptin (derived from the Greek word “leptos” meaning lean) is a
peptide hormone contains 167 amino acids, which is discovered at the
end of the year 1994 ®® |t is produced by differentiated adipocytes,
although production has been demonstrated in other tissues, such as the
funds of the stomach, skeletal muscle, liver and the placenta ©7. Leptin
acts on the central nervous system, in particular the hypothalamus,
suppressing food intake and stimulating energy expenditure ©®® Figure
(1.5).
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Figure (1.5): Leptin and the regulation of energy balance ©"-
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Leptin serves as a major ‘adipostat’ by repressing food intake and
promoting energy expenditure. Independent of these effects, leptin
improves peripheral (hepatic and skeletal muscle) insulin sensitivity and
modulates pancreatic B-cell function. In the majority of cases of obesity,
despite both an intact leptin receptor and high circulating leptin levels,
leptin fails to induce weight loss. This diminished response to the
anorexigenic and insulin sensitizing effects of leptin is called "leptin
resistance” ©9.The rising prevalence of human obesity and type 2
diabetes has generated intense interest in the physiological roles that

leptin plays in energy balance and food intake regulation %73 |

1.7.2 Leptin hormone and Type 2 diabetics

The development of Type 2 diabetes in association with obesity,
hyperinsulinemia and insulin resistance has been demonstrated. Obesity
Is associated with a marked increase in circulating leptin concentration
("2, However, plasma leptin displays a strong correlation with insulin
concentration, insulin resistance, metabolic syndrome, dyslipidemia, even
after controlling for measures of body fat mass . Leptin, on the other
hand, has been shown to improve insulin sensitivity and glucose
metabolism in leptin treated rats ) and a similar response has been
reported in  human(™®.However, relationship  between leptin
concentrations and insulin resistance has also been cited ®. Therefore it
Is evident that leptin's influence on insulin action is as debatable as
insulin’s effect on leptin levels. The different severity or condition of type
2 diabetes might result in different degree of insulin concentration and
resistance. Many studies have demonstrated that taking oral antidiabetic

drugs might change the plasma leptin concentration in type 2 diabetes

(77,78).
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Leptin receptors that are found in pancreatic B-cells raise the possibility
that leptin may modulate insulin secretion. Exogenous leptin lowers
plasma insulin levels and in vitro, leptin suppresses insulin release in
human islet cells. There is evidence to suggest that leptin may play a role
in the pathophysiology of diabetes, possibly by suppressing insulin
secretion. Since elevated baseline insulin is associated with both diabetes
risk and elevated leptin levels, it could confound an association between

leptin levels and diabetes 7).

1.8 Glucose Regulation

Changes in serum glucose levels are a result of the following process:
release of stored glucose through hepatic glycogenolysis, and creation of
glucose from non-glucose sources through hepatic gluconeogenesis.
Glycogenolysis releases glucose through breakdown of glycogen, the
stored form of glucose, and gluconeogenesis creates glucose from amino
acid and lactate. During periods of fasting, glucose levels are regulated by
glycogenolysis and gluconeogenesis®,
The liver plays an important role in the regulation of blood glucose
levels. At time of stress or whenever blood glucose fall, the liver rapidly
releases glucose in to the blood stream, which carries it to other tissues

(e.g., brain and muscle) that cannot make glucose ®V Figure (1.6).
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Figure (1.6): schematic representation of the pathways of hepatic glucose

metabolism ©2),

The two pathways by which the liver can make glucose are
gluconeogenesis and glycogenolysis one enzyme, Glucose-6-phosphatase
(G-6-Pase),catalyzes the terminal step of both pathways ©3.The
importance of G-6-Pase in the maintenance of blood glucose levels first
became obvious in 1952 when G-6-Pase enzyme activity was shown

To be absent in patients with the severe metabolic disorder that is now
termed classical type 1a glycogen storage disease ¢4,
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1.8.1 Glucose-6-phosphatase Enzyme

Glucose-6-phosphatase  (G-6-Pase), a key enzyme in glucose
homeostasis catalyzes the terminal enzymatic step of both
gluconeogenesis and glycogenolysis by converting glucose-6-phosphate
(G-6-P) to glucose and inorganic phosphate. Inhibition of the G-6-Pase
system in the liver is expected to result in a reduction of hepatic glucose
production irrespective to hepatic glucose output ), In healthy subjects,
hepatic gluconeogenesis and glycogenolysis contribute approximately

equally to basal endogenous glucose production ©6:87),

GIucose-G-Phosphate + H,0  Glucose-6-Phosphatase > Glucose + P;

Figure (1.7): Glucose-6-phosphatase reaction 2

Glucose-6-phosphatase is most abundant in liver tissue, but also present
in kidney cells, small intestine, pancreatic isletsand at a lower
concentration in the gallbladder plays the important role of providing
glucose during starvation ©®. G-6-Pases is highly hydrophobic proteins
consist of 357 amino acid residues tightly associated with the
endoplasmic reticulum (ER) membranes. Human G-6-Pase is anchored to
the ER by 9 transmembrane helices with the amino (N) terminus in the

lumen and the carboxyl (C) terminus in the cytoplasm ©9),

19


https://en.wikipedia.org/wiki/Kidney
https://en.wikipedia.org/wiki/Small_intestine
https://en.wikipedia.org/wiki/Pancreatic_islets
https://en.wikipedia.org/wiki/Gallbladder

Chapter one: Introduction and Literature Review

1.8.2 Role of Glucose-6-Phosphatase in hepatic glucose production
and Type 2 Diabetes mellitus

Type 2 diabetes mellitus is characterized by fasting hyperglycemia and
an excessive, prolonged rise in the plasma glucose concentration after
glucose or meal ingestion. The fasting hyperglycemia has been attributed
to result mostly from an increased rate of glucose production, which
could result from an increased rate of hepatic glycogenolysis and
gluconeogenesis . The overall hepatic glucose output was an increase
by twofold and the gluconeogenesis more than threefold in patients
compare with the controls. This finding demonstrated the increased in
gluconeogenesis is the predominant mechanism responsible for increased
hepatic glucose output in patients with T2DM and it is correlated with
fasting plasma glucose level ®V .Glycogenolysis occurs within 2-6 h after
a meal in humans, and gluconeogenesis has a greater importance with
prolonged fasting. The rate of gluconeogenesis is controlled principally
by the activities of unidirectional enzymes such as phosphoenolpyruvate
carboxykinase (PEPCK), fructose-1, 6-bisphosphatase and glucose-6-
phosphatase (G-6-Pase). PEPCK catalyzes one of the rate limiting steps
of  gluconeogenesis, the conversion of oxaloacetate to
phosphoenolpyruvate (PEP), while G-6-Pase catalyzes the final step of
gluconeogenesis, the production of free glucose from glucose-6-
phosphate (G6P) ©®? Figure(1.8).
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Figure(1.8): Gluconeogenesis pathway®?,

The genes of these gluconeogenic enzymes are controlled at the
transcriptional level by hormones, mainly insulin, glucagon and
glucocorticoids 2. In both type 1 and type 2 diabetes, excessive hepatic
glucose production is a major contributor of  both fasting and
postprandial hyperglycemia ®. Enzymes that have high control strength
on hepatic glucose metabolism are potential targets for controlling
hepatic glucose balance and thereby glucose levels in type 2 diabetes ©°).
The inhibition of enzymes involved in glycogenolysis constitutes an
alternative approach to suppressing hepatic glucose production and
lowering blood glucose levels 597, Hepatic glycogen phosphorylase
(GP) and glucose-6-phosphatase (G-6-Pase) are two key enzymes in
glycogenolysis. GP catalyzes the first step of the breakdown of glycogen
to yield glucose-1- phosphate, whereas G-6-Pase catalyzes the final

reaction in hepatic glucose production Figure (1.9) ©9,
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Figure: (1.9) Pathways of glycogen metabolism in the liver.

Both enzymes have been proposed as potential targets for anti
hyperglycemic drugs for diabetes and the correlation between type 2
diabetes and glucose-6-phosphatase makes this enzyme an appealing
drug target for control of blood glucose levels as its inhibition would

directly prevent the release of free glucose into the bloodstream ©9,

1.9 Lipid Profile

Diabetes mellitus exerts some of the most profound effect on lipid
metabolism so the concentration of serum lipid (total cholesterol, HDL,
LDL, VLDL, and triglyceride) is another important index of the overall
metabolic control in diabetic patients @), Lipid abnormalities
significantly contribute to the increased risk of cardiovascular disease and
other morbidity in diabetes. There is a growing body of evidence showing
that hyperglycemia and dyslipidemia are linked to increased
cardiovascular risk @) The prevalence of dyslipidemia in diabetes
mellitus is 95% (192),
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1.9.1 Lipoproteins

The major plasma lipids are not circulating free in the blood. They are
bound to a specific protein, (apportions) to form large spherical complex
molecule called lipoprotein, which are transported through plasma. There
are three kinds of lipoproteins : high density lipoprotein (HDL) , low
density lipoprotein (LDL) ,and very low density lipoprotein (VLDL) 193,

1.9.2 Total Cholesterol (TC)

Cholesterol, a waxy substance produced by the liver and found in
certain food, is needed to make vitamin D and some hormones, builds cell
walls, and creates bile salts that help to digest fat. Cholesterol has a chief
role in pathologic processes as a factor in the genesis of atherosclerosis of
vital arteries, causing cerebrovascular, coronary, and peripheral vascular
disease. However, cholesterol is found as a chief of several lipoproteins
(HDL) @9 Figure(1.10). The serum total cholesterol is the sum of several
types of cholesterol including LDL-cholesterol, HDL-cholesterol and
VLDL-cholesterol 1%,
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Figure(1.10): Structure of Cholesterol %),
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1.9.3 High -Density Lipoprotein (HDL —Cholesterol)

High density lipoprotein is a class of lipoproteins produced by the liver
and intestines Figure(1.11). Sometimes referred to as “good cholesterol”
lipoprotein % . HDL promotes expulsion of cholesterol from peripheral
cells and, indirectly from the body thus; protecting against cardiovascular
disease. several studies of large populations have shown that the risk of
developing manifestation of ischemic heart disease is inversely related to
the serum concentration (HDL-cholesterol) 71 |n diabetic patients the
incidence of ischemic heart disease and other atherosclerosis disease is

greater than that of general population %9,
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Figure (1.11): HDL Structure 1%

1.9.4 Low —Density Lipoprotein (LDL-Cholesterol)

The role of the LDL-C in the blood is to transport cholesterol to the
peripheral tissue 19 | making it available to the tissue cells for membrane
or hormonal synthesis and for storage for later use. This type of
cholesterol is considered harmful as it transports a large amount of
cholesterol #V, The development of cardiovascular disease in Type 2
DM is often predicted by several factors which include elevated low-
density lipoprotein (LDL-C) levels 1),
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1.9.5 Very Low Density Lipoprotein Cholesterol (VLDL-C)

Very low Density Lipoprotein (VLDL) are synthesized in the liver
and transport endogenous triglyceride from the liver to other tissues ¥,
VLDL-C are hydrolyzed by the action of lipid protein lipase by this
process VLDL are converted to IDL which is removed by liver but most
have more triglyceride removed by hepatic lipase and is there by
converted into LDL Excess dietary intake of carbohydrate, saturated fatty
acids, and trans fatty acids enhances the hepatic synthesis of triglycerides
that , in turn , increases VLDL production 4,
1.9.6 Triglyceride

High triglyceride level is often associated with insulin resistance and
hypertension, producing a constellation of condition of very high risk for
macro vascular disease (metabolic syndrome). The latter reaches its full
expression in patients with type 2 diabetes: Development of insulin resistance
in type 2 diabetes may be due to alteration in the partitioning of fat between
the adiposity, muscle, and liver leading to accumulation of triglyceride in the
latter tissues with subsequent impairments of insulin action. NIDDM is
commonly associated with hypertriglyceridemia Abnormality of immune

system may be a contributor to the hypertriglyceridemia ' Figure (1.12).
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Figure (1.12): Structure of Triglyceride 119,
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Aims of the study

The current study is conducted to achieve the following:

Part one of this study

1. To find out the levels of Glucose-6-phosphatase activity and
leptin hormone in the serum of type 2 diabetic subjects and to
find out whether those levels are changed in diabetic subjects that

taking antidiabetic drugs such as (metformin and glibenclamide ).

2. To find the correlation between Glucose -6- phosphatase activity
and the serum leptin hormone, FPG and HbA1C% in four groups
under the study(control group ,newly diagnosed group

,metformin group and metformin plus glibenclamide group) .

3. To find the correlation between leptin hormone and FPG
,HOA1C% ,BMI and the serum lipid profile in four groups
under the study(control group ,newly diagnosis group ,metformin

group and metformin plus glibenclamide group) .

In part two of the study:

Binding study of Glucose-6-phophatase with antibody (biotin antibody)
in sera of newly diagnosed group ,metformin group and metformin plus
glibenclamide group and study the effect of various factors on this
binding like [Antibody concentration, enzyme concentration,

temperature and incubation time] .
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2.1 Patients and Control

Sixty-four patients with type 2 diabetes mellitus were selected
according to convenient non-random one and carried out by consecutive
pooling of diabetic patients attending the National center of Diabetes in
(AL-Mustansiria University) during the period from November 2014 to
March 2015 , with type of drug divided patients to three groups (group
one: newly diagnosed (without therapy)(23), group two: with metformin
therapy(MT.)(20); group three with metformin plus glibenclamide (MT.
plus Glib.)(21) and 20 Healthy subjects were included in the study as a
control group. Patients with renal failure, Cushing syndrome or hepatic
diseases were excluded from the study after the clinical evaluation.
Patients taking oral hypoglycemic agents other than metformin or
glibenclamide and those taking drugs that may affect the results of the
study had also been excluded. The sample for the assay were taken early
in the morning between (8.30 and 11.00 A.M) while both patient and
healthy subjects were relaxed and fasting for (12-14) hours.A careful
history was obtained from patients including age, duration of diabetes,
duration of taking treatment, family history, weight and height, type of

treatment ,other diseases and smoking.

All patients were clinically examined, Pregnant patients were not
enrolled. Evaluation of each patient is done by detecting the body mass
index (BMI), levels of fasting plasma glucose(FPG), glycated
hemoglobin HbA1c%, lipid profile , glucose-6-phosphatase activity(G-6-
Pase),and concentration of leptin hormone.
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2.2 Collection of Blood samples

From each subjects, 10 mL of blood were obtained by vein puncture,
using a 10 ml  disposable syringes. The blood sample was divided into
two aliquots; 2 & 8 ml. the first aliquot blood was dispensed in a
tube containing Ethylene Diamine Tetraacetic Acid (EDTA),this blood
mixed gently and used for HbAlc estimation, While the second aliquot
was dispensed in a plain tube and left to clot at room temperature (25
°C), and then separated by centrifuge at (3000 rpm) for (10 min) to
collect serum.

The serum was divided into two Eppendorf tubes and stored in the
deep Freeze (-20 °C) until the assay day.

