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Summery

Diabetes is a group of disorders that produce elevated levels of blood
glucose. The two main forms of diabetes are type land type 2. The cause of
diabetes was associated with some endocrine hormones and obesity. This study
was focused on diabetes type 2 and its effects on thyroid hormones (TSH, T3, T4),
prolactin and cortisol and with body mass index. To achieve this am 68 diabetic
patients type 2 with ages of 35-70 years and 34 healthy people with ages of 35-70
years (control group) were enrolled. These hormones (TSH, T3, T4, PRL and
Cortisol) were estimated by an enzyme immunoassay method with final
fluorescent detection (MiniVidas).

The results demonstrated significant increase of T4 (p<0.05), Cortisol
(p<0.05) levels, and significant decrease of TSH (p<0.05) levels. A non significant
Increase was shown in prolactin (p>0.05) levels, and non significant decreasein T3
(p>0.05) levels.

Obesity is the most important modifiable risk factor in the pathogenesis of
type 2 diabetes, however, racia factors seem to be important in the relationship
between body mass index and glucose in patients with diabetes type 2.

The linear regression anaysis revealed significant negative correlation (r=-
0.310, p<0.01) in cortisol levels with BMI, and significant positive correlation in
fasting serum glucose (r=0.293, p<0.05) and TSH (r=0.275, p<0.05) levels with
BMI in patients with diabetes type 2.

The linear regression anaysis revealed significant negative correlation (r=-
0.249, p<0.05) in cortisol levels with fasting serum glucose, and positive
correlation in TSH (r=0.258, p<0.05) levels with fasting serum glucose in patients
with diabetes type 2.



The linear regression analysis revealed significant negative correlation (r=-
0.469, p<0.05) in T4 levels with Cortisol levelsin patients with diabetes type 2.
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History of diabetes mellitus

Writing about diabetes goes back more than 3000 years, to the Ebers
Papyrus, in which afflicted people were described as passing frequent and large
amounts of urine. Ayur Veda described the sweetness of the urine and noted that
ants were attracted to it. He wrote of weakness, emaciation, polyuria and
carbuncles in affected people. Aretaeus, a first — century Greek physician, was
credited with naming the disorder. He described the disease as a" melting down
of the flesh and limbs into urine ". Lipemia of diabetic blood was noted by
Helmunt some time between 1573 and 1664 A.D.. The first diagnostic sign of
the disease was established by Thomas Willis in the seventeenth century, when
he tasted the urine of his patients and noted its sweetness. A French physician,
Michel Chevreul, discovered that the sweetness was caused by sugar.”

In 1869, Langerhans, while a medical student, identified the islets but did
not understand their function. The discovery of insulin, which began with an
accidental observation, when in 1889 Oskar Minkowski and Josef Von Mering,
had a friendly disagreement about whether the pancreas, known to contain
lipases, was important in fat digestion in dogs. To resolve the issue, they began
an experiment on fat digestion. They surgically removed the pancreas from a
dog, but before their experiment got any further, Minkowski noticed that the dog
was now producing far more urine than normal. Also, the dog's urine had
glucose levels far above normal. These findings suggested that lack of some
pancreatic product caused diabetes .”

The link between islets and diabetes was suggested by De Mayer in 1909
and by Sharpey — Schaffer in 1917, but it was Banting and Best who proved this
association in 1921.These investigators used acid — ethanol to extract from the
tissue an idlet cell factor that had potent hypoglycemic activity. The factor was
named " insulin ", and it was quickly learned that bovine and porcine islets

1
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contained insulin that was active in humans. Within a year, insulin was in wide

spread use for the treatment of diabetes and proved to be life saving .

1.1 Related Origin of Diabetes M ellitus:-
Diabetes is a family of medical conditions involving the body’s ability to

metabolize, store, and make use of glucose, which is the main energy source for
al cells in the body. This process of converting what we eat and drink into
something the body can use requires insulin, a hormone produced by the
pancreas. Insulin regulates the conversion of sugars and starches in the blood
stream into glucose, and promotes its “uptake” into cells. Thisis what fuels and
energizes cells throughout the body. When a person has diabetes, their body’s
ability to process glucose isimpaired or nonexistent, either because the pancreas

does not produce enough insulin or cells have become desensitized to insulin.’

1.2 Diabetes M dllitus (DM ): -

Diabetes mellitus is a group of diseases characterized by an elevated

blood glucose level (hyperglycaemia) resulting from defectsin insulin secretion,
ininsulin action, or both. Diabetes mellitusis not a pathogenic entity but a group
of aetiologically different metabolic defects. Common symptoms of diabetes are
lethargy from marked hyperglycaemia, polyuria, polydipsia, weight loss, blurred
vision and susceptibility to certain infections. Severe hyper- glycaemia may lead
to hyperosmolar syndrome and insulin deficiency to life-threatening
ketoacidosis. Chronic hyperglycaemia causes long - term damage, dysfunction
and failures of various cells, tissues, and organs.”

A person with diabetes is more likely to be hospitalized than is a person
without diabetes. The hospital stay is aso likely to be longer.” Diabetes
hospitalizations are largely due to the other mgor health problems caused or
worsened by diabetes.’
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Chronic complications of diabetes mellitus:-

Chronic elevation of blood glucose level leads to damage of blood vessels
(angiopathy). The endothelical cells linging the blood vessels take in more
glucose than normal, since they don’t depend on insulin. They then form more
surface glycoprotiens than normal and cause the basement membrane to grow
thicker and weaker. In diabetes, the resulting problems are grouped under
“microvascular disease” (due to damage to small blood vessels) and
“macrovascular disease” (due to damage to the arteries).

The damage to small blood vessels leads to microangiopathy, which can
cause on or more of the following:

e Diabetic retinopathy, growth of friable and poor-quality new blood vessels
in the retina as well as macular edema (swelling of the macula), which can
lead to severe vision loss or blindness.

o Diabetic neuropathy, abnormal and decreased sensation, usually in a'glove
and stocking' distribution starting with the feet but potentially in other
nerves, later often fingers and hands.

e Diabetic nephropathy, damage to the kidney which can lead to chronic
renal failure, eventually requiring dialysis.

e Diabetic cardiomyopathy, damage to the heart, leading to diastolic
dysfunction and eventually heart failure.

Macrovascular disease leads to cardiovascular disease, to which accelerated

atherosclerosisis a contributor:

e Coronary artery disease, leading to angina or myocardial infarction ("heart
attack").

e Stroke (mainly the ischemic type).

e Peripheral vascular disease, which contributes to intermittent claudication
(exertion-related leg and foot pain) as well as diabetic foot.

e Diabetic myonecrosis (‘muscle wasting').”

3
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1.2.1 Diagnosis of Diabetes M ellitus : -

The National Diabetes Data Group and World Health Organization have
issued diagnostic criteriafor the diagnosis of diabetes mellitus :

1) Symptoms of diabetes plus random blood glucose concentration >11.1
mmol/L (200 mg / dI)a or,

2) Fasting plasma glucose > 7. 0 mmol/L (126 mg/di)° or,

3) Two — hour plasma glucose > 11.1 mmol/L (200 mg/dl) during an oral

glucose tolerance test ‘

In the absence of unequivocal hyperglycaemia and acute metabolic
decompensation, these criteria should be confirmed by repeated testings on
different days.”

The diagnostic strategy for diabetes mellitusisillustrated in Figure (1.1).*

a: Random isdefined aswithout regard to time since the last meal.
b : Fasting isdefined asno caloric intake for at least 8 hours.
c : Thetest should be performed using a glucose load containing the equivalent of 75 g

anhydrous glucose dissolved in water; not recommended for routineclinical use.