Materials:
2.3 Kits and instruments:

Kits were used from different sources are listed in Table (2.1),
instruments that had been used for various measurements are listed in
Table(2.2).

Table (2-1): Kits companies, and country of manufacture.

Chemicals Suppliers

Glucose Spinreact, Spain

Glucose-6-phophatase Enzyme

ELISA Cusabio, China

Glycated hemoglobin (GHb) Infopia, Korea

HDL-Cholesterol Randox, U.K

Leptin (Sandwich) ELISA DRG Instruments GmbH, Germany

Total Cholesterol Randox, U.K

Triglyceride Randox, U.K
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Table (2.2) Instruments used and the companies supplied them.

Instruments Suppliers

Centrifuge Hittich Universal-Germany
Incubator Germany

Length scale Salter ,England

Micro ELISA system (Thermo,Germany)
(washer&reader)

Micropipettes and multichannel | Gilson, France.

Shakers Kahn Technolabo ,Italy
Spectrophotometer Cecil CE 72000,France

Timer with alarm Junghans,Germany

Weight scale Raven equipment limited,England

2.4 Methods and Biochemical Determination of BMI, FPG, HbAlc %
for the three groups T2DM and controls:-

2.4.1 Measurement of Body Mass Index (BMI) for the three groups
T2DM and controls

BMI uses a mathematical formula based on a person's height and

weight. BMI equals weight in Kilograms divided by height in square

meter (BMlng/mZ) o [WHO; and Fost] suggested that a BMI of

18.5-24.9 indicates a person of normal weight. A person with a BMI of

25-29.9 is overweight while a person with a BMI of > 30 is obese o)
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2.4.2 Measurement of Fasting Plasma Glucose (FPG) for the three
groups T2DM and controls

2.4.2.1 Principle:-
Glucose level has been evaluated according to the method of Barham and
Trindoer (1972) 9 which is based on enzymatic oxidation of glucose by
glucose oxidase to gluconate with libration of hydrogen peroxide and
then the reaction of peroxide with phenol to form quinonimine which is

detected spectrophotometrically at 505 nm according to the following

equation :-
Glucose Oxidase
Glucose + H,0 + O; » Gluconate + O, + H,0,
peroxidase
H,O,+Phenol +4 — amionantipyrin > H,O+Quinoneimine
2.4.2.2 Reagent composition:
Reagentl TRIS PH7.4 9.2 mol/L
buffer Phenol 0.3 mmol/L
Reagent2 4-aminopenazone 2.6 mmole/L
Enzymes Glucose oxidase 15000 U/L
Peroxidase 1000 U/L
Glucose aqueous primary standard 100
Glucose CAL mg/dL
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2.4.1.3 Reagent preparation:

Working reagent was prepared by dissolving the continents of one vial
R2 Enzymes in one bottle of R1Buffer. Then was capped and was mixed

gently to dissolve contents.

2.4.2.3 Procedure:
1. One ml of working reagent was placed into blank, standard and sample

tubes.

2. Ten micro liters of standard were placed into the standard tube .
3. Ten micro liters of groupl serum were placed on the sample tube.
4. Tubes were mixed and incubated for 10 min at room temperature.

5. Absorbance was read of the samples and standards against the blank at
505nm.

e Same steps mention above were repeated to determine the

concentration of FPG in group 2,group3 and control group.

2.4.2.4 Calculation:

(A)sample

(A)standard 100( standard conc.)= mg/dL .

Conversion factor: mg/dL x 0.0555= mmol/L.

N.V (FPG) =65 - 110 mg/dl =3.6 - 6.1 mmol/L .
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2.4.3 Measurement of Glycated Hemoglobin (GHb or HbALC)
for the three groups T2DM and controls

2.4.3.1 Test components
1.Cartridge.
2.Reagent pack: has 2 chambers to be inserted into the cartridge.

Chamber 1 (reagent solution)contains: 25 v/v % boronate affinity bead,

surfactant, nonreactive ingredients, buffer.

Champer 2 (rinsing solution) contains: surfactant, nonreactive

ingredients, buffer.
2.4.3.2 Procedure:

Glycosylated or glycated hemoglobin is a form of hemoglobin used
primarily to identify the average plasma glucose concentration over
prolonged periods of time @29 The CLOVER Alc system is a fully
automated boronate affinity assay for the determination of the percentage
of Hemoglobin Alc (HbA1c%) in whole blood .The CLOVER ALC test
cartridge includes a cartridge and a reagent pack. The reagent pack is pre-
filled with reagent solution and rinsing solution. The reagent solution
contains agents that lyse erythrocytes and boronate bead that binds cis
diols of glycated hemoglobin. The blood sample size of 4 uL is obtained
with the capillary tip of the reagent pack. By inserting the reagent pack
into the cartridge, the blood is instantly lysed releasing the hemoglobin
and the boronate bead binding the glycated hemoglobin

The blood sample mixture is rotated to the measurement zone of the
cartridge, whereas the amount of total hemoglobin in the blood sample is
measured by the reflectance of the photo sensor, which consists of LED
(Light Emitting Diode) and PD(Photo diode),the cartridge is then rotated
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so that the rinsing solution wash out non-glycated hemoglobin from the
blood sample, thus the amount of glycated hemoglobin can be
photometrically measured. The ratio of glycated hemoglobin with respect

to the total hemoglobin in the blood sample is calculated.

HbAlc

HbALC% = Ax [ x100] + B

Total hemoglobin

Where ‘HbAlc’ and ‘Total Hemoglobin’ are the signals obtained from
the CLOVER Alc™ Self system, ‘A’ and ‘B’ are the slope and intercept
factor to correct the value for DCCT(Diabetes Control and Complication

Trial) calibration 29,

2.5 Serum Lipid Profile Assay
2.5.1 Measurement of Serum Total Cholesterol (TC) for the three
groups T2DM and controls:-

2.5.1.1 Principle:-

Total serum cholesterol was determined to utilizing a readymade
laboratory kit for this purpose, the principle of determination was based
on the enzymatic hydrolysis. In the presence of cholesterol esterase, the
cholesterol esters in the sample are hydrolyzed to cholesterol and free
fatty acid. The cholesterol produced is oxidized by cholesterol oxidase to
Cholesterol-3-one and hydrogen peroxide is then detected by a
chromogenic oxygen acceptor, phenol aminopyrine, in the presence of

peroxidase (122123)
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Cholesterol

Cholesterol esters + H,O » Cholesterol + Fatty acid
Esterase

Cholesterol

Cholesterol + O ——» Cholestrol-3 —one + H,0,
Oxidase

Peroxidase

2H,0,+ Phenol+ 4-Amino phenazone , 4H20 + Quinonimine

The quantity of the formed red dye quinonimide is proportional to the
cholesterol concentration. The absorbance of quinonimine was read at

505 nm spectrophotometer.

2.5.1.2 Reagent composition:

Reagent 1 PIPESpH 6.9 90 mmol/L
buffer Phenol 26 mmol/L
Reagent 2 Cholesterol esterase(CHE) 300 U/L
Enzymes Chol. oxidase(CHOD) 300U/L
Peroxidase (POD) 1250U/L
4-Aminophenazone(4-Ap)
0.4 mmol/L
Cholesterol CAL Cholesterol aqueous primary
standard 200 mg/dl

2.5.1.3 Reagent preparation:

Working reagent was prepared by dissolving the continents of one vial
R2Enzymes in one bottle of R1Buffer. Then was capped and was mixed

gently to dissolve contents.
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2.5.1.4 Procedure:

1. One ml of working reagent was placed into blank, standard and

sample tubes.

2. Ten micro liters of standard were placed in to the standard tube.
3. Ten micro liters of groupl serum were placed on the sample tube.
4. Tubes were mixed and incubated for 10 min at room temperature.

5. Absorbance was read of the samples and standards against the blank at
505nm.

e Same steps mention above were repeated to determine the
concentration of cholesterol in group 2,group3 and control group.
2.5.1.5 Calculation:

(A)sample x 200(standard conc.) = mg/dL cholesterol in the sample

(A)standard

Conversation factor: mg/dL x 0.0258 = mmol/L

2.5.2 Measurement of Serum Triglyceride (TG) for the three groups
T2DM and controls:-

2.5.2.1 Principle:-

The triglycerides were determined by enzymatically hydrolyzed

glycerol and fatty acids according to the following equations:- (24

TG +3H,0 __Lipase ,. glycerol + fatty acids
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Glycerol + ATP Glycerol kinase = glycerol-3-phosphate +ADP

Glycerol-3-phosphate Glycerol-3-phosphate oxidase | dihydroxy acetone
phosphate + H,0;

2H,0, + parachlorophenol +4-amino antipyrine _Peroxidase |,
Quinoneimine +4H,0

2.5.2.2 Reagents Composition:

Reagent 1 pH 7.5 50mmol/L
Buffer p-chlorophenol 2mmol/L
Reagent 2 Lipoprtien lipase (LPL)150000 U/L
Glycerolkinase(GK) 500 U/L
Enzymes
Glycerol-3-oxidase(GP0)2500 U/L
Peroxidase (POD) 440U/L
4-Aminophenazone(4-AP)
0.1mmol/L
ATP 0.1mmol/L
Triglycerides CAL Triglycerides aqueous primary

standard 200mg/dI

2.5.2.3 Reagents Preparation:

Working reagent was prepared by dissolving the contents of one vial R2
Enzymes into one bottle of R1 Buffer, then was capped and was mixed

gently to dissolve contents .
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2.5.2.4 Procedure.

1. One ml of working reagent was placed into blank, standard, and

sample tubes.

2. Ten micro liters of standard were placed on the standard tube.

3. Ten micro liters of groupl serum were placed on the sample tube.
4. Tubes were mixed and incubated for 10 min at room temperature.

5. Absorbance was read of the samples and standard against the blank at
505nm.

e Same steps mention above were repeated to determine the

concentration of triglyceride in group 2,group3 and control group.

2.5.2.5 Calculation:

(A) sample  x200 (standard conc.) = mg/dl triglycerides in the sample
(A) standard

Conservation factor: mg/dL x 0.0113=mmol /L

2.5.3 Measurement of Serum High Density Lipoprotein-Cholesterol
(HDL-C) for the three groups T2DM and controls:-

2.5.3.1 Principle:-

Low density lipoprotein (LDL), Very Low Density Lipoprotein
(VLDL), and chylomicron fraction are precipitated quantitatively by the
addition of phosphotungstic acid which contains magnesium chloride at
pH 6.2. After centrifugation, the supernatant contains cholesterol
concentration in the HDL fraction which is determined by using
cholesterol kit (125126),
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2.5.3.2 Reagents Composition:

Reagent phosphotungstic Acid 0.55 mmol/L

Magnesium chloride 25 mmol/L

CAL standard HDL- cholesterol precipitant

standard

2.5.3.3 Procedure.

1. Five hundred micro liters of groupl serum and standard were placed in

to sample and standard tubes.
2. One ml of reagent was placed into the sample, standard tubes.

3. Tubes were mixed and incubated for 10 min at room temperature, then

were centrifuged for 10 min at 4000 rpm .

4. The supernatant within two hours was read and determine the

cholesterol content.

5. Absorbance was read at A500nm.

e Same steps mention above were repeated to determine the

concentration of HDL-C in group 2,group3 and control group.

2.5.3.4 Calculation

(A) sample  xconc. of standard= mg/dl HDL-C in the sample

(A) standard

Conversation factor: mg/dL x 0.0258 = mmol/L
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2.5.4 Measurement of Serum Low Density Lipoprotein Cholesterol
(LDL-C) for the three groups T2DM and controls:-

LDL-cholesterol is very difficult to isolate and measure.Hence, LDL

level is most usually derived by the Friedwalds formula as follows (2

LDL- cholesterol = Total cholesterol — [HDL- cholesterol + TG/2.2]

2.5.5 Measurement of Serum Very Low Density Lipoprotein (VLDL)
for the three groups T2DM and controls:-

Very low-density lipoprotein- cholesterol was estimated by using

formula of Friedwald @27

[VLDL-Cholesterol] = TG/2.2

39



Chapter Two: Samples and Methods

2.6 Determination of glucose-6-phosphatase activity in sera of three
groups T2DM and controls:

2.6.1 Quantitative determination of human glucose-6-phosphatase
(G-6-Pase) by ELISA Test:

Principle :

This assay employs the quantitative sandwich enzyme immunoassay
technique. Antibody specific for G-6-Pase has been pre-coated onto a
microplate. Standards and samples are pipettes into the wells and any
G-6-Pase present is bound by the immobilized antibody. After removing
any unbound substances, a biotin-conjugated antibody specific for
G-6-Pase is added to the wells. After washing, avidin conjugated
Horseradish Peroxidase (HRP) is added to the wells. Following a wash to
remove any unbound avidin-enzyme reagent, a substrate solution is added
to the wells and color develops in proportion to the amount of G-6-Pase

bound in the initial step. The color development is stopped and the

intensity of the color is measured.

2.6.2 Reagents

1.Standards (standard 0-7) : concentration :0, 0.78, 1.56, 3.12, 6.25, 12.5,
25,50 U/ml.

2.Biotin-antibody and Biotin-antibody Diluent.
3.HRP-avidin and HRP-avidin Diluent.
5.Substrate solution: Tetramethylbenzidine (TMB)
6.Sample Diluent.

7.Washing Buffer.

40



Chapter Two: Samples and Methods

8.Stopping Solution.

9.Adhesive strip(for 96 wells).

2.6.3 Sample preparation

Serum samples require a 4-fold dilution into Sample Diluents.
2.6.4 Procedure

1. One hundred pls of standard and serum were added per well. Covered
with the adhesive strip provided and Incubated for 2 hours at 37°C.

2. The liquid of each well was removed , without washing.

3. One hundred pls of Biotin-antibody(1x)were added to each well.
Covered with a new adhesive strip and Incubated for 1 hour at 37°C.

4. Microtiter wells were rinsed 3 times with washing solution, and strike
sharply onto absorbent paper to remove all residual water droplets.

5. One hundred pls of HRP-avidin (1x)were added to each well. Covered
the microtiter plate with a new adhesive strip and Incubated for 1 hour at
37°C.

6. The aspiration/wash process was repeated for five times as in step 4.

8. Ninty pls of TMB Substrate were added to each well and incubated
for 15-30 minutes at 37°C. (Protect from light).

9. Fifty uls of stop solution were added to each well and gently tap the
plate to ensure thorough mixing

10. The absorbance( optical density) of each well was determined within

5 minutes, using a microplate reader set to 450 nm.
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2.6.5 Calculation: The absorbance value for each set (references
standards and samples) was calculated for 450nm. A standard curve was
constructed by plotting the absorbance which were obtained from
reference standard against their activity in U/ml on linear graph paper.
Absorbance values on the vertical or Y-axis and activities on the
horizontal or X-axis.Then from standard curve the corresponding activity
of Glucose-6-phosphatase in U/ml is determined by using the absorbance
value for each sample as seen in Figure(2.1).The activity read from the

standard curve must be multiplied by the dilution factor.
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Activity of G-6-Pase (U/ml)

Figure (2.1): Standard curve of G-6-Pase determination in human sera by
ELISA.
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2.7 Determination of leptin concentration in sera of three groups
T2DM and controls:

2.7.1 Quantitative determination of leptin concentrations by(ELISA)
Test:

Principle :

The DRG Leptin ELISA Kit is a solid phase enzyme-linked
iImmunosorbent assay (ELISA) based on the sandwich principle.

The microtiter wells are coated with a monoclonal antibody directed
towards a unique antigenic site on a Leptin molecule. An aliquot of
specimen sample containing endogenous Leptin is incubated in the coated
well with a specific biotinylated monoclonal anti-Leptin antibody. A
sandwich complex is formed. After incubation, the unbound material is
washed off and a Steptavidin Peroxidase Enzyme Complex is added for
detection of the bound Leptin. Having added the substrate solution, the
intensity of colour developed is proportional to the concentration of

Leptin in the specimen sample.

2.7.2 Reagents

1.Standard (Standard 0-5),6 vials, (lyophilized), 0.5 mL;
Concentrations: 0 —2 -5 —25 — 50 — 100 ng/mL.

2.Control (Low & High), (lyophilized), 0.5 mL.

3.Assay Buffer: composed of 1 vial (11 mL).

4.Antiserum: composed of 1 vial (11 mL monoclonal biotinylated anti-
Leptin antibody).

5.Enzyme Complex: composed 1 vial (11 mL Strepavidin conjugated to
horseradish Peroxidase).

6.Substrate Solution: composed 1 vial (14 mL Tetramethylbenzidine
(TMB)).
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7.Stop Solution: composed 1 vial (14 mL contains 0.5 M H2S04).
8. Wash Solution: composed 1 vial ( 30 mL (40X concentrated)).

Reagent Preparation

1. Standards : The lyophilized contents of the standard vials with 0.5 mL
Aqua dest and let stand for 10 minutes in minimum. The vials were
mixed several times.

2. Control: The lyophilized content of each vial were reconstituted with
0.5 mL Aqua dest and let stand for 10 minutes in minimum.The control
vials were mixed several times before use.

3. Wash Solution: Deionized water was added to the 40X concentrated
wash solution,30 mL of concentrated wash was diluted with 1170 mL

deionized water to a final volume of 1200 mL.

2.7.3 Procedure

1. A volume of 15 uLs from of each standard, controls and samples with
new disposable tips were added into appropriate wells.

2. One hundred uL of Assay Buffer was added to each well thoroughly
mixed for 10 seconds and Incubated at room temperature for 120
minutes (without covering the plate).The contents of the wells were
briskly shaken out.

3. The wells were rinsed 3 times with diluted Wash Solution (300 uL per
well)and the wells were strike sharply on absorbent paper to remove

residual droplets.
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4. One hundred pL of antiserum were added to each well and incubated
for 30 minutes at room temperature. The contents of the wells were
briskly shaken out.

5. The wells were rinsed 3 times with diluted Wash Solution (300 pL per
well)and the well were strike sharply on absorbent paper to remove
residual droplets.

6. One hundred uL. of enzyme complex were added into each well and
Incubated for 30 minutes at room temperature. The contents of the wells
were briskly shaken out.

7. The wells were rinsed 3 times with diluted wash solution (300 pL per
well)and the well were strike sharply on absorbent paper to remove
residual droplets.

8. One hundred uL. of substrate solution were added to each well and
Incubated for 15 minutes at room temperature.

9. Fifty uLs of stop solution were added to each well to stop the
enzymatic reaction.

11. The absorbance (OD) of each well was measured at 450 £ 10 nm
with a micro titer plate reader. within 10 minutes after addition of the

stop solution.

2.7.5 Calculation:

The absorbance value for each set (standards, controls, and patient
samples) was calculated for 450nm.A standard curve was constructed by
plotting the absorbance which were obtained from each standard against
their concentration in ng/ml on linear graph paper. Absorbance values on
the vertical or Y-axis and concentrations on the horizontal or X-axis
.From standard curve the corresponding concentration of leptin hormone
in ng/ml is determined by using the absorbance value for each sample as

seen in Figure(2.2).

45



Chapter Two: Samples and Methods

3
2.5
— ’
E
S 2
wn
<
(]
g 15 .
(5]
2
2 1
]
< /
0.5
O /I | | | |
0 20 40 60 80 100 120
concentration of leptin (ng/ml)

Figure (2.2) Standard curve of leptin determination in human sera by
ELISA.
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2.8 Binding studies of glucose- 6- phosphatase with Biotin Antibody in
the sera of Patients with T2DM:

(2.8.1) The Effect of different concentrations of biotin Antibody on
the binding with sera G-6-Pase:

1. A volume of (50 pls) of patients’ serum (groupl) was added to
increasing volumes of biotin antibody (15, 25,50, 75 and 100 pls).

2. The wells were mixed for 10 seconds, covered with a new adhesive
strip and Incubated for 1 hour at 37°C.

3. Fifty uls of HRP-avidin were added, covered with a new adhesive strip
and Incubated for 1 hour at 37°C.

4. Forty-five uls of tetramethylbenzidine (TMB) reagent were dispensed

to each well.

5. Wells were incubated for 30 min at 37°C.

6. Twenty-five uls of stopping solution were added to each well.
7. The absorbance was read at 450 nm with a microtiter plate reader

within 5 min.

e The same steps mentioned above were followed to measure the

appropriate concentration of group2 ,group3 and control group.

Calculations

The absorbance values were plotted against the increasing

concentration of biotin antibody.
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(2.8.2) The Effect of different concentrations of sera G-6-Pase on the
binding with biotin antibody:

1. A volume of (15 nls) of biotin antibody was added to increasing
volumes of patients' serum (groupl) (15, 25, 50, 75 and 100 pls ).

2. Steps 2, 3, 4, 5,6 and 7 of the experiment (2.8.1) were repeated.

e The experiment was repeated for 75uls biotin antibody of group2

and control group.

e The experiment was repeated for 50 uls biotin antibody of group3.

Calculations

The absorbance values were plotted against the  increasing

concentration of G-6-Pase.

(2.8.3) The Effect of temperature on the binding of sera G-6-Pase
with biotin antibody:

1. A volume of 15 pls of patients’ serum (groupl) was added to 15 pls of
biotin antibody.

2. Steps 2, 3, 4, 5,6 and 7 of the experiment (2.8.1) were repeated.

3. The experiment was repeated at different temperatures (8, 23, 37,45

and 50°C).

e The experiment was repeated for 50uls of group2 and control
group serum added to 75uls of biotin antibody.
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e The experiment was repeated for 25 uls of group3 serum added

to 50uls of biotin antibody.

Calculations
The absorbance values were plotted against the different temperatures

of incubation.

(2.8.4) The Effect of incubation time on the binding of sera G-6-Pase
with biotin antibody:

1.A volume of 15 uls of patients’ serum( groupl) was added to 15 pls

of biotin antibody. The wells were incubated at 45 °C for (15, 30, 60,90,
and 120 min.).
2.5teps 2, 3, 4, 5,6 and 7 of the experiment (2.8.1) were repeated.

e The experiment was repeated with 50 pls of group2 and control

group serum added to 75 pls of biotin antibody at 37 °C.

e The experiment was repeated for 25uls of group3 serum added

to 50uls of biotin antibody at 37 °C.

Calculations

The absorbance values were plotted against the different times of

incubation.
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2.9 Statistical Analysis

Statistical analysis was performed using SPSS (Statistical Packages
for Social Sciences- version 17.1 ) and Microsoft Office Excel (Microsoft
Office Excel for windows; 2007). Data were analyzed by using One Way
Analysis of Variance (ANOVA) to calculate the p-value for healthy and
other patients groups. Student T-test was done also to compare means
between groups. Pearson test was used to test the correlation between the
assessed parameters. The results were presented as mean + standard error.
Statistical significance was considered at the level of (p <0.01) and (p <
0.05).
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3.1 Distribution of Groups

The present study included 84 subjects were divided into four groups
Groupl: newly diagnosed (without therapy) (23), group 2. with
metformin therapy (MT.)(21), group 3: with metformin plus
glibenclamide therapy (MT. plus Glib.)(20), and 20 Healthy subjects
were included in the study as a control group. Age, Duration of diabetes,
BMI, and FPG were evaluate in the Sera of Type 2 diabetic subjects and

control, the result were revealed:

3.1.1 Age

The mean age for groupl was (53.65 * 4.45) year, group2 (54.29 £
3.47) years, group3 (53.70 £ 2.69) while the mean of the control group
was (40.50 = 8.18) years. This showed significant differences in age
when comparing diabetics groups with control group. As shown in Table
(3.1).

3.1.2 Body Mass Index (BMI)

Body mass index were found to be elevated in diabetic groups under
the study. There were significant differences in BMI when comparing
diabetics groups with control group as shown in Table (3.1). This result
was in agreement with Fadhil et al (2011) who have demonstrated, that
BMI was elevated markedly in diabetic patients compared with non-

diabetic subjects 28,

3.1.3 Duration of Diabetes and duration of taking treatment

The duration of diabetes and duration of taking treatment in group2
showed a nonsignificant differences when compared with group3 as
shown in table (3.1).
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3.1.4 Level of fasting Plasma Glucose (FPG)

Table and figure (3.1) revealed that mean of FPG for groupl (newly
diagnosed),group 2 (with metformin therapy), group 3 (with metformin
plus glibenclamide therapy) and control group were (12.00 + 2.34), (6.96
+ 1.30) ,(7.70 = 1.23) and (4.67 = 0.39) respectively.The difference was
highly statistically significant between the four groups.In groupl FPG
was higher than group2 and group3 this could be due to anti-diabetic
drugs which reduce FPG. Metformin reduces blood glucose levels by
inhibiting hepatic glucose production and reducing insulin resistance,
particularly in liver and skeletal muscle ¢2%.Glibenclamide enhancing
insulin secretion from the pancreas blocking hepatic glucose production
and reduce glucose levels 439, There was a nonsignificant difference
between group2 and group3 This result was in agreement with Marwan
M. (2013) who have demonstrated that there were a nonsignificant
differences between fasting glucose of metformin treated group and those

treated by a combination therapy of metformin plus glibenclamide @3,

Table (3.1) Clinical characteristics of three groups diabetic patients
and control group.

Parameters Mean + SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. plus
diagnosed Glib.
Age (years) 40.50 £ 53.65 + 54.29 + 53.70 £ 0.0001*
8.18 445a 347b 2.69 ¢
BMI (Kg/m?) 23.16 = 27.15 + 25.98 £ 26.38 + 0.0025*
2.87 3.66 a 3.37Db 3.89¢c
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Duration of 3.09+£1.03 | 3.38+1.08 | 0.4030
diabetic (years)
Duration of 214+104| 270£1.11 | 0.1059
taking
treatment(years)
FPG(mmole/L) | 4.67 £0.39 12.00 + 6.96 +1.30 | 7.70+£1.23 | 0.0001*
2.34a bd

*significant using ANOVA test at 0.05 level of significance.

a) indicate significant difference between control and Groupl.

b) indicate significant difference between control and Group?2.

¢) indicate significant difference between control and Group3.

d) indicate significant difference between Groupl and Group?2.

e) indicate significant difference between Groupl and Group3.

f) indicate significant difference between Group2 and Group3.
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Figure (3.1):The level of FPG in three groups diabetic patients and
control group.
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3.2 Level of Glycated Hemoglobin (HbA1c%) in the Sera of Type 2
diabetic subjects and control

Table and figure (3.2) showed that the mean of glycated
hemoglobin was found to be statistically significant (p<0.05) in
groupl,group2 and group3 when compared with control group. The
HbAlc % level in groupl (newly diagnosed group) which do not take any
type of anti-diabetic drugs has been statistically significant elevated as
compared with those diabetic in group2 (with metformin therapy) and
group3 (with metformin plus glibenclamide therapy). This result was in
agreement with  Krishna et al (2015) who have demonstrated that anti-
diabetic drugs such as metformin and glibenclamide produced a
significant decrease in HbAlc % levels compared to pre-treatment values
(132) On the other hand, there was a non significant difference between
group2 and group3 this result is agree with Marwan (2013) who have
demonstrated that there were a nonsignificant differences in HbAlc %
levels between metformin treated group and those treated by a

combination therapy of metformin plus glibenclamide 3V,

Table(3.2) : Mean values of HbA1c% in three groups diabetic
patients and control group.

Parameter Mean = SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. plus
diagnosed Glib.
HBAlc % 435+063 | 939+124 | 740+£1.84 7.09+1.02 | 0.0001*
a bd ce

*significant using ANOVA test at 0.05 level of significance.
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Figure (3.2):The level of HbA1c% in three groups diabetic patients

and control group.

3.2 Lipid profile in the Sera of Type 2 diabetic subjects and control
3.3.1 Cholesterol

Table and figure (3.3) below showed that mean cholesterol was
found to be statistically significant(p<0.05) in groupl(newly diagnosed
group) when compared with control group, This result was in agreement
with Al-Naama et al (2010) who found that patients with T2DM have
significantly higher serum concentrations of cholesterol 33 . Groupl
showed a nonsignificant differences when compared with group2 and
was a significant difference when compared with group3, so this result
found that using metformin plus glibenclamide treatment showed a
favorable effect on cholesterol than using metformin alone. A non-
significant differences was observed in group2 (with metformin therapy)
and group3 (with metformin plus glibenclamide therapy) when compared
with control group This results in agreement with Reyadh et al (2012)
who found that use of metformin / glibenclamide combination or

metformin alone in the treatment of T2DM maintained cholesterol levels
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closer to normal levels and in combination therapy serum TC level was

lower than metformin used alone 139,

Table(3.3) : Mean values of serum cholesterol in three groups
diabetic patients and control group.

Parameter Mean + SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. plus
diagnosed Glib.
Cholesterol 406+089 | 513+£1.15 | 445+1.44 | 3.78+1.29 | 0.0029*
(mmole/L) a e

*significant using ANOVA test at 0.05 level of significance.

Cholestrol concentration mean (mmole/L)
w

5.13

Studied groups

W Control group

B Groupl
[ Group2
B Group3

Figure (3.3): Serum cholesterol in three groups diabetic patients and

control group.

56




Chapter Three: Results and Discussion

3.3.2 Serum Triglyceride

Table and figure (3.4) below showed that mean triglyceride was
found to be significantly elevated (p<0.05) in groupl(newly diagnosed
group) when compared with control group this result in agreement with
Attalah (2007) who found increase level of serum triglycerides in diabetic
patients, which could be due to the increase of hepatic triglyceride
synthesis®®.Group2(with  metformin  therapy) and group3(with
metformin plus glibenclamide therapy) showed a non-significant
differences when compared with groupl and control group these results
were in agreement with Kassim (2011) who found that metformin and
glibenclamide therapies produces a non-significant favorable effect on

serum triglyceride 39,

Table(3.4) : Mean values of serum triglyceride in three groups
diabetic patients and control group.