4
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Fasting blood-glucose Random blood-glucose

No symptoms <140g/L 1.40-2.00g/L No symptoms Symptoms +
(<7.8mmol/L)| |(7.8-11.1mmol / L)| [2.00g/L <(11.1mmol/L <)| {2.00g/L <(11.1mmol/L <)

l |

A 4

y Y
<1.10g/L >1.10<1.26g/L 1.26¢g/L <
(<6.1mmol/L)| |(> 6:1<7 mmol /L)| (7 mmol/L <) RIS&GBGI Repeat

oo |

Normal IFG Repeat
v >1.10<1.26¢g/L
To5gT <r No action (>26.1<7mmol/L 200G
S 11.1mmol/L <

(7mmol/L <) (11.1mmol/L <)

‘ Diabetes
\ 4
200g/L < > 200g/L <
> D. m. suspected
2hOGTT (11.2mmol/L <) > (11.2mmol/L <)

\4 1.40g/L - 2.00g/L »i1.40-2.00g/L IGT

> IGT » 2h OGTT a
(7.8-11.1mmol/L) \(7.8-11.1mmoI/L)
<1.40g/L N <140g/L
> Further <
<7 I/L . -
(£7.8mmol/L) observation (£7.8mmoal/L)

Figure (1.1) : Diagnostic strategy for diabetes mellitus.*

1.2.2 Classification of Diabetes M ellitus(DM ): -

Diabetes mellitus is a heterogeneous clinical disorder with numerous

causes. Two main classifications of diabetes mellitus exist, idiopathic diabetes

and secondary diabetes.”
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| diopathic diabetesis divided into two main types:

¢ Insulin-dependent diabetes mellitus, IDDM (more commonly referred to
astype 1 diabetes)

* Non-insulin-dependent diabetes mellitus, NIDDM (more commonly referred
to astype 2 diabetes)

Secondary diabetes, or other specific types of diabetes mellitus are the result of

many causes including:

% Maturity onset type diabetes of the young (MODY) was previously
considered to be athird form of type 2 diabetes.

¢ Pancreatic disease: Pancreatectomy leads to the clearest example of
secondary diabetes.

¢ Endocrine disease: Some tumors can produce counter-regulatory hormones

that oppose the action of insulin or inhibit insulin secretion.’

1.2.3 Type 1l Diabetes Médllitus:-
Type 1 Diabetes mellitus (formerly caled type I, IDDM or juvenile

diabetes) is characterized by an autoimmune process, usually leading to absolute
insulin deficiency. The onset is usually acute, developing over a period of afew
days to weeks. Over 95 percent of persons with diabetes mellitus type 1 develop
the disease before the age of 25. A family history of diabetes mellitus type 1,
gluten enteropathy (celiac disease) or other endocrine disease is often found.’
However, symptoms appear abruptly when 80% to 90% of the B-cells have been
destroyed. At this point the pancreas fails to respond adequately to ingestion of
glucose, and insulin therapy is required to restore metabolic control, many
patients show a transient disappearance of diabetes and little or no insulin
therapy is required. This remission results from a temporary return of insulin
secretion, which may last for weeks or months. Ultimately, most patients lose all
B-cell function and require insulin therapy.™
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1.2.4 Type 2 Diabetes M éllitus :-

Type 2 diabetes is a disease that comes from insulin resistance, a

condition in which many cells in the body become less responsive to insulin.
Before the disease shows clinical signs and symptoms, mildly elevated blood
glucose levels can be detected in blood tests, and this stage of the disease is
called prediabetes. The progression of type 2 diabetes is gradual. Over the years,
a person's prediabetes worsens, especialy if the person is overweight and
inactive. Eventually, the condition becomes symptomatic and the person
develops clinical diabetes."!

Insulin resistance is not the only metabolic abnormality in type 2 diabetes.
As the disease worsens, pancreatic beta cells begin to fail. At this point, not only
isinsulin less effective, it is also decreasingly available.™

Type 2 diabetes was once called adult onset diabetes because the disease
develops slowly and it typically appears in older adults. Ninety to ninty five
percent of all cases of diabetes are type 2.

The problems underlying type 2 diabetes include a diminished ability to
secrete insulin and a decreased ability of cells to respond to insulin. These
problems are difficult to measure directly. Therefore, diabetes is defined
indirectly by its effect.™

Type 2 diabetes can result from genetics defects that cause both insulin
resistance and insulin deficiency. There are two main forms of type 2 diabetes:

1. Late onset associated with obesity.

2. Late onset not associated with obesity.’

1.3 Pathogenesis of diabetestype 2

Type 2 diabetes mellitus has become an epidemic, and virtualy no
physician is without patients who have the disease. Whereas insulin insensitivity
is an early phenomenon partly related to obesity, pancreas beta-cell function

7
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declines gradually over time already before the onset of clinical hyperglycaemia.
Several mechanisms have been proposed, including increased non esterified
fatty acids,inflammatory cutokinase, adipokinase, and mitocondrial dysfunction
for insulin resistance, and glucotoxicity, lipotoxicity, and amyloid formation for
beta-cell dysfunction. Moreover the disease has a strong genetic component, but
only handful of genes have been identified so far: genes for capain 10,
potassium inward-rectifier 6.2, peroxisome proliferator-activated receptor
gamma, insulin receptor substrate-l, and other, as shown in figure
(1.2).

Type 2 Diabetes Proposed Pathogenesis

Genetic Predisposition Environment
Multiple genetic defects Obesity

~
+ ~ 4
~a ; ; -
Peripheral tissue insulin

Primary beta-cell defect :
resistance

Deranged insulin secretion .q_. Inadequate glucose utilization

\/

HYPERGLYCERMIA

\

Beta-cell exhaustion

\

TYPE Il DIABETES

Figure (1.2) pathogenesis of diabetes type 2.3

1.4 The predisposing factors, for type 2 diabetes: -

Type 2 diabetes strikes genetically predisposed people, and the tendencies
to develop insulin resistance and beta cell dysfunction are inherited. However,

8
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people with these genetic propensities do not always develop clinical diabetes. It
appears that, to develop type 2 diabetes, other health problems must intervene to
active or to worsen the latent insulin resistance and beta cell dysfunction. *°
The most important predisposing factors are :
1. A family history of diabetes.
Ageover 45.
Race or ethnic background.
M etabolic syndrome.
Being overweight.
High Blood Pressure and High Cholesterol.
History of gestational diabetes.
Chronic inflammation.

© ©®© N o o &~ D

Physical inactivity.

1. A family history of diabetes:

It appears that people who have family members who have been
diagnosed with type 2 diabetes are at a greater risk for developing it themselves.
There is a stronger inheritance pattern for type 2 diabetes. Those with first-
digree relatives with type 2 have a much higher risk of developing type 2,
increasing with the number of those relatives. Concordance among monozygotic
twinsis close to 100%, and about 25% of those with the disease have a family
history of diabetes. Genes significantly associated with developing type 2
diabetes, include KCNJ11 (potassium inwardly rectifying channel, subfamily J,
member 11), encodes the islet ATP-sensitive potassium channe Kir6.2,
and TCF7L2 (transcription  factor 7-like 2) regulates proglucagon gene
expression and thus the production of glucagon-like peptide-1. Moreover,
obesity (which is an independent risk factor for type 2 diabetes) is strongly
inherited.'®
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2. Ageover 45:

It's a sad but true fact. The older we get, the greater our risk of type 2
diabetes. Even if an elderly person is thin, they still may be predisposed to
getting diabetes. Scientists theorize that the pancreas ages right along with us,
and doesn't pump insulin as efficiently as it did when we were younger. Also, as

our cells age, they become more resistant to insulin as well."’

3. Raceor ethnic background:
The risk of type 2 diabetes is greater in Hispannics, African-

Americans, Native Americans, and Asians.®®

4. Metabolic syndrome

Metabolic syndrome also called insulin resistance, Twenty years ago,
metabolic syndrome was amost an unknown idea among conventiona
practitioners. Today it is recognized as the precursor to full-blown diabetes. This
is gratifying because it means conventional medicine accepts the idea that
diabetes develops over time — it doesn’t just appear overnight. The diagnosis of
metabolic syndrome is made when three or more of five disorders are present in
the patient: high triglycerides, low HDL cholesterol, high blood sugar, high
blood pressure and an above-average waistline.*®

5. Being overweight:

Being overweight is the mgjor contributing factor for type 2 diabetes.
About 80% of individuals with type 2 diabetes are overweight or obese, and the
risk of type 2 diabetes rises as a person's weight increases. Research suggests
that having more fat cells somehow makes cells throughout the body more
resistant to insulin.™

Results from metabolic and epidemiologic studies provide strong

evidence that obesity is causaly related to type 2 diabetes. Many studies have
10
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reported associations between body mass index (BMI; in kg/m2) and type2
diabetes in men and women. Investigations focusing on weight change and
type 2 diabetes showed that, besides obesity persent, an increase in body weight
of 3-20 kg is associated with an elevated risk of incident type 2 diabetes." Early
obesity and almost any weight gain after adolescence are risk factors for type 2
diabetes. Moreover, the duration of obesity seems to be a significant risk factor
for type 2 diabetes, independently of current degree of obesity.”

An inverse linear relation was found between BMI and age at diabetes
onset. Adults with early diagnosed diabetes were more obese and more likely to
be femal e than were adults with a later onset of type 2 diabetes."’