Parameter Mean = SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. plus
diagnosed Glib.

Triglyceride 1.36+£0.45 | 209+0.97 | 1.64+0.71 1.81+0.58 | 0.0111*

(mmole/L) a

*significant using ANOVA test at 0.05 level of significance.
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Figure (3.4):Serum Triglyceride in three groups diabetic patients and
control group.
3.3.3 Serum High Density Lipid (HDL)

The results of serum high density lipoprotein for three groups
diabetics and control group as shown in table and figure (3.5) revealed
that mean HDL-C was found to be significantly different (p<0.05) in
diabetic patients in three groups when compared with control group. Type
2 diabetes is characterized by low HDL cholesterol (HDL-C) and HDL
dysfunction @, The precise cause of the low HDL-C in type 2 diabetes is
not known but may be the consequence of insulin resistance, augmented
very low density lipoprotein production and increased activities of
cholesteryl ester transfer protein and hepatic lipase. ®3®. Group2(with
metformin therapy) and group3(with metformin plus glibenclamide
therapy) showed a non-significant differences when compared with
groupl this result was in agreement with Cagatay et al (2011) who found
that using metformin as a mono therapy or combination with
glibenclamide in type 2 diabetics produce a non-significant effect on
HDL-C (139).
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Table(3.5) : Mean values of Serum HDL-C in three groups diabetic

patients and control group.

Parameter Mean + SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. plus
diagnosed Glib.
HDL(mmole/L) | 1.40+£0.31 | 1.08+0.16 | 1.21+0.19 | 1.11+£0.17 | 0.0001*
a b C

*significant using ANOVA test at 0.05 level of significance.
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Figure (3.5): Serum HDL-C in three groups diabetic patients and

control group.
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3.3.4 Serum Low Density Lipid (LDL)

The results of serum low density lipoprotein for groupl and group2
diabetic patients was found to be significantly different (p<0.05) when
compared with control group. Singh and Kumar (2011) found that the
level of LDL significantly higher in type 2 diabetics @49, Increased
elimination of lipids and apolipoproteins from VLDL particles results in
the increased production of intermediate density lipoprotein (IDL) and
LDL ®4D.Groupl showed a nonsignificant differences when compared
with group2 and show a significant difference when compared with
group3, so this result found that using metformin plus glibenclamide
treatment showed a favorable effect on LDL than using metformin alone.
Dailey et al (2002) found that combination therapy of metformin and
glibenclamide shows a favorable effect on LDL-C levels and closer to

that of non diabetic subjects 42,

Table (3.6) : Mean values of Serum LDL-C in three groups diabetic

patients and control group.

Parameter Mean + SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. Plus
diagnosed Glib.

LDL(mmole/L) | 1.80+0.47 | 298+0.89 | 2.57+1.22 1.82+1.27 | 0.0003*

a b e

*significant using ANOVA test at 0.05 level of significance.
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Figure (3.6): Serum LDL-C in three groups diabetic patients and

control group.

3.3.5 Very Low Density Lipoprotein (VLDL)

The results of serum very low density lipoprotein for three groups
diabetic and control group as shown in table and figure (3.7) revealed that
mean VLDL-C in groupl(newly diagnosed group) was found to be
significantly elevated (p<0.05) when compared with control group. This
result was in agreement with Petrovic et al (2010) who showed a
significant elevation in VLDL-C when compared diabetic patients with
controls. This may be due to insulin resistance has striking effects on
lipoprotein size and subclass particle concentrations for VLDL and that
lead to increased hepatic secretion of VLDL-C in type 2 diabetic patients
(143) " Comparing group2(with metformin therapy) and group3(with
metformin plus glibenclamide therapy) with the control group showed a
non significant differences this result was in agreement with Reyadh et

al (2012) who found a nonsignificant difference between metformin and
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metformin plus glibenclamide

group 134,

treated groups compared with control

Table(3.7) : Mean values of serum VLDL-C in three group diabetic
patients and control group.

Parameter Mean = SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. Plus
diagnosed Glib.
VLDL 0.618+0.09 | 095+0.19a| 0.745+0.14 | 0.818+0.12 | 0.0111*
(mmole/L)

*significant using ANOVA test at 0.05 level of significance.
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Figure (3.7): Serum VLDL-C in three groups diabetic patients and

control group.
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3.4 Leptin Hormone in Type 2 Diabetic Patients and NonDiabetic
Counterparts

Table (3.8) showed that mean of leptin concentration and BMI was
found to be elevated in diabetic patients as compared with control group,
and the differences were statistically significant (p<0.05). These results
are similar to the observation of Fadhil et al (2011) who stated that serum
leptin concentration and BMI was found to be elevated in diabetic
patients as compared to non-diabetic subjects ®?® figure (3.8) showed that
mean of leptin concentration was found to be elevated in diabetic
patients as compared with control group.The elevated leptin level in
T2DM could be contributed to:

Leptin concentration is modulated by weight gain and loss in adult
humans. Obesity is strongly associated with the development of T2DM.
The adipose-derived hormone, leptin has been implicated in the
regulation of body weight and energy homeostasis. Circulating leptin
concentrations reflect the amount of adipose tissue in the body (144149,
and as we knowing the strong relationship between T2DM and obesity so
the elevated leptin might be due to increased body mass index. In type 2
diabetic patients, insulin levels were elevated duo to insulin resistance
and that may be stimulate leptin expression/ release (46147 Wauters et al
(2003) found that insulin secretion and the degree of insulin resistance

contribute significantly to leptin levels 49,
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Table (3.8) mean distribution of leptin in type 2 diabetic patients and
nondiabetic counterparts.

Parameters Mean + SD P-value
Control group(N=20) Diabetic group(N=64)

Leptin (ng/ml) 5.73 + 2.80 17.10 + 8.30 0.0001*

BMI (Kg/m?) 23.16 £ 2.87 26.52 + 3.62 0.0003*

*Significant difference using student’s t-test for comparing between two independent means at 0.05

level of significance
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Figure (3.8): mean distribution of serum leptin concentration in

type 2 diabetic patients and non diabetic counterparts.

Table and figure (3.9) showed the mean leptin concentration of the

studied groups dividing them according to anti-diabetic therapy in groupl

(newly diagnosed group) was found to be significantly elevated at

(P<0.05) as compared with group2 and group3 that treated with anti-

diabetic drugs. Many studies have demonstrated that taking oral anti-

diabetic drugs change the serum leptin concentration in type 2 diabetes

(77,78 In the present study, serum leptin concentration was significantly

lowered in metformin treated group compared with metformin plus
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glibenclamide treated group this indicate that metformin mono therapy
affects the level of leptin more than metformin combination therapy. This
result was in agreement with Taqua et al (2011) who reported that the use
of metformin alone in diabetic patients for 90 days have significantly
decreased serum leptin levels by about 40.6% 149, Also, the treatment of
diabetic subjects with different doses of metformin significantly
decreases the serum levels of leptin after 3 months treatment compared to
baseline value 5, Metformin plus Glibenclamide treated group showed
the highest level of leptin than metformin treated group. The increase in
leptin levels was related to the change in insulin levels caused by
glibenclamide. This observation is in agreement with Haffner et al (1991)
who show that glibenclamide caused an increase in leptin level parallel to
the change in insulin levels @39, In 30 patients with type 2 diabetes
mellitus, Bhattacharya et al (2008) showed a significant elevation in
leptin level after treatment with glibenclamide for 10 weeks
(152) Glibenclamide correct hyperglycemia by stimulating insulin secretion
(153)_Insulin stimulates the secretion of leptin, which explains the elevated

level of leptin by sulphonylureas (glibenclamide) 54,

Table(3.9) : Mean values of serum Leptin in three groups diabetic
patients and control group.

Parameter Mean £ SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. Plus
diagnosed Glib.

Leptin (ng/ml) | 5.73+2.80 | 21.67 +5.89 | 12.07 +6.77 | 17.14+9.31 | 0.0001*
a bd cef

*significant using ANOVA test at 0.05 level of significance.
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a) indicate significant difference between control and Groupl.
b) indicate significant difference between control and Group?2.
c) indicate significant difference between control and Group3.
d) indicate significant difference between Groupl and Group2.

e) indicate significant difference between Groupl and Group3.

f) indicate significant difference between Group2 and Group3.
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Figure (3.9): Serum Leptin concentration in three groups diabetic

patients and control group.

3.5 Glucose-6-phosphatase Activity in Type 2 Diabetic Patients and
NonDiabetic Counterparts

Table and figure (3.10) showed that mean G-6-Pase activity and
FPG was found to be elevated in diabetic patients compared with control
group, and the differences were statistically significant (p<0.05).
A characteristic feature of type 2 diabetes is increased endogenous
glucose production, largely due to increased hepatic glucose production
(HGP) %9, During fasting, hepatic gluconeogenesis is the primary source

of endogenous glucose production and the major enzyme responsible for
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the regulation of gluconeogenesis is glucose-6-phosphatase °%, Common
final pathway of glucose release involves the dephosphorylation of
glucose via glucose-6-phosphatase (G-6-Pase) %", Hundal et al (2000)
found that increased rate of glucose production in the diabetic subjects
could be attributed to an increased rate of gluconeogenesis ®%®. So our
study found that G-6-Pase activity is increased, thereby leading to an
increase in endogenous glucose production (EGP) in patients with type 2
diabetes and, therefore FPG will increase .This result agree with Clore J.
et al (2000) who found that hepatic G-6-Pase activity determined from
freshly isolated microsomes was significantly increased in the type 2
diabetic patients compared with the control subjects and rates of
endogenous glucose production (EGP) were increased in the diabetic

patients and were closely correlated with fasting plasma glucose 59,

Table (3.10) mean distribution of G-6-Pase and FPG in type 2

diabetic patients and nondiabetic counterparts.

Parameters Mean + SD P-value
Control group(N=20) Diabetic group(N=64)
G-6-Pase 30.90 + 13.52 61.99 +43.41 0.0023*
(U/ml)
FPG(mmole/L) 4.67 +0.39 9.00 £ 2.85 0.0001*

*Significant difference using student’s t-test for comparing between two independent means at 0.05

level of significance
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Figure (3.10): mean distribution of G-6-Pase activity and FPG
concentration in type 2 diabetic patients and nondiabetic

counterparts.

3.6 Glucose-6-phosphatase Activity in the Studied Groups Dividing

them According to anti-diabetic therapy

Table and figure (3.11) showed that mean G-6-Pase activity and FPG
concentration were found to be elevated in groupl (newly diagnosed
group) when compared with group2 (with metformin therapy), group3
(with metformin plus glibenclamide therapy) and control group, and the
differences was statistically significant (p<0.05) .There were a
nonsignificant difference between treated groups and control. Abnormally
high liver glucose-6-phosphatase occurs in poorly controlled or untreated
diabetes mellitus ®9.Some previous studies showed that metformin
therapy was normalized glucose-6-phosphatase activity in diabetic rats
(161)  Kolawole and Akanji (2014) revealed that in vivo G-6-Pase
activity of diabetic rats was significantly increased compared to that of
non-diabetic control and treatment of diabetic rats with metformin for 28
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days caused a significant decrease in the activity of G-6-Pase compared

to diabetic control %2 Hundal

et al (2000) found that metformin

treatment in the diabetic human decreased rates of glucose production

through a reduction in the rate of gluconeogenesis . This results

revealed that using metformin as mono therapy or combination with

glibenclamide reduce hepatic glucose production by reducing G-6-Pase

activity leading to decrease FPG levels in type 2 diabetic patients.

Table(3.11) mean values of G-6-Pase activity and FPG in three

groups diabetic patients and control group.

Parameter Mean + SD P-value
Control Groupl Group 2 Group 3
group
Newly MT. MT. plus
diagnosed Glib.
G-6-Pase(U/ml) 30.90 £ 113.95 + 31.35+ 34.44 £14.94 | 0.0001*
13.52 25.22 a 13.47d e
FPG(mmole/L) | 4.67+0.39 | 1200+2.34 | 6.96 +1.30 7.70£1.23 | 0.0001*
a bd ce

*significant using ANOVA test at 0.05 level of significance.

a) indicate significant difference between control and Groupl.

b) indicate significant difference between control and Group2.

c) indicate significant difference between control and Group3.

d) indicate significant difference between Groupl and Group?2.

e) indicate significant difference between Groupl and Group3.

f) indicate significant difference between Group2 and Group3.
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Figure (3.11) : levels of G-6-Pase activity in three groups diabetic

patients and control group.

3.7 Correlation Between serum G-6-Pase Activity and other variable
3.7.1 G-6-Pase and Age:

There were no significant correlations observed in table (3.12)
between G-6-Pase activity and age in diabetic patients (groupl,group2
andgroup3)(r=0.171,p>0.05),(r=0.341,p>0.05),(r=0.412,p>0.05)
respectively, and in control group (r=0.112, p >0.05).

3.7.2 G-6-Pase and BMI:

There were no significant correlations between G-6-Pase activity
and BMI in diabetic patients ( groupl,group2 and group3)
(r=0.251,p>0.05) , (r=-0.167,p>0.05), (r=0.054,p>0.05) respectively, and
in control group ~ (r=0.281, p >0.05).As shown in table (3.12).
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3.7.3 G-6-Pase and Duration of Diabetes and duration of taking

treatment:

There were no significant correlations between G-6-Pase activity
and duration of diabetes in diabetic patients (group2 and group3) (r=-
0.072,p>0.05) ,(r=-0.164,p>0.05) respectively. In duration of taking
treatment there was a non-significant correlation with G-6-Pase in group2
(r=-0.122,p>0.05) and group3 (r=-0.267,p>0.05) as shown in table
(3.12).

3.7.4 G-6-Pase and FPG:

There were positive significant  correlations between G-6-Pase
activity and FPG in diabetic patients (groupl, group2 and group3)
(r=0.658,p<0.01) ,(r=0.604,p<0.01), (r=0.600,p<0.05) respectively, and
non-significant correlation in control group (r=0.421, p>0.05).As shown
in table (3.12) and figures (3.12a)(3.12b)(3.12c). The present study
found that when G-6-Pase activity is increased in patients with type 2
diabetes the endogenous glucose production will increased and therefore
FPG will increased. Clore J. et al (2000) found that hepatic G-6-Pase
activity was significantly increased in the type 2 diabetic patients and
rates of EGP were increased in the diabetic patients and were closely

correlated with fasting plasma glucose %9,

3.7.5 G-6-Pase and HbA1c% :

There were positive significant correlations between G-6-Pase
activity and  HbAlc % in  groupl (r=0.511,p<0.05) and
group2(r=0.446,p<0.05) , and non significant correlations in group3
(r=0.430, p >0.05) and control group (r=0.322, p >0.05) .As shown in
table (3.12) and figures (3.13a)(3.13b). This result found that increasing
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G-6-Pase activity will increase the concentration of glucose in the blood

and that will increase the long-term glycemic control(HbA1c%).

3.7.6 G-6-Pase and Leptin hormone:

There were no significant correlations between G-6-Pase activity
and leptin in diabetic patients ( groupl,group2,group3) (r=0.009,p>0.05)
,(r=-0.153,p>0.05), (r=-0.026,p>0.05) respectively, and in control group

(r=-0.171, p >0.05). As shown in table (3.12).

Table (3.12) Correlation coefficient between G-6-Pase and study

parameters.
Parameters Control Groupl Group 2 Group 3
group
Newly MT. MT. Plus
diagnosed Glib.
Age(years) 0.112 NS 0.171 NS | 0.341 NS 0.412 NS
BMI(kg/ m?) 0.281 NS 0.251 NS | -0.167 NS | 0.054 NS
Duration of -0.072 NS 0.164 NS
diabetic(years)
Duration of -0.122 NS | -0.267 NS
taking
treatment(years)

FPG(mmole/L) 0.421 NS 0.658** 0.604** 0.600**
HBAlc % 0.322 NS 0.511* 0.466* 0.430 NS
Leptin(ng/ml) -0.171 NS 0.009 NS | -0.153 NS | -0.026 NS

* (P<0.05) ,**(P<,0.01) , NS: Non-significant.
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Figure(3.12a) : The correlation between G-6-Pase (U/ml) and FPG

(mmole/L) in groupl.
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Figure(3.12b) : The correlation between G-6-Pase (U/ml) and FPG
(mmole/L) in group?2.
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Figure(3.12c) : The correlation between G-6-Pase (U/ml) and FPG

(mmole/L) in group3.
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Figure(3.13a) : The correlation between G-6-Pase (U/ml) and HbAlc %
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3.8 Correlation Between serum Leptin hormone and other variable

3.8.1 Leptin and Age:

There were no significant correlations observed in table (3.13)
between leptin hormone and age in diabetic patients (groupl,group2,
group3) (r=-0.015,p>0.05), (r=-0.134,p>0.05), (r=-0.304,p>0.05)
respectively, and in control group (r=-0.302, p >0.05).

3.8.2 Leptin and BMI:

There were positive significant  correlations between leptin
hormone and BMI in diabetic patients( groupl,group2 ,group3)
(r=0.465,p<0.05) ,(r=0.445,p<0.05), (r=0.531,p<0.05) respectively, and
non-significant correlation in control group (r=0.295, p >0.05).As shown
in table (3.13) and figures (3.14a)(3.14b)(3.14c). In the present study, a
significant positive correlation was found between serum leptin level and
BMI, which was in agreement with many other studies (Pandey et al
2015, Mahmood et al 2013 , Buyukbese et al 2004) (163164165 Jeptin is
secreted by the adipose tissue in proportion to adipose mass therefore its

circulating levels increase with weight gain and decrease with weight loss

(166)

3.8.3 Leptin and Duration of Diabetes and duration of taking

treatment :

There were no significant correlations between leptin hormone and
duration of diabetes in group2 (r=0.317,p>0.05) and group3
(r=0.054,p>0.05) . In duration of taking treatment there was positive
significant correlation between leptin hormone and duration of taking
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treatment in group2 (r=0.449,p<0.05) and non-significant correlation
(r=0.075,p>0.05) in group3 as shown in table (3.13).

3.8.4 Leptin and FPG:

There were no significant correlations between leptin hormone and
FPG in diabetic patients( groupl,group2 and group3) (r=0.285,p>0.05) ,
(r=-0.394, p <0.05) ,(r=-0.174,p>0.05) respectively ,and in control group
(r=-0.262, p <0.05 ) as shown in table (3.13). This results were in
agreement with Chen C. et al (2003) and Mahmood et al (2013) who
found nonsignificant correlations between leptin hormone and FPG in

diabetic patients (67:164),
3.8.5 Leptin and HbA1c% :

There were positive significant correlation between leptin hormone
and HbAlc % in groupl (r=0.442, p <0.05 ) .And a non significant
correlation in group2,group3 and control group (r=-0.243,p>0.05) ,(r=-
0.013,p>0.05), (r=-0.124, p <0.05) respectively as shown in table (3.13)
and figure (3.15).

3.8.6 Leptin and Serum Lipid Profile:

There were no significant correlations between leptin hormone and
cholesterol, triglyceride, HDL-C and LDL-C in diabetic patients groups
and control group as shown in Table(3.13).This result agrees with Hsu
C. et al (2008) who found a non-significant correlations between leptin
and lipoprotein in patients having Type 2 diabetes for more than one

year and taking anti-diabetic therapy for more than 6 months (169),
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Table (3.13) Correlation coefficient between Leptin and study

parameters.
Parameters Control Groupl Group 2 Group 3
Group Newly MT. MT. Plus
diagnosed Glib.
Age (years) -0.302 NS -0.015 NS -0.134 NS -0.304 NS
BMI (kg/ m?) 0.295 NS 0.465 * 0.445 * 0.531*
Duration of 0.317 NS 0.054 NS
diabetic(years)
Duration of 0.449 * 0.075 NS
taking
treatment(years)
FPG(mmole/L) -0.262 NS 0.285 NS -0.394 NS -0.174 NS
HBAlc % -0.124 NS 0.442* -0.243 NS 0.013 NS
G-6-Pase(U/ml) -0.171 NS 0.009 NS -0.153 NS -0.026 NS
Cholesterol -0.082 NS -0.184 NS 0.149 NS 0.358 NS
(mmole/L)
Triglyceride 0.213 NS 0.024NS 0.273 NS -0.131 NS
(mmole/L)
HDL(mmole/L) -0.391 NS -0.106 NS 0.085 NS 0.370 NS
LDL(mmole/L) -0.035 NS 0.077 NS 0.142 NS 0.253 NS

* (P<0.05),**(P<0.01) , NS: Non-significant.
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Figure(3.14b) : The correlation between leptin (ng/ml) and BMI (Kg/m2)
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3.9 Binding studies of Glucose-6-Phosphatase with Biotin
Antibody in the sera of Patients with T2DM:

The factors that affect the binding between Glucose- 6-Phosphatase
and biotin antibody in the sera of Groupl (newly diagnosed), group2
(with metformin therapy),group3 (with metformin plus glibenclamide)

and control group were evaluated, the result revealed:

3.9.1 The Effect of Different Concentrations of biotin Antibody on
the binding with sera G-6-Pase:

The binding of the antigen to its antibody is an equilibrium reaction.
This experiment was carried out to determine the appropriate
concentration of biotin antibody that gives the highest Antibody-Antigen
(Ag-Ab) complex formation:

Fixed amounts of the sera of patients with type 2 DM and control group

(50uls) were incubated with increasing volume of biotin antibody (15, 25,

50, 75 and 100uls) for (1hour) at 37 °C. The results are illustrated in
Figure (3.16 a).
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Figure (3.16 a): Effect of Different volumes of biotin antibody on the
Binding with G-6-Pase.

Groupl have the high level of G-6-Pase while group2 and group3
have slightly higher or normal level of G-6-Pase. It is obvious that the
OD of the binding of group2, group3, and control group was risen by
increasing the amount of biotin antibody and then was saturated at
(75uls) in group2 and control group,(50 uls) in group3, while in groupl
appeared to be saturated at (15 pls).

3.9.2 The Effect of Different Concentrations of sera G-6-Pase on the
binding with biotin antibody:

One of the factors that affect the binding of antibody-antigen
reaction is the concentration of the enzyme in sera(Antigen).Increasing
concentrations of G-6-Pase in increasing volumes of sera containing
(15, 25, 50, 75 and 100uls) were incubated with a fixed amount of biotin
antibody(15 uls of groupl),(75 uls of group2 and control group),(50 uls

of group3 ) for 1 hours at 37 0C.Groupl have the high level of G-6-Pase
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while group2 and group3 have slightly higher or normal level of G-6-
Pase. Therefore antibody- combining sites saturated at (15uls) groupl,(50
uls) in group2 and control group,(25 wls)in group3. Figure (3.16 b) shows
the maximal binding of the antibody with G-6-Pase in the four different

groups.

If the number of antibodies- combining sites is significantly greater
than the antigen binding sites [Ab] >>>[ Ag], then enzyme binding sites
are quickly saturated by the antibody before the cross- linking can occur
and the formation of small Ab - Ag complexes of the composition Ab -
Ag result. When antibody is in moderate excess [Ab] > [Ag], the
probability of cross- linking of enzyme by antibody is more likely to
occur, a large complex formation is favored. When enzyme is in great

excess, large complexes would be (Ag), Ab ¢,

The results obtained in these experiments were used in all the subsequent

experiments.
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Figure (3.16 b): Effect of Different volumes of G-6-Pase on the
Binding with biotin antibody.
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2.9.3 The Effect of Temperature on the Binding of sera G-6-Pase with
biotin antibody:

Figure (3.16 c) shows the result of this analysis. It shows that in
groupl A maximal binding was obtainment at 45 °C.In group2, group3

and control group a maximal binding was obtainment at 37 °C. In all
groups, OD increased as temperature expanded until it reached a

maximum value then dropped gradually after that.

07 —@—Groupl —@—Group2 Group3 —@— Control group

0.6 /\
0.4 \

%./—ﬁ\:
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0.1

0 10 20 30 40 50 60

Tempreture

Figure (3.16 c): Effect of different temperature on the binding of G-6-
Pase with biotin antibody.

It seems that the loss of the binding activity when temperature was
raised may be due to the fact that dissociation rates show a greater
increase with temperature than association rates, giving a higher affinity
constant at a lower temperature, rise in temperature also leads to thermal
denaturation of protein enzyme molecule @™ or it may be due to the
irreversible dissociation of the Antibody-Antigen complex (% The
results obtained in these experiments were used in all the subsequent

experiments.
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2.9.4 The Effect of Incubation Time on the Binding of sera G-6-Pase
with biotin antibody:

The experiment was carried out at different time intervals (15-120
minute). As shown in Figure (3.16 d) In all groups, OD increased when

incubation time expanded, the optimal binding occurred within 90

minutes at 45 "C in groupl, 60 minutes at 37 °Cin group2, group3, and

control group.

Groupl Group2 Group3 Control group
0.7

0.6
0.5
0.4

0.3

OD(450nm)

0.2

0.1

0 20 40 60 80 100 120 140

Incubation time(minute)

Figure (3.16 d): Effect of different incubation time on the binding of
G-6-Pase with biotin antibody.

It seems that increased the binding activity when incubation time was
raised may be due to the fact that sensitivity increased with a longer
incubation time "9 .Groupl have the higher level of G-6-Pase so it needs
more time to give maximum binding allowing the enzyme to be

completely saturated with the antibody until it reaches to optimum time.
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Conclusions and Recommendation

4.1 Conclusions:

From this study, the following conclusions can be drawn:
In part one of the study

1. The levels of G-6-Pase activity and leptin hormone are found to be
significantly higher in diabetic patients compared with healthy control
group and found to be significantly higher in a newly diagnosed group
when compared with metformin group, metformin plus glibenclamide

group and control.

2. Using metformin as mono therapy or combination with glibenclamide

can reduce FPG and HbA1c% levels in type 2 diabetic patients.

3. Metformin monotherapy reduced leptin levels more than metformin

combination with glibenclamide in type 2 diabetic patients.

4. G-6-Pase activity and leptin hormone can be used as an indicator for

the choice of treatment in those diabetic patients.

5. Metformin alone produce a non-significant favorable effect on all
lipids profile parameters while metformin plus glibenclamide showed a

significant reduction in TC and LDL-C.

85



Conclusions and Recommendation

In part two of the study

The effect of various factors on the binding study like [Antibody
concentration, enzyme concentration, temperature and incubation time]
were found different values for three groups diabetics and control as

shown in table below .

Factors SO, Groupl Group2 Group3
group
Concentration 75 UL 15 ul 75 L 50 UL
of biotin H H H H
Concentration
of enzyme 50 uL 15 ulL 50 uL 25 ul
G-6-Pase
Temperature 37°C 45°C 37°C 37°C
Incubation time 60 mints 90 mints 60 mints 60 mints
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4.2 Recommendations

1. Glucose-6-Phosphatase activity and leptin hormone can be used as

an indicator for the choice of treatment in type 2 diabetic patients.
2. Study Glucose-6-Phosphatase activity in typel diabetic subjects.

3. Study the gene expression of Glucose-6-Phosphatase enzyme in type 2

diabetic patients.

4. Evaluation of other clinical markers such as adiponectin, resistin,
visfatin and others that are secreted from the adipose tissue and their

correlations with T2DM.

87



References



References

[1] American Diabetes Association, (2014), Diagnosis and
Classification of Diabetes Mellitus, Diabetes Care, 37(1), S81-
S90.

[2] Rothe K., (2007), Diabetes Treatment-Bridging the Divide,
The New England Journal of Medicine , 356 (15), 1499-501.

[3] American Diabetes Association, (2015), Classification and
Diagnosis of Diabetes, Diabetes Care, 38(1), S8- S16.

[4] Jane L., M.Sue K., Lori M., Anne L., (2014), Type 1 Diabetes
through the Life Span: A Position Statement of the American
Diabetes Association, Diabetes Care, 37(7), 2034- 2054.

[5] Tom L., Ken T., Matthias G., (2011), Type 1 Diabetes:
Etiology, Immunology, and Therapeutic Strategies, Physiological
Review, 91, 79-118.

[6] Nowotny K., Jung T., H6hn A., Weber D., Grune T., (2015),
Advanced glycation end products and oxidative stress in type 2
diabetes mellitus , Biomolecules, 5(1), 194-222.

[7] Akter H., (2014), Review on Diabetics and anti-diabetic drugs,

Asian Journal of Pharmaceutical Technology & Innovation, 2 (4),
1-16.

88



References

[8] American Diabetes Association, (2003), Report of the Expert
on the Diagnosis and classification of Diabetes Mellitus, Diabetes
Care, 26(1), S5-S20.

[9] American Diabetes Association, (2009), Diagnosis and
classification of Diabetes Mellitus, Diabetes care, 32(1), S62-S67.

[10] Thomas C., Philipson L., (2015), Update on diabetes classification,
Medical Clinics of North America, 99(1), 1-16.

[11] Ali 1., Rémi R., Stuart R., (2013), Targets for Glycemic
Control, Canadian Journal of Diabetes , 37, S31-S34

[12] American Diabetes Association,(2013), Standards of medical
care-2013, Diabetes Care ,36 (1), S11-S66.

[13] Kay-Tee K., Nicholas W., Robert L., Sheila B., Suzy O.,
Ailsa W., Nicholas D. , (2001) , Glycated haemoglobin , diabetes ,
and mortality in men in Norfolk cohort of European prospective
investigation of cancer and nutition (EPIC-Norfolk), British
Medical Journal , 322 , 1-6.

[14] Robert S., Michael J., Clyde Z., H. Franklin B., (1980), Sites
of non- enzymatic glycosylation of human hemoglobin A., Journal
of Biological Chemistry, 255(7), 3120-3127.