Although many studies have reported associations between weight gain
and risk of type 2 diabetes, no study explicitly quantified whether body weight
changes during different periods in adult life are differently related to risk of
type 2 diabetes and how much such weight changes influence the age at diabetes
diagnosis. This information is urgently needed because a large segment of the
population is starting to gain weight early in adult life, after settling into an
occupation or family life, which is contributing to the obesity epidemic. The
largest increase in the prevalence of obesity in men is seen between ages 20 and
40 y and in women between ages 30 and 40 y. The present investigation
examined the effect of body weight gain in early life on the age a diabetes
diagnosis and compared 2 different periods in adult life with regard to the
associ ation between weight change and diabetes risk. **

Any diet that leads to obesity also increases a person's chances of
progressing from prediabetes to diabetes. In addition:

* A high-carbohydrate diet stresses the glucose-lowering capacity of a

person with prediabetes and accelerates the development of type 2

diabetes.

11
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* A high-fat, low-fiber diet, especially one that includes saturated and trans
fats, causes dyslipidemias, and these metabolic imbalances worsen insulin
resistance and foster the development of type 2 diabetes.

The composition and calorie content of the diet play an important role in
predisposition to type 2 diabetes by reducing insulin sensitivity. Thus a high-
saturated fat, high refined carbohydrate and low fiber diet can result in
decreased insulin sensitivity , it had been reported that the risk of type 2 diabetes
isincreased when more than 40% of the total energy intake is from fat.”

6. High Blood Pressure and High Cholester ol

These two bad boys are the hallmark risk factors for many diseases
and conditions, including type 2 diabetes. Not only do they damage your
heart vessels but they are two key components in metabolic syndrome, a
cluster of symptoms including obesity, a high fat diet, and lack of exercise.
Having metabolic syndrome increases your risk of heart disease, stroke, and
diabetes."’

7. History of gestational diabetes:

Gestational diabetes affects about 4% of al pregnant women. It begins
when hormones from the placenta make the mother insulin resistant. Many
women who have gestational diabetes develop type 2 diabetes years later.
Their babies are also at some risk for developing diabetes later in life.”’

8. Chronicinflammation:

Type 2 diabetes aters the functioning of the immune system. Together,
insulin resistance, hyperglycemia, and hyperinsulinemia induce a low-level
persistent inflammatory reaction. At the same time, a chronic inflammatory state
leads to chronic hyperglycemia, which then contributes to the progression of

type 2 diabetes.”®
12
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type 2 diabetes is associated with augmented innate immune function
characterized by increased circulating levels of acute phase reactants and altered
macrophage biology is fairly well established. The maority investigating innate
immune function in type 2 diabetes are limited to the context of wound healing,
atherosclerosis, stroke, and other commonly identified comorbidities. Severa
important recurring themes come out of these data. First, type 2 diabetes is
associated with a state of chronic, subclinical inflammation. Second, in
macrophages, type 2 diabetic conditions enhance proinflammatory reactions and
impair anti-inflammatory responses. Third, after acute activation of the innate
immune system in type 2 diabetes, recovery or resolution of inflammation is

impaired.”

9. Physical inactivity:

Physical inactivity is another major risk factor for the development of
type 2 diabetes. In part, this results from the tendency of sedentary people to
accumulate triglycerides in their muscle cells. This causes the cells to use fat
rather than glucose to produce muscular energy. By way of excess triglycerides,
physical inactivity and obesity increase insulin resistance.”

Physical exercise is a sufficiently powerful counterweight to insulin
resistance that regular exercise will improve glycemic control and reduce the
risk of developing cardiovascular complications in people with type 2 diabetes.
Furthermore, regular exercise may prevent type 2 diabetes in high-risk

individuals.?®

1.5 Requlation of Blood Glucosein Type 2 Diabetes:-

People with type 2 diabetes have frequent and persistent hyperglycemia.
One contributor to this chronic hyperglycemiais the liver. When a person with
type 2 diabetesis fasting, the liver secretes too much glucose, and it continuesto

secrete glucose after the blood level becomes too high. A second contributor to
13
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the chronic hyperglycemia in type 2 diabetes is skeletal muscle. After a meal,
the muscles in a person with type 2 diabetes take up too little glucose, leaving
blood glucose levels elevated for extended periods.”’

The metabolic malfunctioning of the liver and skeletal muscles in type 2
diabetes results from a combination of insulin resistance, beta cell dysfunction,
excess glucagon, and decreased incretins. These problems develop
progressively. Early in the disease—in the prediabetes stage—the existing
insulin resistance can be counteracted by excess insulin secretion from the beta
cells. The hyperglycemia caused by insulin resistance is met by
hyperinsulinemia. Eventually, however, the beta cells begin to fail.
Hyperglycemia can no longer be matched by excess insulin secretion, and the

person develops clinical diabetes.”®

1.6 Hor mones I nvolved in Requlating Blood Glucose:

Several hormones are known to control the blood glucose level. The liver
plays avital function in controlling the normal blood glucose level by removing
glucose from and adding glucose to the blood. The activity of the liver in
maintaining the normal blood glucose level is in turn controlled by severa
different hormones. Among these are insulin, epinephrine and glucagons,
thyroid hormones, growth hormones and glucocorticoids (e.g. cortisol) and also
have a definite effect upon carbohydrate metabolism.”

Insulin: is a protein hormone produced by the B - cells of the islets of
Langerhans in the pancreas.™ Insulin performs the following functions:

1. It accelerates the oxidation of glucose in the cells.

2. It increases the transformation of glucose to glycogen (glycogenesis) in
the muscle and also in theliver.

3. Insulin controls the phosphorylation of glucose to glucose 6- phosphate
by means of the enzyme glucokinase.
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4. It depresses the production of glucose ( glycogenolysis) in theliver.
5. It promotes the formation of fat from glucose.
6. It adsin the transportation of glucose across cell membranes.

Thus, the principle function of insulin may be said to be the removal of
glucose from the blood stream and so a consequent lowering of the blood
glucose level

In type 2 diabetes, body cells have a decreased response to insulin. This
problem, insulin resistance, means that, for the same amount of circulating
insulin, skeletal muscles, liver, and adipose tissue take up and metabolize less
glucose than normal. In addition, being less sensitive to insulin, the liver does
not react to the "damping" signa of insulin, so the liver manufactures and
secretes more glucose than is needed.*

Epinephrine: epinephrine is a hormone secreted by the medulla of the
adrenal glands. It stimulates the formation of glucose from glycogen in the liver
(glycogenolysis) and so has an action opposite to that of insulin. Insulin removes
glucose from the blood stream, whereas epinephrine increases the amount of
glucose present in the blood.*

During periods of emotional stress, such as anger or fright, adrenalin is
secreted by the adrena glands. It is transported by the blood to the muscles and
liver where it promotes glycogen breakdown, thus increasing the amount of
glucose in the blood. Making that glucose readily available as the body needs it
to meet the emergency situation. The amount of glucose may then exceed the
renal threshold (hyperglycemia) and glucose will appear in the urine. Thisis one
example of how the presence of glucose in the urine may be due to a condition
other than diabetes.”

Glucagon: A hormone secreted by the a—cells of the islets of Langerhans,
has several functions that are diametrically apposed to those of insulin. Most
important of these is an increase in the blood glucose concentration, an effect

which is exactly opposite to that of insulin. Like insulin, glucagon is small
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protein it has a molecular weight of 3482 and is composed of a chain of 29
amino acids. On injection of purified glucagons into an animal, a profound
hyperglycemic effect occurs. One microgram per kilogram can elevate the blood
glucose concentration approximately 20 percent in about 20 minutes. For this
reason, glucagon is frequently called a hyperglycemic factor. The two maor
effects of glucagon on glucose metabolism are (1) breakdown of glycogen

"glycogenolysis' and (2) increased gluconeogenesis.”

Glucagon thus counter balances the effects of insulin.*

Insulin
(Glycogenesis)

Blood glucose >  Glycogen

Adrenalin
Glucagon
(Glycogenolysis)

Incretins. are glucagon-like peptides, hormones that are made in
neuroendocrine cells of the small intestine and are secreted into the circulation
in response to food.