89


https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiCgvDiyODLAhXpPZoKHZIwBm8QFggaMAA&url=http%3A%2F%2Fwww.medical.theclinics.com%2F&usg=AFQjCNFvK4r7gHB4uRbi7ke_Vu7TiaTHRw&sig2=ZwzrhNjFxI9BV_7XZrn4Qw&bvm=bv.117868183,d.bGs

References

[15] Curt L., Randier R., Hsiao-Mei W., Jack D., Richa M.,
Maureen 1., Katherine M., Mark S., David E., (2000), Use of
GHb (HbAlc) in Screening for undiagnosed diabetes in the
U.S.population , Diabetes Care ,23(2), 187-191.

[16] Patel P., Macerollo A., (2010), Diabetes mellitus: diagnosis
and screening, diabetes, 81(7), 863-870.

[17] Motala A., Esterhuizen T., Gouws E., Pirie F.,, Omar M.,
(2008) , Diabetes and other disorders of glycemia in a rural South
African community : Prevalence and associated risk factors,
Diabetes Care, 31(9), 1783-1788.

[18] Bartoli E., Fra G. P., Schianca G. C., (2011) , The oral
glucose tolerance test (OGTT) revisited , European journal of
internal medicine, 22(1), 8-12.

[19] Maskey R., Shakya D. R., Sharma S. K., Karki P., Lavaju P.,
Baranwal J. K., (2013) , Comparison of complications in diabetic
outpatients with or without mental illness, Indian Journal of
Endocrinology and Metabolism , 17(1), S313-S315.

[20] Misuzu F., Koichi U., Akira H., (2009) , Effect of obesity
on incidence of type 2 diabetes declines with age among Japanese
women , Experimental Biology and Medicine , 234(7), 750- 757.

90



References

[21] Miranda P., Lidewij H., Liesbeth C., Symone B., Giel N.,
Danielle R. (2009) |, Family history of diabetes: exploring
perceptions of people at risk in the Netherlands , Preventing
Chronic Disease , 6(2), 1-8.

[22] Chen L., Magliano D. J., Zimmet P. Z., (2012), The
worldwide epidemiology of type 2 diabetes mellitus—present and
future perspectives , Nature Reviews Endocrinology, 8(4), 228-
236.

[23] Hasniza Z., Vishaaliny P., Nor B., Management of
Severe/Acute Hyperglycemia in Hospitalised Type 2 Diabetes
Mellitus Patients, (2013), Journal of Endocrinology and Diabetes
Mellitus, 1(1), 9-14.

[24] Francisco J .Winter P.Limin P.Theodore M ., Shadi S,
Christopher N.,Dawn S., Marcos T.Pedram A., Guillermo E.,
(2015) , A randomized controlled trial comparing treatment with
oral agents and basal insulin in elderly patients with type 2
diabetes in long-term care facilities, BMJ Open Diabetes Research
and Care, 3(1) , 1-6.

[25] Savage M., Dhatariya K., Kilvert A., Rayman G., Rees J,
Courtney C., Hilton L., Dyer P.., Hamersley M., (2011) , Joint
British Diabetes Societies guideline for the management of
diabetic ketoacidosis, Diabetic Medicine , 28(5), 508-515.

91



References

[26] Florent F.,Meritxell S., Sandra G., Frank A., Ulrike G,
(2014) ,Incidence of Lactic Acidosis in Patients With Type 2
Diabetes With and Without Renal Impairment Treated With
Metformin: ARetrospectiveCohort Study , Diabetes Care , 37(8) ,
2291-2295 .

[27] Al-Sinani S., Al-Mamari A., Woodhouse N., Al- Shafie O., Amar
F., Al-Shafaee M., Hassan M., Bayoumi R., (2014) , Complications and
Associated Conditions among Omani Type 2 Diabetes Patients at Sultan
Qaboos University Hospital, Muscat, Oman, Journal of Family Medicine

,1(3),1-6.

[28] Kohei K., (2010), Pathophysiology of Type 2 Diabetes and Its
Treatment Policy, Japan Medical Association Journal , 53(1), 41-46.

[29] Jaana L., Pirjo L., Markku P., Sirkka A., Johan G., Katri H.,
Helena H., Pirjo H., Sirkka K., Mauri L., Anne L., Marjo M.,
Merja P.,Jouko S., Timo T., Matti U., Jaakko T., (2006) |,
Sustained reduction in the incidence of type 2 diabetes by life
style intervention:follow —up of the Finnish diabetes prevention
study, Lancet , 368(9548) , 1673-1679.

[30] Dariush M., Aruna K., Mercedes C., Luc D., Kenneth J.,
David S., (2009) , Life style risk faction and new-Onset Diabetes
mellitus in older adults , Archives of Internal Medicine , 169(8),
798-807.

92


https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=2&cad=rja&uact=8&ved=0ahUKEwid0MTMz-DLAhWDB5oKHQH1DV0QFggjMAE&url=http%3A%2F%2Fwww.jfmpc.com%2F&usg=AFQjCNF7epKxmfiKV48JpxlPTQdmCt_gVg&sig2=1WPMK-n_MpFMC7BOYEH5LQ
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjZlZ-q0ODLAhXiApoKHX0NBaoQFggeMAA&url=http%3A%2F%2Fwww.ncbi.nlm.nih.gov%2Fpmc%2Fjournals%2F2241%2F&usg=AFQjCNFn5CHWaH5NWwcAFU7nXQ_wr1aoOA&sig2=QctrOCXm89dymYHnnY5grg

References

[31] Bo-abbas Y., Brousseau V., Louria D., Benjamin S., Valdez
R., Vinicor F., Knowler W., (2002) , Reduction in incidence of
type2 diabetes with life style intervention or metformin , The New
England Journal of Medicine , 346(6) , 393-403.

[32] Ogden C. L., Carroll M. D., Flegal K. M., (2014), Prevalence
of obesity in the United States, Journal of the American Medical
Association, 312(2), 189-190

[33] Mohan K., (2013), Effect of ethanolic extract of Hibiscus cannabinus
leaf on high cholesterol diet induced obesity in female albino rats, Asian

Journal of Pharmaceutical and Clinical Research, 6(4), 65-67.

[34] Kenneth S., Ploinsky M., (2012) , The past 200 years in
diabetes, New England journal of medicine , 367(14) , 1332-1340.

[35] American Diabetes Association, (2015), 12. Management of
Diabetes in Pregnancy, Diabetes Care, 38(1) , S77-S79.

[36] Begum F., Shamim K. M., Nazma N., Khairuzzaman A. K.
M., (2015), Identification of predisposing factors and medical
conditions associated with the type 2 diabetes mellitus in Bengali
males, Northern International Medical College Journal, 6(2),68-
69.

[37] Sunita S., (2011), The Genetics of Type 2 Diabetes Mellitus:
A Review, Journal of Scientific Research, 55, 35-48.

93


https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjNpJve0eDLAhWqAJoKHZ5FCW4QFggbMAA&url=http%3A%2F%2Fajpcr.com%2F&usg=AFQjCNEFAXMfQTyzNBsdYSOediRWknh7_g&sig2=AwvXsAwF50sxgA50BpLwIw
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=0ahUKEwjNpJve0eDLAhWqAJoKHZ5FCW4QFggbMAA&url=http%3A%2F%2Fajpcr.com%2F&usg=AFQjCNEFAXMfQTyzNBsdYSOediRWknh7_g&sig2=AwvXsAwF50sxgA50BpLwIw

References

[38] Hopper J., (1999), Is typell (Non-Insulin Dependent)
Diabetes Mellitus not so genetic after all, Diabetologia, 42(2),
125-127.

[39] Dowsc G., Zimmet P., (1993), The thrifty genotype in non
insulin dependent diabetes, British Medical Journal, 306(6877),
532-533

[40] Valeriya L., Anna J., Peter A., Nicolo P.,, Bo I, Tiinamaija
T., Goran B., David A., Peter N., Leif G. , (2008) , Clinical risk
factors, DNA Variants , and the development of type2 diabetes |,
The New England journal of Medicine , 359(21), 2220-32.

[41] Pamela C., Champ R., Harvy, F., (2010), Lipincotts
Illustrated Reviews, Biochemistry, 5 " ed., J.B. lipincott company,
Philadelphia, p (269-70).

[42] Irons B. K., Minze M. G., (2014), Drug treatment of type 2 diabetes
mellitus in patients for whom metformin is contraindicated, Diabetes,
Metabolic Syndrome and Obesity , 7, 15-24.

[43] American Diabetes Association, (2006), Standards of medical
care in diabetes-2006, Diabetes Care, 29 (1), S4-S42.

94


http://www.ncbi.nlm.nih.gov/pubmed/10064090

References

[44] Nief R., Farha K. (2012), Spectrophotometric
determination of metformin hydrochloride via oxidative coupling
reaction with 1-naphthol in pharmaceutical and environmental

water sample, Iragi National Journal of Chemistry,46, 161- 170.

[45] American Diabetes Association, (2014), Standards of medical
care in diabetes—2014, Diabetes Care, 37 (1), S14-S80.

[46] Benoit V., Guigas B., Sanz N., Leclerc J.,, Foretz M.,
Andreelli F., (2012) , Cellular and molecular mechanisms of
metformin: an overview , Clinical Science (Lond) , 122(6) , 253-
270

[47] Andreja M., (2010) , Metformin-more than ‘GOLD
STANDARD’ in the treatment of type 2 diabetes mellitus
Diabetologia Croatica , 39(3) ,95-104.

[48] Verspohl E. J., (2012) , Novel pharmacological approaches to
the treatment of type 2 diabetes , Pharmacological reviews, 64(2),
188-237.

[49] Dale S., Kathryn M., Alan D., (2009) , Current strategies for

the inhibition of hepatic glucose production in type 2 diabetes
Frontiers in bioscience , 14(3) , 1169-1181.

95



References

[50] Natali A., Ferrannini E., (2006) , Effects of metformin and
thiazolidinediones on suppression of hepatic glucose production
and stimulation of glucose uptake in type 2 diabetes: a systematic
review, Diabetologia, 49(3), 434-441.

[51] Yuan L, Ziegler R , Hamann A. , (2003), Metformin
modulates  insulin  post-receptor  signaling  transduction  in
chronically insulintreated Hep G2 cells , Acta Pharmacologica
Sinica , 24(1) , 55-60.

[52] Ashokkumar N., Pari L., (2005) , Effect of N-benzoyl-D-
phenylalanine and metformin on carbohydrate metabolic enzymes
In neonatal streptozotocin diabetic rats , Clinica Chimica Acta ,
351(1), 105-113.

[53] Guigas B., Detaille D., Chauvin C., Batandier C., De Oliveira
F., Fontaine E., Leverve X. (2004), Metformin inhibits
mitochondrial ~ permeability  transition and cell death: a
pharmacological in vitro study , Biochemical Journal , 382, 877-
884.

96



References

[54] Kalra S, Aamir A., Raza A, Das A., Azad A., Shrestha D., Qureshi
F., Fariduddin M., Pathan M., Jawad F., Bhattarai J., Tandon N.,
Somasundaram N., Katulanda P., Sahay R., Dhungel S., Bajaj S.,
Chowdhury S., Ghosh S., Madhu S., Ahmed T., Bulughapitiya U., (2015)
, Place of sulfonylureas in the management of type 2 diabetes mellitus in
South Asia: A consensus statement , Indian Journal of Endocrinology and
Metabolism, 19(5) , 577-596.

[55] Christina L., (2010), Sulfonylurea pharmacogenomics in Type 2
diabetes: the influence of drug target and diabetes risk polymorphisms,

Expert Review of Cardiovascular Therapy, 8(3), 359-372.

[56] Hirst J. A., Farmer A. J., Dyar A., Lung T. W. C., Stevens R. J.,
(2013), Estimating the effect of sulfonylurea on HbAlc in diabetes:a

systematic review and meta-analysis, Diabetologia, 56(5), 973-984.

[57] Del Prato S., Pulizzi N., (2006), The place of sulfonylureas in
the therapy for Type 2 diabetes mellitus , Metabolism , 55(1) ,
S20-S27.

[58] Gamal A., Gamal M., (2014) , Assessment of the
Physicochemical  Properties and In  Vitro Dissolution  of
Glibenclamide Tablets Marketed in Saudi Arabia , Dissolution
Technologies , 21(4) , 61-66 .

97


https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwic3a6w1ODLAhVmQJoKHQTNCmoQFggbMAA&url=http%3A%2F%2Fwww.ijem.in%2F&usg=AFQjCNG30NhKqD4NUpP6SUYJhofdv2xr4A&sig2=oY8lzdfdhHlCNvwpygNU5A
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwic3a6w1ODLAhVmQJoKHQTNCmoQFggbMAA&url=http%3A%2F%2Fwww.ijem.in%2F&usg=AFQjCNG30NhKqD4NUpP6SUYJhofdv2xr4A&sig2=oY8lzdfdhHlCNvwpygNU5A
https://www.google.iq/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwilvrnV1ODLAhXEE5oKHVG_BGkQFggbMAA&url=http%3A%2F%2Fwww.tandfonline.com%2Ftoc%2Fierk20%2Fcurrent&usg=AFQjCNECC3ndpUCrB-RTFNiQ_PQqDSgmuQ&sig2=MoLEZRTSDc-FNXO9mTRnWw

References

[59] Nabil A., (2014), Derivative Spectrophotometric and HPLC
Validated Methods for Simultaneous Determination of Metformin and
Glibenclamide in Combined Dosage Form, Orient Journal of Chemistry,
30(4) , 1507-1516 .

[60] Daniele S., Luca R., Gian P., Pamela M., Marcello B.,
Roberto M., Francesca C., Gian Paolo F., Ettore B., Giuseppe D.
,(2015), Sulfonylureas and their use in clinical practice , Archives
of Medical Science, 11(4) , 840-848.

[61] Kramer W., Miuller G., Geisen K.,(1996), Characterization of
the molecular mode of action of the sulfonylurea, glimepiride, at
beta-cells, Hormone and Metabolic Research , 28(9) , 464-468.

[62] Gore M., Darren K.,(2011), Resolving drug effects from class
effects among drugs for type 2 diabetes mellitus: more support for
cardiovascular outcomes assessment,  European Heart Journal
32(15):1832-1834.

[63] Rashid A., Ahmad M., Minhas M. U., Hassan I. J., Malik M.
Z., (2014), Pharmacokinetic  studies of metformin  and
glibenclamide in normal human volunteers , Pakistan journal of

pharmaceutical sciences, 27(1), 153-159.

98



References

[64] Tosi F., Muggeo M., Brun E., Spiazzi G., Perobelli L.,
Zanolin E., Moghetti P., (2003) , Combination treatment with
metformin and glibenclamide versus single-drug therapies in type
2 diabetes mellitus: a randomized, double-blind, comparative
study, Metabolism, 52(7), 862-867..

[65] Lamos E., Stein S., Davis S., (2012) , Combination of
glibenclamide-metformin HCI for the treatment of type 2 diabetes

mellitus , Expert opinion on pharmacotherapy, 13(17), 2545-2554.

[66] Mohapatra D., Sasmal P. K., Priyadarsini N., Devi, E.,Panda
P., (2014), LEPTIN-IT’S ROLE IN ENERGY HOMEOSTASIS
, International Journal of Current Research and Review, 6(21), 21-
25.

[67] Friedman J. M., (2011), Leptin and the regulation of body
weight, The Keio journal of medicine, 60(1), 1-9.

[68] Sasaki T., (2015), Age-associated weight gain, leptin, and
SIRT1: a possible role for hypothalamic SIRT1 in the prevention
of weight gain and aging through modulation of leptin sensitivity,

Frontiers in endocrinology , 6, 109, 1-10.

[69] Rabe K., Lehrke M., Parhofer K., Broedl U., (2008),
Adipokines and insulin resistance, Molecular medicine, 14(11-
12), 741-751.

99



References

[70] Meek T. H., Morton G. J., (2012) , Leptin, diabetes, and the
brain, Indian  journal of endocrinology and metabolism, 16(3),
S534-S542

[71] Myers M., Leibel R., Seeley R., Schwartz M., (2010),
Obesity and leptin resistance: Distinguishing cause from effect,
Trends Endocrinology Metabolism, 21(11) , 643-651.

[72] Das P., Bhattacharjee D., Bandyopadhyay S. K,
Bhattacharya G.,Singh R., (2013), Association of obesity and
leptin with insulin resistance in type 2 diabetes mellitus in Indian
population, Indian Journal of Physiology and Pharmacology,
57(1) , 45-50.

[73] Fadoua G., Leon C.d., Ferid M., Mohsen S., Nebil A., (2015),
Leptin, Insulin and Lipid Profiles in Obese Subjects with and
without Metabolic Syndrome in the Region of Cap-Bon: Tunisia |,

Endocrinology and Metabolic Syndrome , 4(3), 193.

[74] Burcelin R., Kamohara S., Li J., Tannenbaum G., Charron M.
J., Friedman J., (1999), Acute intravenous leptin infusion
increases glucose turnover but not skeletal muscle glucose uptake
in ob/ob mice, Diabetes, 48(6), 1264-1269.

100



References

[75] Haynes W., Sivitz W., Morgan D., Walsh S., Mark, A,
(1997),Sympathetic  and  cardiorenal  actions of leptin
Hypertension, 30(3) , 619-623.

[76] Zuo H., Shi Z., Yuan B., Dai Y., Wu G., Hussain A., (2013) ,
Association  between serum leptin concentrations and insulin
resistance: a population-based study from China, PLoS One , 8(1),
e54615.

[77] Shimizu H., Tsuchiya T., Sato N., Shimomura Y., Kobayashi
l.,  Mori M., (1998), Troglitazone reduces plasma leptin
concentration but increases hunger in NIDDM patients, Diabetes
care, 21(9), 1470-1474.

[78] Ciaraldi T., Kong A., Chu N., Kim D., Baxi S., Loviscach
M., Plodkowski R.,Reitz R., Caulfield M., Mudaliar S., Henry
RR.,(2002), Regulation of glucose transport and insulin signaling
by troglitazone or metformin in adipose tissue of type 2 diabetic
subjects , Diabetes, 51(1), 30-36.

[79] Fischer S., Hanefeld M., Haffner S.M., Fusch C,,
Schwanebeck U., Kéhler C., Julius U., (2002) , Insulin-resistant
patients with type 2 diabetes mellitus have higher serum leptin
levels independently of body fat mass , Acta diabetologica, 39(3),
105-110.

101


http://www.ncbi.nlm.nih.gov/pubmed/?term=Plodkowski%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11756319
http://www.ncbi.nlm.nih.gov/pubmed/?term=Reitz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=11756319
http://www.ncbi.nlm.nih.gov/pubmed/?term=Caulfield%20M%5BAuthor%5D&cauthor=true&cauthor_uid=11756319
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mudaliar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=11756319

References

[80] Aronoff S., Berkowitz K., Shreiner B., Shreiner B., Want
L., (2004), Glucose metabolism and regulation: beyond insulin
and glucagon. Diabetes Spectrum, 15(3), 183-190.

[81] Robert C., (1985), Fine tuning of blood glucose

concentrations , Trends in biochemical Science , 10 (2) , 70-75.

[82] Ann B., (1990), Molecular pathology of glucose-6-
phosphatase, The FASEB Journal, 4(12), 2978-29.

[83] Saima S., (2013), The potential effect of vanadium
compounds on glucose-6-phosphatase , Bioscience Horizons , 6 ,
1-11.

[84] Gerty T., Carl F.,(1952), Glucose-6-phosphatase of the liver
in glycogen storage disease, Journal of Biological Chemistry ,199
(2), 661-667.

[85] Arun K., Bhattacharya S., Nithya S.,(2011), Design,
Synthesis and  Glucose-6-Phosphatase  Inhibitory  Activity  of
Diaminoguanidine Analogues of 3-Guanidinopropionic Acid and
Amino Substituted (Pyridin-2-Yl)thiourea Derivatives ,  Journal
of Pharmaceutical Science and Research , 3(1), 896-902.

102



References

[86] Boden G., Carbohydrates and the liver. In Textbook of
Hepatology: From Basic Science to Clinical Practice, 3rd ed.,
Rodés J., Benhamou J.P., Blei A.T., Reichen J., Rizzetto M., Eds.,
Blackwell Publishing: Malden, MA, USA, 2007,pp. 129-133.

[87] Gastaldelli A., Miyazaki Y., Pettiti M., Buzzigoli E.,
Mahankali S.,Ferrannini E., DeFronzo R.A.,(2004), Separate
contribution of diabetes, total fat mass, and fat topography to
glucose production, gluconeogenesis, and glycogenolysis, The
Journal of  Clinical Endocrinology and Metabolism , 89(8),
3914-3921.

[88] Emile V., Isabelle G., (2002), The glucose-6-phosphatase
system , Biochemical Journal , 362, 513-532.

[89] Abhijit G., Jeng-Jer S., Chi-Jiunn P., Mao-Sen S., Janice Y.,
(2002) , The Catalytic Center of Glucose-6-phosphatase, The
Journal of Biological Chemistry, 277(36), 32837—-32842.

[90] Bogardus C., Lillioja S., Howard B. V., Reaven G., Mott D.,
(1984), Relationships between insulin secretion, insulin action,
and fasting plasma glucose concentration in nondiabetic and
noninsulin-dependent  diabetic  subjects, Journal ~ of  Clinical
Investigation, 74(4), 1238-1246.

103



References

[91] Agostino C., Nurjahan N., Fabio C., John G.,(1989) |,
Predominant role of gluconeogenesis in increased hepatic glucose
production in NIDDM, Diabetes ,38(5), 550-557.

[92] Postic C., Dentin R., Girard J., (2004) , Role of the liver in
the control of carbohydrate and lipid homeostasis , Diabetes &
metabolism, 30(5), 398-408.

[93] O'Brien R., Granner D. K., (1996). Regulation of gene
expression by insulin, Physiological Reviews, 76(4), 1109-1162.

[94] Taylor S. 1., (1999), Deconstructing type 2 diabetes, Cell,
97(1), 9-12.

[95] Katy J., Victoria A., Rick A., Debra C., Helen L., Heather J.,
Susan A., lan D., Brendan L., Matthew P., Loranne A.,(2004),
Stimulation of hepatocyte glucose metabolism by novel small

molecule glucokinase activators , Diabetes, 53(3), 535-541.

[96] Jung U. J., Lee M. K., Park Y. B., Kang M. A., Choi, M. S.,
(2006) , Effect of citrus flavonoids on lipid metabolism and
glucose-regulating enzyme mRNA levels in type-2 diabetic mice
, The international journal of biochemistry & cell biology, 38(7),
1134-1145.

104



References

[97] Agius L., (2007), New hepatic targets for glycaemic control
in diabetes. Best Practice & Research Clinical Endocrinology &
Metabolism, 21(4), 587-605.

[98] Onda K., Suzuki T., Shiraki R., Yonetoku Y., Negoro K.,
Momose K., Katayama N., Orita M., Yamaguchi T., Ohta M.,
Tsukamoto S., (2008), Synthesis of 5-chloro-N-aryl-1H-indole-2-
carboxamide derivatives as inhibitors of human liver glycogen
phosphorylase  a, Bioorganic &  medicinal  chemistry, 16(10),
5452-5464.

[99] Parker J. C., (2004), Glucose-6-phosphatase inhibitors, Drugs
of the Future, 29(10), 1025-1033.

[100] Merkovska L., Jedlickova L., Jackova L., Fedacko 1J.,
Jarcuska P., Janicko M., Pella D., (2014) , Combinatonor
Individual Lipid-Lowering Therapy-What Is The Right Direction,

Journal of Cardiovascular Diseases and Diagnosis , 2(3),157.

[101] Georg P., Ludvik B., (2000), Lipids and diabetes, Journal of
clinical and basic cardiology, 3(3), 159-162.

[102] Khursheed M., Bikha R., Syed Z., Tarachand D., Thanwar
D.,.Samar R., Naseem M., (2011), Lipid profile of patients with
diabetes mellitus (a  multidisciplinary  study), World  Applied
Sciences Journal, 12(9), 1382-1384.

105



References

[103] Maki K. C., Dicklin M. R., Davidson M. H., Mize P. D., Kulkarni,
K. R., (2012), Indicators of the atherogenic lipoprotein phenotype
measured with density gradient ultracentrifugation predict changes in
carotid intima-media thickness in men and women. Vascular health and

risk management, 8, 31-38.

[104] Klein S., Romijn J.A.,(2012) , Obesity , In Kronerberg
H.M., Meimed S., Polonsky K.S ., Larsen P.R., eds Williams
Textbook of Endocrinology , 4th ed ., Oxford ,Saunders elsevier
Co., pp1563-64.

[105] Contois J.H.,, Warnick G.R., Sniderman A.D.,(2011),
Reliability of low-density lipoprotein  cholesterol, non-high
density lipoprotein cholesterol, and apolipoprotein B

measurement, Journal of Clinical Lipidology ,5(4), 264-272.

[106] Pfrieger F. W., Ungerer N., (2011) , Cholesterol metabolism
in neurons and astrocytes, Progress in lipid research, 50(4), 357-
371.

[107] Jasim N., (2014), Biochemical Study of E3 SUMO-Protein
Ligase NSE2 (NSMCE2) and Other Parameters in Patients with

Atherosclerosis, Thesis of biochemistry, Sci., Baghdad University

106



References

[108] Michael D. R., Ashlin T. G., Buckley M. L., Ramji D. P.,
(2012) , Macrophages, lipid metabolism and gene expression in
atherogenesis: a therapeutic target of the future , Clinical
Lipidology , 7(1), 37-48.

[109] Stephen F., Joseph A., Hugo A., Frederick F. ,(1993),
Factors that influence outcome in diabetic subjects with
myocardial infarction, Diabetes Care, 16(12), 1615-1618.

[110] Fletcher B., Berra K., Ades P., Braun L. T., Burke L. E.,
Durstine J. L., Winston, M., (2005), Managing Abnormal Blood
Lipids, American Heart Association , 112(20), 3184-3209.

[111] Carl A., Ashwood E., (2010) ,Textbook of clinical

chemistry and Molecular Diagnostics , 5™ ed , Elsevier, USA.

[112] Brunzell J. D., Davidson M., Furberg C. D., Goldberg R. B.,
Howard B. V., Stein J. H., Witztum J. L., (2008), Lipoprotein
management in patients with cardiometabolic risk: consensus conference
report from the American Diabetes Association and the American
College of Cardiology Foundation, Journal of the American College of
Cardiology, 51(15), 1512-1524.

[113] Gibbons G. F., Wiggins D., Brown A. M., Hebbachi A. M.,

(2004), Synthesis and function of hepatic very-low-density
lipoprotein, Biochemical Society Transactions, 32(1), 59-64.

107



References

[114] Griffin B. A., Packard C. J., (1994), Metabolism of VLDL
and LDL subclasses, Current opinion in lipidology , 5(3), 200-
206.

[115] O’Keefe J. H., Bell D. S. (2007), Postprandial
hyperglycemia/hyperlipidemia (postprandial dysmetabolism) is a
cardiovascular risk factor, The American journal of
cardiology, 100(5), 899-904.

[116] David K.,(1995),Fatty acids, triglyceride structure, and lipid
metabolism, The Journal of Nutritional Biochemistry ,6(4),172-
178.

[117] World Health Organization WHO (2011), Implementing
National  Diabetes  Programs.  Geneva, Switzerland: WHO

Technical Report Series.

118. Frost L., Hune L. J., Vestergaard P., (2005) , Overweight and
obesity as risk factors for atrial fibrillation or flutter: the Danish
Diet, Cancer, and Health Study , The American journal of
medicine, 118(5), 489-495.

[119] Barham D., Trindoer P., (1972), An Improved Color
Reagent from The Determination of Blood Glucose by The
Oxidation System, Analyst , 79(151), 142-145.

108


http://www.sciencedirect.com/science/journal/09552863

References

[120] Ohlfing C.L., Wiedmeyer H. M., Little R. R., (2002), The
relationship between plasma glucose and HbAlc, Diabetes Care, 25, 275-
278.

[121] Pradhan AD, Rifai N, Buring JE, Ridker PM.,(2007), Hemoglobin
Alc predicts diabetes but not cardiovascular disease in nondiabetic

women , American Journal of Medicine , 120, 720-727.

[122] Vassault A., (1986), determination of cholesterol in blood
oxidase, Annales de biologie Clinque ,44, 686-688.

[123] Allain C., Poon L.S., Chan C.S.G., Richmond W., Fu P.C,,
(1974), Enzymatic Determination of  Total Serum Cholesterol |,
Clinical chemistry , 20(4) , 470-475.

[124] Klotzsch S. G., Namara J. R., (1990), Triglyceride
Measurments, a Review of Methods and Interferences, Clinical
Chemistry , 36, 1605-1613.

[125] Burstien M., Scholnick H. R., Morfin R., (1970) , Rapid

method for the isolation of lipoproteins from human serum by
precipitation with polyanions , lipid research , 11, 583-595.

109



References

[126] Fiancis S., Green span, David G., Garduer, (2001), Basic and
clinical endocrinology , 6" ed , chapter 20, disorder of lipoprotein
metabolic: Mary J., malloy M. D., John P., Kane M. D. :7230.

[127] Friedwald W. T., Levy R. I, Fredrickson D. S., (1972),
Estimation of the concentration of low density lipoprotein cholesterol in
plasma without use of ultracentrifuge , Clinical Chemistry , 18 , 499-
502.

[128] Fadhil J., Ammar G.,Tarig H., (2011) , Effects of Type-2
Diabetes Mellitus on Serum Leptin, Insulin, Interlukin-8, and
Lipid Profile , Karbala Journal of Medicine , 4(1) ,1011-1018.