Structurally, incretins are closely related to glucagon, but incretins have effects
opposite to those of glucagon. Incretins:

» Stimulate insulin secretion

» Suppress glucagon secretion

Incretins are deactivated quickly by enzymes in the bloodstream and by
enzymes on the surface of endothelial cells. Therefore, the glucose-lowering

effects of incretins last only afew minutes.
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People with type 2 diabetes have lower than normal levels of incretins.
Exenatide, a recently approved injectable anti-diabetes drug, is an incretin-
receptor agonist and directly mimics the glucose-lowering effects of natura
incretins, and the administration of exenatide helps to reduce blood glucose

levels.*®

Thyroid hormones: Should also be considered as affecting the blood
glucose. There is experimental evidence that thyroxin has a diabetogenic action
and that thyrodectomy inhibits the development of diabetes. It has also been
noted that there is a complete absence of glycogen from the livers of thyrotoxic
animals. In humans, the fasting blood glucose is elevated in hyperthyroid
patients and lowered in hypothyroid patients. However, hyperthyroid patients
apparently utilize glucose at normal or increased rate, hypothyroid patients have
decreased ability to utilize glucose. In addition, hypothyroid patients are much
less sensitive to insulin than are normal or hyperthyroid individuals.

Growth hormone: Growth hormone inhibits glucose uptake by the
tissue. It also inhibits the synthesis of fat from carbohydrate and causes the
release of free acid from adipose tissue. Plasma growth hormone normally varies
inversely with blood glucose.*’

Glucocorticoids (e.g. cortisol): These stimulate hepatic gluconeogenesis,

and inhibit glucose metabolism in peripheral tissues.*’

1.7 Pituitary Gland:

Pituitary gland is a peasized structure that measures about 1.3 cm in
diameter. It is located on the inferior aspect of the brain in the region of the
diencephalon and is managed by the hypothalamus which is a section of brain
just above pituitary gland. It is attached to the hypothalamus by a stalk like
structure called the infundibulum, this contains nerve fibers and small blood
vessels,®
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Anatomically and functionally, Pituitary gland is divided into two distinct
lobes, the posterior pituitary and the anterior pituitary .The posterior pituitary
differs from anterior pituitary in that the first one stores and releases hormones
that are actually produced by the hypothalamus, these hormones are vasopressin
and oxytocin, whereas the anterior pituitary produces and secretes its own
hormones. The cells of this lobe can be classified simply by their staining
reaction as acidophils, basophils and chromophobes. The cells are now classified
(by immunochemical means) to at least five cell types, these types are the
somatotropes which secrete Growth Hormone (GH) , the lactotropes secrete
Prolactin (PRL) , the thyrotropes secrete Thyroid-Stimulating Hormone (TSH) ,
the gonadotropes secrete Leuteinizing Hormone (LH) and Follicle-Stimulating
Hormone (FSH) , and the corticotropes secrete Adrenocortico tropic Hormone
(ACTH). These hormones are either peptides (ACTH, GH, PRL) or
glycoprotiens (TSH, LH, FSH).*

1.7.1 Thyroid Hormones

The hormones synthesized and secreted by the thyroid gland are 3, 5, 3,
5'- tetraiodothyronine (thyroxine or T4) and 3, 5, 3'—triiodothyronine (T3).
Thyroxine (T4) is the predominant product (~90%) and the biologically active
form is T3, which is formed from T4. Synthesis and release of the thyroid
hormones are under the control of the hypothalamus-pituitary axis. Thyrotropin
releasing hormone (TRH) from the hypothalamus controls the release of
thyrotropin stimulating hormone (TSH) from the anterior pituitary. Thyrotropin
stimulating hormone promotes synthesis and release of the thyroid hormones by
the thyroid gland, as shown in figure (1.3). In order to form the biologicaly
active T3, the amost inactive T4 must undergo enzymatic activation by
5 deiodinases present in different tissues.® Most of the thyroid hormones in

plasma are protein bound. Aside from their important role in regulation of the
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overal rate of body metabolism, thyroid hormones are required for normal
brain development during fetal life** Thyroid hormones act by binding to
nuclear receptors and modulating the transcription of responsive genes. Feta
thyroid hormone receptors are widely distributed in the brain prior to the onset
of fetal thyroid hormone production, and the fetus depends solely on materna
thyroid hormone transfer during this early time period of development. Studies
in several species have shown that there is indeed a substantial transfer of
materna thyroid hormones across the placenta until the fetus acquires the ability
to synthesize thyroid hormones at the end of the first trimester and contributes to
the thyroid hormone supply.”* Furthermore, the placenta contains deiodinases
that convert T4 into the biologicaly active form T3. Insufficient amounts of
thyroid hormones cause abnormal development of almost every organ system
resulting in the syndrome “cretinism”. The developing brain is especidly
affected by severe functiona deficits leading to mental retardation, ataxia,
spasticity, and deafness.®

Occasionaly, endocrine disorders such as abnormal thyroid hormone
levels are found in diabetes.” The major alterations in thyroid hormone system
are areduction in the TSH stimulation of the thyroid gland, probably caused by
central hypothyroidism, and in the peripheral generation of T3 from T4. In
chemicaly induced diabetic animals, the dlterations in the hypothalamo-
pituitary-thyroid axis in diabetic rats are numerous. Hypothalamic and plasma
TRH, pituitary and plasma TSH, as well as TSH secretion rate are all reduced,
and the TSH response to TRH is decreased despite normal peripheral TSH
metabolism. T4 and T3 production and iodide uptake by the thyroid are
diminished. There are a'so important structural changes in the thyroid gland and
pituitary that are accompanied by marked aterations in their secretory activity.
In addition, T4 deiodination to T3 in peripheral tissues is decreased.” The
physiological and biochemical interrelationship between insulin and the

influence of both insulin and iodothyronines on the metabolism of
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carbohydrates, proteins, and lipids are recorded.” As Udiong et al. said, “Such
records indicate that iodothyronines are insulin antagonists with high levels
being diabetogenic, while absence of iodothyronines inhibits the development of
diabetes.” . Since thyroid hormone abnormalities are frequently associated with
diabetes, the present investigation was to assess the adverse effects of diabetes
on thyroid hormone levels and other biochemical variablesin diabetic patients.*

Thyroid disorders are also common in type 2 diabetes because both of
these illnesses tend to occur more frequently as people age. Underlying thyroid
disorders may go undiagnosed because the common signs and symptoms of
thyroid disorders are similar to those for diabetes and can be overlooked or
attributed to other medical disorders. Symptoms of hypothyroidism are common
in patients with type 2 diabetes and symptoms of hyperthyroidism may be
attributed to poor diabetic control in patients with type 1 diabetes.”’

Because of the link between diabetes and thyroid disease, the American
Diabetes Association has recommended that people with diabetes be tested for
thyroid disorders. The TSH test, which measures the amount of TSH being
produced in the body, is the best test of thyroid function.*’
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T3

Figure (1.3) Thyroid hormones feedback.*’

1.7.2 Cortisol

Cortisol, aso known as hydrocortisone, is a steroid hormone

or glucocorticoid produced by theadrenal gland.® It is released in response
to stress, and to alow level of blood glucocorticoids. The amount of circulating
cortisol is normally subject to a circadian rhythm: the levels of cortisol are
highest early in the morning and return to a minimum around midnight.*®
Cortisol has half-life of 60 to 70 minutes; it mainly circulates around (90%) to a
carrier protien called transcortin. Corticotropic disorders lead to adrinal hyper or
hypofunction, resulting in hyper or hypocorticism. 95% of cortisol in the blood
is bound to protein, principally to the cortisol-binding globulin, transcortin.®
The secretion of cortisol is controlled by adrenocorticotropic hormone
(ACTH); ACTH secretion is subject to feedback inhibition by cortisol. Control
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Is also exerted from the higher centres through the hypothalamus as shown in
figure (1.4). Cortisol is essential to life: it is involved in the response to stress
and, with other hormones, regulates many pathways of intermediary
metabolism.*

Cortisol primary functions are to increaseblood sugar through
gluconeogenesis, suppress the immune system, and aid in fat, protein, and
carbohydrate metabolismit also decreases bone formation. Various synthetic
forms of cortisol are used to treat a variety of different illnesses.”

Cortisol exists in serum in two forms. The mgority of cortisol is in the
bound form, attached to cortisol-binding globulin (transcortin), while the
remaining amount of cortisol is in the free, or unbound, form. As the free
cortisol leaves the serum to enter cells, the pool of free cortisol in the serum is
replenished by cortisol that is released from transcortin or new cortisol that is
secreted from the adrenal cortex.™

Cortisol  counteractsinsulin, contributing to hyperglycemia via
stimulation of hepatic gluconeogenesisand inhibition of the peripheral
utilization of glucose by decreasing the translocation of glucose transportersto
the cell membrane, especially GLUT4.>

Increasing level of cortisol secretion are related to diabetes complications
but did not evaluate central nervous system complications. It has been
increasingly recognized that diabetes is related to several neurologica and
psychiatric disorders. Mild cognitive impairment, Alzhemer’'s disease, and
depression have been associated with diabetes, and these are aso related to
abnormal cortisol levels. The discovery of how hypercortisolism is related to

diabetes complications could help us understand these associations.>
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Figure (1.4) Cortisol secretion and feedback. *°
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1.7.3 Prolactin

Prolactin is apeptide hormone primarily associated with lactation.