[129] Alkhalaf F., Soliman A.T., De Sanctis V., (2014) , Metformin
Use in Adolescents: Old and New Therapeutic Perspectives, Journal of
Diabetes & Metabolism , 5(12) ,472.

[130] Ibrahim R., (2010), Diabetes mellitus type IlI: review of oral
treatment  options, International Journal of Pharmacy and
Pharmaceutical Sciences , 2(1), 21-30.

[131] Marwan M., (2013) , Effect of metformin, glibenclamide
and insulin on lipid profile in type 2 diabetic patients Tikrit
Journal of Pharmaceutical Sciences ,9(2), 262-269.

110



References

[132] Krishna K. C. M., Sowmya B., Mamata B.,Naidu M. P.,
(2015) , Effects of Glibenclamide and Glimepiride Compared in
Type Il DM Patients in Accordance with Lipid Parameters, ESF
and Glycated Haemoglobin , British Journal of Applied Science
& Technology, 10(3) , 1-10.

[133] Al-Naama L., Ajlan S., Mahmood M.,(2010), Evalution of
lipid and lipoprotein profile in patients with type 2 diabetes , The
Medical Journal Basra university , 28(1), 28-32.

[134] Reyadh H., (2012), Effects of Metformin, Glyburide and
their Combination on Lipid Profile in NIDDM Patients , Medical
Journal of Babylon, 9(4), 936-945.

[135] Attalah S. , (2007) , Markers for side complications a
moung diabetic mellitus patients , ph. D. thesis, Department of

Natural Science and life , Algeria university.
[136] Kassim S., (2011), Comparative effect of Metformin and

Glibenclamide on Lipid profile in type 2 Diabetic Patients ,Tikrit
Journal of Pharmaceutical Sciences, 7(1), 50-64.

111



References

[137] Fadini G. P., lori E., Marescotti M. C., de Kreutzenberg S.
V.,Avogaro A., (2014) , Insulin-induced glucose control improves HDL
cholesterol levels but not reverse cholesterol transport in type 2 diabetic
patients, Atherosclerosis,235(2), 415-417.

[138] Barter P. J., (2011), The causes and consequences of low levels of
high density lipoproteins in patients with diabetes, Diabetes &
metabolism journal, 35(2), 101-106.

[139] Cagatay P., Susleyici-Duman B., Alasya H., Ipbuker A.
(2009), Effects of oral antidiabetic drugs over lipid parameters in
Turkish type 2 diabetes patients, Acta Medica Academica, 38(2),
77-85.

[140] Singh G., Kumar A., (2011) , Relationship among HbAlc and
lipid profile in Punajbi type 2 diabetic population, Journal of Exercise
Science and Physiotherapy, 7(2) , 99-102.

[141] Goldberg 1. J., (1996), Lipoprotein lipase and lipolysis:
central roles in lipoprotein metabolism and atherogenesis, Journal
of lipid research, 37(4), 693-707.

112



References

[142] Dailey G. E., Mohideen P., Fiedorek, F. T., (2002), Lipid effects
of glyburide/metformin tablets in patients with type 2 diabetes mellitus
with poor glycemic control and dyslipidemia in an open-label extension
study, Clinical therapeutics, 24(9), 1426-1438.

[143] Petrovic J., Maldenovic M., Djukic A., Sipetic S., (2010),
Lipid profile in type 2 diabetic patients in Kragujevac , Endocrine
Abstracts. 22, P262.

[144] Rosenbaum M., Leibel R. L., (2014), Role of Ileptin in
energy homeostasis in humans, Journal of Endocrinology, 223(1),
T83-T96.

[145] Van Gaal L.F., Wauters M.A., Mertens 1.L., Considine
R.U., De Leeuw 1.H.,(1999), Clinical endocrinology of human
leptin , International Journal of Obesity, 23(1), 29-36.

[146] De Vos P., Guerre-Millot M., Leturque A., Girard J., Staels
B., Auwerx J., (1995), Transient increase in obese gene
expression after food intake or insulin administration, Nature ,377
, 527-529.

113



References

[147] Wabitsch M., Jensen P.B., Blum W.F., Christoffersen C.T.,
Englaro P., Heinze E., Rascher W.Teller W., Tomgqgvist H.,
Hauner  H., (1996) Insulin  and  cortisol  promote
leptinproductionin cultured human fat cells. Diabetes ,45(10) |,
1435-1438.

[148] Wauters M., Considine R. V., Yudkin J. S., Peiffer F., De
Leeuw I., Van Gaal L. F. (2003) , Leptin levels in type 2 diabetes:
associations with measures of insulin resistance and insulin

secretion , Hormone and metabolic research , 35(2), 92-96.

[149] Taqua A., Ban H., Khalid I.,, Saad A.,(2011), Effects of
glibenclamide, metformin or their combination on the correlation
between serum leptin levels with glycemic control and insulin
levels in type 2 DM , Journal of Pharmaceutical and Biomedical
Sciences , 1(2) , 23- 28.

[150] Kadhim K.A., Ismael D.K., Khalaf B.H., Hussein K.I.,
Zalzala M.H., Hussain S.A., (2012), Dose-dependent relationship
between serum metformin levels and glycemic control, insulin
resistance and leptin levels in females newly diagnosed with type
2 diabetes mellitus, Journal of Diabetes Mellitus, 2, 179-185.

114



References

[151] Haffner S.M., Hanefeld M., Fischer S., (1991) ,
Glibenclamide but not acarbose, increases leptin concentrations
parallel to changes in insulin in subjects with NIDDM, Diabetes
Care, 20(9), 430-434.

[152] Bhattacharya S.K., Madan M., Hahajan P., Paudel K.R.,
Rauniar G.P., Das B.P., Roy R.K., (2008), Relationship between
plasma leptin and plasma insulin level in type 2 diabetic patients
before and after treatment with glibenclamide and glimepiride,

Indian Journal of Physiology and Pharmacology , 52(1), 43-52.

[153] Lebovitz H.E., (2002),Treating hyperglycemia in type 2
diabetes: New goals and strategies , Cleveland Clinic Journal of
Medicine, 69(10) , 809-820.

[154] Hamed E. A., Zakary M. M., Ahmed N. S., Gamal, R. M.,
(2011) , Circulating leptin and insulin in obese patients with and
without type 2 diabetes mellitus: Relation to ghrelin and oxidative
stress, Diabetes Research and Clinical Practice, 94(3) , 434-441.

[155] Haeusler R. A., Camastra S., Astiarraga B., Nannipieri M.,
Anselmino M., Ferrannini E. (2015), Decreased expression of
hepatic glucokinase in type 2 diabetes , Molecular
metabolism, 4(3), 222-226.

115



References

[156] Rui L., (2014), Energy  metabolism  in  the
liver. Comprehensive Physiology, Comprehensive Physiology :
4(1), 177-197.

[157] Efendic S., Karlander S., Vranic M., (1988), Mild type Il
diabetes markedly increases glucose cycling in the postabsorptive
state and during glucose infusion irrespective of obesity, Journal
of Clinical Investigation, 81(6), 1953-1961.

[158] Hundal R. S., Krssak M., Dufour S., Laurent D., Lebon

V., Chandramouli V., Inzucchi S., Schumann W.C., Petersen
K.F., Landau B.R., Shulman G. 1., (2000), Mechanism by which
metformin reduces glucose production in type 2

diabetes, Diabetes, 49(12), 2063-2069.

[159] Clore J. N., Stillman J., Sugerman H., (2000), Glucose-6-
phosphatase  flux in  vitro is increased in type 2
diabetes, Diabetes, 49(6), 969-974.

[160] Burchell A., Hume R., (1995) , The glucose-6-phosphatase
system in human development, Histol Histopathol , 10, 979-993.

116



References

[161] Gad M. Z., Ehssan N. A., Ghiet M. H., Wahman, L. F.,,
(2010) , Pioglitazone versus metformin in two rat models of
glucose intolerance and diabetes , Pakistan Journal of
Pharmaceutical Sciences , 23(3), 305-312.

[162] Kolawole O. T., Akanji M. A., (2014), Effects of extracts of
leaves of Newbouldia laevis on the activities of some enzymes of
hepatic glucose metabolism in diabetic rats, African Journal
Biotechnology , 13(22), 2273-2281.

[163] Pandey G., Shihabudeen M. S., David H. P., Thirumurugan,
E. Thirumurugan, K., (2015), Association between
hyperleptinemia  and  oxidative  stress in  obese  diabetic
subjects, Journal of Diabetes & Metabolic Disorders,14(1), 24.

[164] Mahmood I.H., Tawfig H.A., ,(2013), Effects of Metformin
vs. Glibenclamide on Serum Leptin Concentration in Type 2
Diabetic Patients, Raf. Journal science ., 24(4 ),34-41.

[165] Buyukbese M.A., Cetinkaya A., Kocabas R., Guven A,
Tarakcioglu M., (2004) , Leptin levels in obese women with and
without type 2 diabetes mellitus, Mediators of inflammation,
13(5), 321-325.

117



References

[166] Al Maskari M. Y., Alnagdy A. A.(2006), Correlation
between serum leptin levels, body mass index and obesity in

omanis, Sultan Qaboos University Medical Journal, 6(2), 27-31.

[167] Chen C. C., Li T. C., Chien C. M., Chen W., Liu C. S,
Chang Y. C., Chen S. J.,, (2003) , The relationship between leptin
concentration and insulin resistance in Chinese type 2 diabetic

patients, Mid-Taiwan Journal of Medicine , 8, 141-7.

[168] Hsu C. H., Lin S. C.,, Hwang K. C., Chou P., Liao Y. L.,
(2008), Insulin concentration is the main predictor of leptin level:
a homogenous type 2 diabetes cohort study in

Taiwan. International Journal Diabetes & Metabolism, 16, 13-16.

[169] Saif-Alah, P.H. (2000): Biochemical study on prolactin and some
tumar marker in brest tumar. phD. thesis, college of science Baghdad

University.

[170] James R., Mekee, Trudy M., (1996), Biochemistry/An Introduction
Developmental, 3rd WM. C. Brown Publishers / USA.pp:117-148.

[171] ELISA development guide (a guide for the use of antibodies
in ELISA development R&D Systems), Inc. R&D Systems Europe, Ltd.
R&D Systems GmbH.

118



LRl |
s Gaall 4dla

o A Ja aall (B Sl s g5l adly Ga e e 2 Gl g sl e g Sl 6l
5 i TS lall s anad) Jaly Sl 2 3aL 5 ) LaS IS D aa ny plall
ool Oy 2aSh b Sl Glaatly cm Sladl st e Aol 5hal) iy A a Y
O 4Bl oda aall 3 4Dy Solall ) g 2l G Silin g ST Slall S
o sl Clalell lon g 331 Jumy s 58 -1 35S skl oy 55 (U £ ) (Sl a3
o3 i, pall &35SI0 5 S ) (g2 pa V1 T O ol (B Sl il giana
e (SOl ae Gae sy (e siiaall) 4 sadll Sl Cladls JUT apids ) Al ol
L ((FPG) pilall adll Lo 3ol jSas ecptall) (5058 3858 ¢ 5ilins b 2T 5 S sl o 33l Ll
el gall B35 S g ) (po (5 Sl (e (4 A (5 sinsas 7 HDALC (oS ) S
A (e gaan (o Balaall plua¥ly i it - sSlall o WaY) e i

Aokl de gana g

: dand) kg 3 gall g Ciliall

Ao Yo LA a8 L (06 - £0) i ad jleef can ) icdie (Af) Al all sda Cuiaas
O ) agarndi a5 ¢ SEN & i) e (5 Sl ey (b (oaim pe Al V£ 5o slasall de gandl
& 53 6l Aa) ()50 (e s aguandlli o Liay jo (YV) 1 aadiudl 200l g 5 e lolaie) sl
Dns agfiallae oLy jo (YY) ey sinall jlan agindlas Coai Liay jo (Y1) ¢ g3l e
a3l Anllad (5 e Cpns a3 Al all s2a e JY1 e yall (8 ¢ LKA ae (e siiaal)
and Aol g ar@ill GLS Cpinll () se 8 38 55 (5 siusa s (G-6-Pase) el si-T - 5 5S slall
eall aall e 33 S ¢ z3lall dlaie) oy i jally Alia)) 5y Ladl Cied s (ELISA)
o (8 sl apni 5 (BMI) posall A 1 ¢ (HDALCH) (oS Sl asusic (FPG)
(G6Pase a= hiotin ) waiwall aa wuall Ll ) Cona ¢ 25 Al jall 028 (o (SN 6 32l & a0
S i Tl e e i i) Adbiad) Jal sel) Al 5o a5 aia all 5 slanal) Jias b

Azl 5 553, el s o el 3 53 daliaal) sluall



: gy
DA Al Hall sda pe Aliasiil) C"L"‘M il
: d¥l s
2 Ol (58 5 G-6-Pase s -l Anllad Dl gie (S daal s A gieaBaly ) aa i
(P<0.05) 3kl dc sana ga agii e die (5 Sl Galiadll Juasl
e sanall Gind) () 50 8 5 G-6-Pase m i 4dlled il giuse (8 dasal 5 45 sima B ) 2 5 o
Oy s-inaly agiadlae Ciai il de ganall pe agii jlie i U lgnapdidi a5 )
3kl 4 e sane s 2 LISI Al ae e ) s-iias agindlae o il 4e sanallc
(P<0.05)
e a3 S5 (G-6-Pase) e =Y 4llad Ol 1se o (P<0.05) b)) ansn o
Ain Ll G & 53 (a5 8k Olbaal) (oo sl palanas US (3 (FPG) (ool
a3 il de saall 3 ( HDALCY0) Sl Saall 4rasi s ay 331 138 4gllad (y Jalsi )
ey siinaly aginllas ud il de ganall 5 Uias Lpuand s
G-6- sl 4allad e cptadl () e 8 38 53 il s 3 (P>0.05) Dol )) a3
& BMI auall ali€ ally 5 gl 5 5 (5 sisa (g (P<0.05) Bl 2 5 Lein Pase
(SN gl e g Sy Gabiaal ia jall auelaa JS

: ‘;\lﬂ\ s Jadl
Jual sall (o i3S ELISA Gand aladialy daiuall ae auall f Lol Y1 4l 50
4a 2 ¢« G-6-Pase a3 3aS 5 ¢ O sl 38 55 o Bl ¥ e Sig Al Bl
_Ailzaal) 5 yid g5 ) jall



Bl 4 sees

) il ) el 15 5

Croedll daala
N o shall 208
2 E ;QA..}SX\ (-n..é
% j;ﬁ
3 ,
% P

frag 10813

ilad o g Sl (i yal Balaal) Blat) s
Al (B i gh 1o S slal) a5
S £ o) (e g Sl gl Oliaall

Al
Gl dzalas fa slall 4dS ) At

el agle 8 Hriualdl 4s ) do Glllaia (e 6 a8

Jd (e
Ol s oy )

YOO ¥ Lo ol

il il
30 Laal) Jiay)

A g G gile ) gisal)

AR & VETY