Prolactin is a polypeptide hormone that is synthesized in and secreted from
specialized cells of the anterior pituitary gland, the lactotrophs. The primary role
of for prolactin in humans occures during pregnancy when prolactin binds to its
receptors in mammary tissue and stimulates the synthesis of several milk
proteins, including lacalbumin.®® Pituitary prolactin secretion is regulated
by neuroendocrine neurons in the hypothalamus, the most important ones being
the neuro- secretory tuberoinfundibulum (TIDA) neurons of the arcuate nucleus,
which secretedopamineto act on thedopamine-2 receptors of lactotrophs,
causing inhibition of prolactin  secretion. Thyrotropin-releasing  factor
(thyrotropin-releasing hormone) has a stimulatory effect on prolactin release.
The secretion of prolactin is pulsites, increases during sleep, after meals,
exercise and with stress.”

Prolactin has been considered a diabetogenic hormone, because injection
into dogs results in hyperglycaemia and because endogenous hyper-
prolactinaemia in humans is accompanied by glucose intolerance in spite of
hyperinsulinaemia . An early study suggested that plasma prolactin was el evated
in some diabetic patients, especially those without or with only mild
retinopathy.>

Somatostatin inhibits the in vitro secretion of prolactin from anterior
pituitary cells in monolayer cultures. However, the basal prolactin secretion and
the secretion induced by insulin, arginine and TRH in normal man has not been
shown to be inhibited by somatostatin . The present study was performed to
determine the diurnal plasma prolactin level in normals and juvenile diabetics
during 'daily life' conditions, and to investigate the effect of somatostatin

infusion on these levels.”
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Objectives

1.

To study the profile of thyroid hormones (TSH, T3, T4) leves in
diabetic patients type 2 and comparing with the control group.

To study the profile of Cortisol and Prolactin levels in diabetic patients
type 2 and comparing with the control group.

To study the relationship between thyroid hormones, cortisol and
prolactin in diabetic patients type 2.

To examine the relevance of several patients related parameters such as
age and body mass index in diabetes type 2.
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Materials and Methods

2.1 Chemicals
Specific chemicals used in this study are listed in table 2.1 with their
suppliers.

Table 2.1The chemicals and companies that supplied them

No. | Chemical substance Source

1 VIDAS TSH kit Biomerieux/France

2 VIDAS T3 kit Biomerieux/France

3 VIDAS T4 kit Biomerieux/France

4 VIDAS prolactin kit Biomerieux/France

5 VIDAS Cortisol kit Biomerieux/France

6 Glucose kit Biomaghreb/Tunisia
2.2 Apparatus

Table 2.2 Instruments and their companies that supplied

No. | Apparatus Source

1 MiniVidas instrument MiniVIDAS/France

2 UV-Vis Spectrophotometer Shimadzu UV-Vig/Japan

3 Incubator Memmert/Germany

4 Centrifuge Hettich/Germany

5 Oven Memmert/Germany

2.3 Patients and control groups
The study comprised on 68 diabetic patient (40 male and 28 female). Their
ages ranged from 40 — 70 years. The samples were obtained from Al-Kindy
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Teaching Hospital/ Speciaty Center for Endocrine and Diabetes / Department of
chemistry and Central Public Health Laboratory. All the patients were non smokers
and not have heart disease and thyriod disease. All measurements were during the
period from January 2010 to June 2010.

In addition 34 healthy subjects (20 male and 14 female) were taken as a
control group. They did not have any history of chronic disease and did not take
any treatment for chronic disease, all control from non smokers, and their ages
ranged from 40 — 70 years. The laboratory work was carried out in the Central
Public Health Laboratory.

2.4. Collection of samples

Patients should be fast at least 9-12 hours and all the samples collected before
10 am. Disposable syringes and needles were used for blood collection. Blood
samples (10mL) were obtained from diabetic patients (patients) and non diabetic
(control group) by vein puncture. Samples were allowed to clot at room
temeprature and then centrifuged at 3000 Xg for 10 minutes. Sera were devided
into two parts one removed and stored at -20°C until analysis in disposable serum

tubes, the other used in the measuring of glucose levels

2.5 Methods

2.5.1 Body MassIndex (BMI)

BMI has been proposed as an aternative to the traditionally used height-weight
tables in assessing obesity. BMI measures weight corrected for height and is
significantly correlated with total body fat content. BMI was calculated as weight
(in kilograms) divided by height (in meters) squared.

BMI= Weight (kg) / Height* (m?)
BMI was classified into :
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-Underweight when BM| < 18.5 kg/m®.

-Normal when BMI between 18.5-24.9 kg/m?
-Overweight when BMI between 25.0-29.9 kg/n.
-Obesity when BMI between 30.0-39.9 kg/m®.
-Extreme obesity when BMI >40.0 kg/m?.

2.5.2 Glucose
Principle

Glucose is oxidized by glucose-oxidase to gluconate and hydrogene peroxide
according to the following equation

GOD
Glucose+ O, ———— H,0, + Gluconate

Per oxidase
— >

2H,0; + phenol + 4Amino-antipyrine 4H,0, +Quinonimine

Reagent 1 Tris buffer pH= 7 100 mmol/I
Buffer solution Phenol 0,3 mmol/l
Reagent 2 Glucose oxidase 10 000 U/l
Peroxidase 1000 U/l
4-Amino-antipyrine 2,6 mmol/Il
Reagent 3 Standard glucose 100 mg/di
19/l
5,56 mmol/|
Table 2.3 Reagents of glucose kit
Procedure
Wavelengh © ..o 505 nm
TeMEratUre . .....ooveieieeeeee e 37°C
CUVELEE .o s 1 cm light path
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Zero adjustment : blank reagent

Blank Standard Sample
Standard o |-
Sample - 10 ul
Working reagent 1.0ml 1.0ml 1.0ml

Table 2.4 procedure of glucose kit

The solutions were mixed at room temperature (20°C -25°C), the color was
stable 30 mn.*°

Calculation

0.D.Sample

0.D.Standard x 100

Glucose conc. (mg/dl) =

Normal value : 90-126 mg/dl

2.5.3 M easurement of serum prolactin
Principle

The assay principle combines an enzyme immunoassay sandwich method
with afinal fluorescent detection (ELFA). The solid phase receptacle (SPR), serves
as the solid phase as well as the pipetting device for the assay. Reagents for the
assay are ready to use and predispensed in the sealed reagent strips. All the assay
steps are preformed automatically by the instrument. The reaction medium is
cycled in and out of the SPR severaltimes. The sample is taken and transferred into
the well containing the alkaline phosphates-labeled anti-prolactin (conjugate). The
sample/conjugate mixture cycled in and out of the SPR several times to increase
the reaction speed. The antigen binds to antibodies coated on the SPR and to the
conjugate forming a sandwich. Unbound components are eliminated during the
washing steps. During the final detection step, the substrate 4-methyl-umbelliferyl
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phosphate is cycled in and out the SPR. The conjugate enzyme catalyzes the
hydrolysis of the substrate into fluorescent product 4-methyl-umbelliferon. The
fluorescence of which is measured at 450 nm. The intensity of the fluorescenceis
inversely proportional to the concentration of the antigen present in the sample.
Results are automatically calculated from the calibration curve stored in the

memory, and then printed out .

Procedure

1. Required reagent was taken from the refrigerator and allowed to come to room
temperature for at least 30 minutes.

2. One of prolactin strips and one SPR were used for each sample.

3. Prolactin was selected to enter the code and identified by Sland tested in
duplicate. The control was aso identified by C1.

4. Sampleswere clarified by centrifugation.

5. The calibrator, control and samples were mixed using vortex- mixer.

6. Two hundred pL of sample, was pipetted into the sample wells.

7. The SPRs and strips were inserted into the instrument .

8. The assay was initiated as directed in the operators manual. All the assay steps
were performed automatically by the instrument. The assay was completed
within approximately 40 minutes .

9. After the assay was completed, the SPRs and strips were removed from the
instrument .

10. The used SPRsand strips were disposed into an appropriate recipient.”’

2.5.4 M easurement of serum Cortisol
Principle
VIDUS Cortisol S is an automated assay for the VIDUS system, which
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enables cortisol in human serum or plasma to be directly quantitatively
measured.The assay principle combines an enzyme immunoassay competition
method with a final fluorescent detection (ELFA). The solid phase receptacle
(SPR), serves as the solid phase as well as the pipetting device for the assay.
Reagents for the assay are ready to use and predispensed in the sealed reagent
strips. All the assay steps are preformed automatically by the instrument. The
reaction medium is cycled in and out of the SPR several times. The sample is
transferred into the well containing the conjugate: akaline phosphatase-labled
cortisol derivative. The cortisol in the sample will compete with the cortisol
derivative in the conjugate for sites on the specific anti-cortisol antibody which is
fixed onto the interior of the SPR. Unbound components are eliminated during the
washing steps. During the final detection step, the substrate 4-methyl-umbelliferyl
phosphate is cycled in and out the SPR. The conjugate enzyme catalyzes the
hydrolysis of the substrate into fluorescent product 4-methyl-umbelliferon. The
fluorescence of which is measured at 450 nm. The intensity of the fluorescence is
inversely proportional to the concentration of the antigen present in the sample.
Results are automatically calculated from the calibration curve stored in the

memory, and then printed out .

Procedure

1. Required reagent was taken from the refrigerator and allowed to come to room
temperature for at least 30 minutes.

2. One of Cortisol strips and one SPR were used for each sample.

3. Cortisol was selected to enter the code and identified by Sland tested in
duplicate. The control was also identified by C1.

4. Sampleswere clarified by centrifugation.

5. The cdibrator, control and samples were mixed using vortex- mixer.
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6. 150 pyL of sample, was pipetted into the sample wells.

7. The SPRs and strips were inserted into the instrument .

8. Theassay was initiated as directed in the operators manual. All the assay steps
were performed automatically by the instrument. The assay was completed
within approximately 40 minutes .

9. After the assay was completed, the SPRs and strips were removed from the
instrument .

10. The used SPRsand strips were disposed into an appropriate recipient.”®

2.5.5 M easurement of serum thyroid stimulating hor mone
Principle

The assay principle combines an enzyme immunoassay sandwich method
with afina fluorescent detection (ELFA). The solid phase receptacle (SPR), serves
as the solid phase as well as the pipetting device for the assay. Reagents for the
assay are ready to use and predispensed in the sealed reagent strips. All the assay
steps are preformed automatically by the instrument. The reaction medium is
cycled in and out of the SPR severaltimes. The sample is taken and transferred into
the well containing the akaline phosphates-labeled anti-TSH (conjugate). The
sample/conjugate mixture cycled in and out of the SPR several times to increase
the reaction speed. The antigen binds to antibodies coated on the SPR and to the
conjugate forming a sandwich. Unbound components are eliminated during the
washing steps. During the final detection step, the substrate 4-methyl-umbelliferyl
phosphate is cycled in and out the SPR. The conjugate enzyme catalyzes the
hydrolysis of the substrate into fluorescent product 4-methyl-umbelliferon. The
fluorescence of which is measured at 450 nm. The intensity of the fluorescenceis

inversely proportional to the concentration of the antigen present in the sample.
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Results are automatically calculated from the calibration curve stored in the

memory, and then printed out .

Procedure

1. Required reagent was taken from the refrigerator and allowed to come to room
temperature for at least 30 minutes.

2. One of TSH stripsand one SPR were used for each sample.

. TSH was selected to enter the code and identified by Sland tested in duplicate.

w

The control was aso identified by C1.
. The calibrator, control and samples were mixed using vortex- mixer.
. Two hundred pL of sample, was pipetted into the sample wells.
. The SPRs and strips were inserted into the instrument .

~N o o1 b~

. The assay was initiated as directed in the operators manual. All the assay steps
were performed automatically by the instrument. The assay was completed
within approximately 40 minutes .

8. After the assay was completed, the SPRs and strips were removed from the

instrument .

9. The used SPRsand strips were disposed into an appropriate recipient.”

2.5.6 M easurement of serum triiodothyronine
Principle

The assay principle combines an enzyme immunoassay competition method
with afina fluorescent detection (ELFA). The solid phase receptacle (SPR), serves
as the solid phase as well as the pipetting device for the assay. Reagents for the
assay are ready to use and predispensed in the sealed reagent strips. All the assay
steps are preformed automatically by the instrument. The reaction medium is

cycled in and out of the SPR severaltimes. The sample is taken and transferred into

33



Materials and Methods

the well containing the T3 antigen labled with alkaline phosphates (conjugate).
Competition occures between the antigen present in the sample and the labled
anntigen for the specific anti-T3 antibodies coated on the interior of the SPR.
Unbound components are eliminated during the washing steps. During the final
detection step, the substrate 4-methyl-umbelliferyl phosphate is cycled in and out
the SPR. The conjugate enzyme catalyzes the hydrolysis of the substrate into
fluorescent product 4-methyl-umbelliferon. The fluorescence of which is
measured at 450 nm. The intensity of the fluorescence isinversely proportiona to
the concentration of the antigen present in the sample. Results are automatically

calculated from the calibration curve stored in the memory, and then printed out .

Procedure
1. Required reagent was taken from the refrigerator and allowed to come to room
temperature for at least 30 minutes.

2. One of T3 stripsand one SPR were used for each sample.

w

. T3 was selected to enter the code and identified by Sland tested in triplicate.
The control was aso identified by C1.

. Sampleswere clarified by centrifugation.

. The calibrator, control and samples were mixed using vortex- mixer.

. One hundred pL of sample, was pipetted into the sample wells.

. The SPRs and strips were inserted into the instrument .

o N O 0o A~

. The assay was initiated as directed in the operators manual. All the assay steps
were performed automatically by the instrument. The assay was completed
within approximately 40 minutes.

9. After the assay was completed, the SPRs and strips were removed from the

instrument .

10. The used SPRsand strips were disposed into an appropriate recipient.’
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2.5.7 Measurement of serum thyroxine
Principle

The assay principle combines an enzyme immunoassay competition method
with afinal fluorescent detection (ELFA). The solid phase receptacle (SPR), serves
as the solid phase as well as the pipetting device for the assay. Reagents for the
assay are ready to use and predispensed in the sealed reagent strips. All the assay
steps are preformed automatically by the instrument. The reaction medium is
cycled in and out of the SPR severaltimes. The sample is taken and transferred into
the well containing the T4 antigen labled with alkaline phosphates (conjugate).
Competition occures between the antigen present in the sample and the labled
anntigen for the specific anti-T4 antibodies coated on the interior of the SPR.
Unbound components are eliminated during the washing steps. During the final
detection step, the substrate 4-methyl-umbelliferyl phosphate is cycled in and out
the SPR. The conjugate enzyme catalyzes the hydrolysis of the substrate into
fluorescent product 4-methyl-umbelliferon. The fluorescence of which is
measured at 450 nm. The intensity of the fluorescence isinversely proportiona to
the concentration of the antigen present in the sample. Results are automatically

calculated from the calibration curve stored in the memory, and then printed out .

Procedure

1. Required reagent was taken from the refrigerator and allowed to come to room

temperature for at least 30 minutes.

2. One of T4 strips and one SPR were used for each sample.

3. T4 was selected to enter the code and identified by Sland tested in triplicate.
The control was aso identified by C1.

4. Sampleswere clarified by centrifugation.
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5. The cdibrator, control and samples were mixed using vortex- mixer.

6. One hundred pL of sample, was pipetted into the sample wells.

7. The SPRs and strips were inserted into the instrument .

8. Theassay was initiated as directed in the operators manual. All the assay steps
were performed automatically by the instrument. The assay was completed
within approximately 40 minutes.

9. After the assay was completed, the SPRs and strips were removed from the
instrument .

10. The used SPRsand strips were disposed into an appropriate recipient.®

2.6 Biostatistical Analysis

The data expressed as mean + SD. Statistical analyses were done by using t-
test. Pearson s correlations were also performed. Statistical analysis was performed
with the SPSS 16 statistical Package for social sciences and also Excel 2007 with
significant difference was set at P<0.05.
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Results and Discussion:

3.1 Serum thyroid hormones, cortisol, prolactin and fasting serum
glucose levelsin patients and the control group.

Sera of 68 diabetic type 2 patients and 34 healthy person individuals were
control group, they were included for the estimation of hormone levels. Results
demonstrated significant increase in T4 (p <0.05), and Cortisol (p<0.05) levels, and
significant decrement in TSH (p<0.05), on the other hand the results demonstrated
nonsignificant decrement in T3 (p>0.05) levels, and nonsignificant enhancement in
prolactin (p>0.05) levels in diabetic patients type 2 when compared with the
control group. Fasting serum glucose levels of diabetic patients type 2 indicated
significant enhancement (p<0.001) when compared with the control group as
shownintable3.1and 3.2 .

The evaluation of thyroid hormones level in diabetic patients exhibited low
levels of TSH and T3 in association with elevated T4 levels. The most likely
attribution for this finding is the decrement in the synthesis of TRH in diabetic
patients, and this could be responsible for the occurrence of low thyroid hormone
levels in diabetics.®™ This finding show a high incidence of abnormal thyroid
hormone levels (high and low) in the diabetic patients. Our observation is in
agreement with that reported by Suzuki et a.*® and Smithson ,** who in separate
studies found altered thyroid hormone levels of different magnitudes in diabetic
patients. The abnormal thyroid hormone levels may be the outcome of the various
medications the diabetics were receiving. For example, it is known that insulin, an
anabolic hormone, enhances the levels of FT4 while suppresses the levels of T3 by
inhibiting hepatic conversion of T4 to T3.°

With regard to glucose disposal, the intracellular T3 content in skeletal

muscle and white adipose tissue can be considered as an important factor in the
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highly regulated transcription/intracellular redistribution of Glucose transporter
type 4 (GLUT-4) which result in a decreased intracellular conversion of the
prohormone T4 to its active metabolite T3, in secondary individiuals, low
intracellular levels of T3 may reduce GLUT-4 transcription, leading to decrease
insulin-stimulated glucose disposal. ®* A decrease in the circulating T3 levels

lead to hepatic gluconeogenesis.’’

The other explanation of this finding is the non thyroidal diseases such as

liver disease and Cushing syndrome where low thyroid hormone levels were
recorded.’ ™"
The current results demonstrate the promotion of cortisol levels these
promotion may be depend on hyperglycemia. It seems probable that the
stimulatory effect of cortisol on these variables is a consequence of the direct
action of cortisol on hepatic gluconeogenesis.”” Moreover, in a clinical research
center study, Tayek’s group also suggested that type 2 diabetic patients might have
a mild form of injury response, based on their findings that both type 2 diabetics
and cancer patients had; significantly elevated circulating concentrations of
cortisol, glucose; depressed triiodothyronine (T3); and elevated glucose production
rates. The increased cortisol concentrations were in agreement with Richardson
and Tayek™ they suggest, that individuals with type 2 diabetes may be under minor
stress. Increased cortisol secretion is probably aso accompanied by increased
sympatho-adrenal tone. In patients with type 2 diabetes, counter-regulation is
known to start at normoglycemic thresholds, indicating elevated sympathetic
neural outflow.”™®

Other studies indirectly suggest that cortisol is dysregulated in type 2
diabetics. Atiea and colleagues demonstrated that type 2 diabetics do not undergo

the dawn phenomenon,” measuring blood cortisol hourly between midnight and 9
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AM, this study demonstrated that cortisol levels were significantly higher in newly
diagnosed diabetics, especially between 3and 4 AM. "

The elevated levels of prolactin in serum of patients with diabetes
occasionaly observed hyperprolactinaemia in diabetic patients is not clear.
Hyperprolactinaemia is the most common endocrine abnormality of hypothalamo-
pituitary axis and prolactin (PRL) is the most commonly hypersecreted hormone
by pituitary adenomas.” Differences in dietary habits would be one possible
explanation since diet is known to influence serum prolactin levels.***% An
aternative possibility would be abnormalities developing from microvascular
infarcts of the pituitary stalk which interfere with the inhibitory stimuli of prolactin
secretion. It is noteworthy in this regard to mention that pituitary infarction has
been associated with diabetes mellitus.”

The high levels of fasting serum glucose in patient with diabetes because
Insulin resistance, decreased insulin secretion, and increased hepatic glucose

output are the hallmarks of type 2 diabetes.*

3.2 Levelsof thyroid hormones, cortisol, prolactin and fasting serum
glucose in various subgroups of type 2 diabetic patients and the

control group

To evaluate serum hormonal levels in various subgroups of type 2 diabetic
patients, patients were categorized into three groups according to the results of
their BMI analysis. Group 1 consisted of 16 patients with normal BMI, group 2
contained 31 patients with overweight BMI, group 3 comprised of 21 patients with
obese type 2 diabetic patients. The statistical analysis of results was carried out
using the ANOVA analysis. The results of TSH, T3, T4, cortisol, prolactin and

fasting serum glucose levels, significant (p<0.05) increases were indicated for the
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levels of T4 and cortisol in the three groups and significant (p<0.05) decreases
were indicated for the levels of TSH in both overweight and obese groups when
compared with the control group. Significant (p<0.01) increases were indicated for
the levels of fasting serum glucose in three groups when compared with the control
group. On the other hand prolactin levels did not show significant variation in the
three groups as shown in table 3.3.

In this subgroups we show that the percents of paitients according to their
BMI as the following : 23% were normal BMI type 2 diabetic patients, 46% were
overweight BMI type 2 diabetic patients, and 31% were obese BMI type 2 diabetic
patients.

The fasting serum glucose of all subgroups show highly significant P- value
levels, these levels because the insulin resistance and the decrement in insulin
secretion.”

The levels of TSH shows significant P-value in overweight and obese
subgroups only, the evidence of this results may be because the decrement of TRH
from the hypothalamus in overweigh and obese diabetic patients that is causes
because the increasing the T4 |levels that make a negative feedback to the TRH. %

The levels of T4 shows significant in all subgroups because the disorders in
thyroid gland response to TSH in diabetic type 2 patients, and because T4 not
convert to it’s active form T3, %"

The levels of corisol shows significant P-value in al groups because the
cortisol levels contributed by the CRH from hypothalamus which stimulates by the
stress and overweight, thereis alink between high cortisol level and obesity by the
role of crtisol in the storage of body fat particularly “ visceral” abdominal body fat.

Visceral fat is particularly unhealthy and cause diabetes, %%
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3.3 Correlations of serum thyroid hormones, cortisol, prolactin and
fasting serum glucose levels with BM1 in patients and the control

group.

To verify the correlation of serum thyroid hormones, cortisol, prolactin and
fasting serum glucose levels with BMI in diabetic patients, the linear regression
anaysis was used to analyze the data. The result indicated significant (r =- 0.310,
P<0.05) negative correlations for serum cortisol levels with BMI in diabetic
patients type 2. Significant positive correlation was obtained for fasting serum
glucose (r=0.293 , p<0.05) and TSH (r=0.275 , P<0.05) levels with BMI in patients
with diabetes type 2, as shown in table 3.4

BMI showed a positive correlation with fasting serum glucose, Significant
increase in mean fasting serum glucose, the mechanism by which obesity induces
insulin resistance is poorly understood, but a number of mechanisms have been
suspected to be involved. Obesity causes periphera resistance to insulin-mediated
glucose uptake and may also decrease the sensitivity of the beta-cells to glucose.™
These changes are largely reversed by weight loss, leading to a fall in blood
glucose concentrations towards normal levels. Weight gain precedes the onset of
diabetes; conversely, weight loss is associated with a decreased risk of type 2
diabetes. %

A positive correlation between BMI and blood glucose was also reported by
other studies. Ethnicity affects the association between obesity and diabetes and
that probably explains the different levels of association between obesity and blood
glucose levels which are observed in various studies.***>

The abnormal vaues of cortisol in obese diabetic patients with high fasting
serum glucose was attributed to the metabolic syndrome is particularly associated
with the accumulation of visceral fat.”” The difference in glucose tolerance despite

a similar degree of overweight suggests that the glucose-intolerant subjects might
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have been more centrally obese. Noteworthy, it has been demonstrated that visceral
obesity is directly related to an impaired cortisone to cortisol conversion.”

This results agree with other study (andrews et a) explain the differencesin
glucose-intolerant subjects compared with normal subjects with matched body
mass indices.”

A significant and positive correlation was observed between serum level of
TSH and BMI in the control group. This results because the insulin influences the
hypothal amic-pituitary-thyroid axis, the existant of a reset mechanism of the
central thyrostat in an obese subject is an attractive hypothesis.'®

The other hormones show nonsignificant levels with BMI in both diabetic

and control group.

3.4 Correlations of serum thyroid hormones, cortisol and prolactin
levels with fasting serum glucose levelsin patients and the control

group.

To verify the correlation of serum thyroid hormones, cortisol, prolactin and
fasting serum glucose levels with BMI in diabetic patients, the linear regression
analysis was used to analyze the data. The result indicated significant (r =-0.249,
P<0.05) negative correlations in cortisol levels with fasting serum glucose of
diabetic patients type 2. Significant positive correlation was obtained for TSH
(r=0.258, P<0.05) as shown in table 3.5

Typicaly, blood glucose levels are unaffected by hypothyroidism because
insulin sengitivity is not altered. In fact, in patients utilizing exogenous insulin,
there may be a decrease in insulin requirements from reduced insulin
degradation.104 Therefore, typicaly, glucose remains stable or improves while a
person is hypothyroid. Once thyroid treatment is initiated, patient education and
close observation is vital because normalization of the thyroid may potentially lead
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to higher blood glucose levels and loss of diabetes control. In contrast,
hyperthyroidism causes insulin resistance and may unmask impaired glucose
tolerance and diabetes in previously undiagnosed patients.'”™ The significant T4
level with fasting serum glucose in patients groups, may be explained when T4 is
the main secretory product of thyroid gland and this show direct role in insulin
secretion, or that sub clinical hypothyroidism may be associated with fasting
hyperinsulinemia. '%*'%

The significance of cortisol dysregulation is related to the action of cortisol.
Cortisol aters blood glucose by affecting glucose transporters in peripheral tissues
such as fat and skeletal muscle.'” Thus cortisol can contribute to elevated blood
glucose levels due to inefficient uptake of glucose in the peripheral tissues. While
the effects of cortisol on glucose suggest that it may be involved in the cause or
progression of type 2 diabetes, there is little clinica evidence to support this
theory. However, cortisol has been linked to obesity, specifically central obesity
where the excess fat is carried on the midsection of the individual, which is arisk
factor for type 2 diabetes.'®'® Higher levels of cortisol can increase glucose
production in the liver, inhibit glycogen synthesis, increase lipid accumulation, and
decrease insulin secretion. This combination of events is a probable contributor to
the development of type 2 diabetes, 1%+

Other suggestion of correlation of cortisol is that serum cortisol may influence
glucose production. This may be via its ability to stimulate gluconeogenesis.
Serum cortisol is directly correlated with the gluconeogenesis in both healthy
volunteers and patients with diabetes type 2.

The other hormones show nonsignificant levels with cortisol level in both

diabetic and control group.
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3.5 Correlation of serum thyroid hormones and prolactin levels with
cortisol levelsin patients and the control group.

To verify the correlation of serum thyroid hormones and prolactin levels
with cortisol in diabetic patients, the linear regression analysis was used to analyze
the data. The result indicated significant (r = - 0.281, P<0.05) negative correlations
In T4 serum with cortisol levels of diabetic patients type 2, as shown in table 3.6

The cause of significant T4 with cortisol was not clear but the most likely
effective factor is the stress, which is associated with DM2, it may also causes
changes in the hypothalamus anterior-pituitary axis in diabetics mellitus type 2. It
appears that the presence of subclinical hypothyroidism and hyperthyroidism may
result from hypothalamus-hypophyseal-thyroid axis disorders.'”

The other hormones show nonsignificant levels with cortisol level in both

diabetic and control group.

3.6 Corrélation of serum thyroid hormones levels with prolactin
level in patients and the control group.

All thyroid hormones levels show nonsignificant with prolactin levels in
both patient group and the control group as shown in table 3.7

We can consider the relation between prolactin and thyroid hormones by the
effects of TRH on both prolactin and TSH (TSH contribute the secretion of T4 and
T3). The effect of TRH on prolactin and TSH are reverse, high prolactin levels are

found in primary hypothyroidism (decrement of TSH).™
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Table 3.1 levels of serum thyroid hormonal profile in diabetic patient and the
control group

Parameters Groups Meant SD P-value
1.72+0.12
*Control
TSH (MiU/mL) *Patient 159+ 05 0047
Control 1.81+0.62 0,084
T3 (nmol/L) Patient 1,59+ 0.54 '

81.37 + 16.74

Control 0.014
T4 (nmol/L) Patient 90.56 + 18.34

*:Control group NO. = 34
*:Patients group NO. = 68
SD: Standard deviation.

Table 3.2 levels of serum fasting glucose, cortisol and prolactin in diabetic patient
and the control group

Parameters Groups Mean+ SD P-value
Fasting serum glucose | *Control 98.04+24.5 0.001
(mg/dL) * Pgtient 166.33+64.8 :

103.05 + 34.69

Cortisol (ng/mL) Contral 0.036
Patient 120.49 + 45.77

Control 8.4+ 452
Prolactin (ng/mL) Patient 10.26 + 6.01 0.076

*:Control group NO. = 34
*:Patients group NO. = 68
SD: Standard deviation.
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3.3 ANOVA analysis of thyroid hormones, Cortisol, prolactin and fasting
serum glucose data in subgroups of type 2 diabetic patients and the control

group

Parameters A& B A&C A&D
TSH 0.058 0.046 0.05
T3 0.082 0.097 0.093
T4 0.016 0.018 0.027
Cort. 0.033 0.047 0.049
PRL 0.19 0.083 0.12
Fasting serum glucose <0.001 <0.001 <0.001

A : Control group : 34
B : Normal BMI of type 2 diabetic patients group : 16
C: Overweight BMI of type 2 diabetic patients group : 31

D: Obese BMI of type 2 diabetic patients group : 21
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Table 3.4 Correlations of serum fasting glucose, thyroid hormons, cortisol and
prolactin levels with BMI in diabetic patient and the control group

Par ameters Diabetic patients Control
r P r p
fasting serum glucose 0.293 0.015 0.132 0.626
TSH 0.275 0.023 0.198 0.461
T3 0.181 0.140 0.198 0.463
T4 0.081 0.512 -0.026 0.923
Cortisol -0.310 0.01 0.317 0.232
Prolactin 0.055 0.670 0.159 0.557

Table 3.5 Correlations of serum thyroid hormons, cortisol and prolactin levels with
fasting serum glucose in diabetic patient and the control group

Diabetic patients Control
Parameters
r P r p
TSH 0.258 0.033 -0.368 0.161
T3 -0.146 0.236 0.137 0.612
T4 -0.050 0.685 0.156 0.563
Cortisol -0.249 0.04 0.151 0.576
Prolactin -0.183 0.150 -0.165 0.179
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Table 3.6 Correlation of serum thyroid hormons and prolactin levels with cortisol

levels in diabetic patient and the control group

Diabetic patients Control
Parameters
r P r P
TSH -0.12 0.329 0.175 0.518
T3 -0.144 0.299 0.457 0.075
T4 -0.281 0.02 0.190 0.480
Prolactin 0.201 0.146 -0.248 0.35

Table 3.7 Correlation of serum thyroid hormons levels with prolactin levels in

diabetic patient and the control group

Diabetic patients Control
Parameters
r P r P
TSH 0.048 0.709 0.211 0.0841
T3 0.090 0.485 -0.356 0.176
T4 -0.028 0.829 -0.290 0.277
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Conclusions

1. Diabetic type 2 patients are more susceptible to the development of thyroid
hormones dysfunction and cortisol dysfunction.

2. Diabetic type 2 patients are the most vulnerable for hyper prolactinemia.

3. The obese people are the most susceptible to the development of diabetes

type 2.

Futureworks

1. Evaluation of the impact of insulin resistance on the deposition of amyloid

in the pancreatic B-cells.
2. The effect of diabetes type 2 on pregnant women.
3. Investigate the effect of diabetes type 2 on kidney's disorders.

49



References



References

References

1.

Bullock B.L. Pathophysiology Adaptations and Alterations in Function. 4"
ed.. Lippincott, Philadelphia 1996; 847-883.

Nelson D.L. and Cox M.M. Lehninger Principles of Biochemistry. 4th ed..
W.H. Freeman and Company New Y ork 2005; 648-649.

Murray R.K., Granner D.K., Mayes P.A. and Rodwell V.W.. Harper's
Biochemistry. 28thEd. Mc Graw Hill 2009; 442-463.

WHO. Laboratory Diagnosis and Monitoring of Diabetes Mdllitus. WHO
Documents Production Services, Geneva, Switzerland. 2002; 24:152-1509.
Moghiss ES. American Association of Clinical Endocrinologists and
American Diabetes Association consensus statement on inpatient glycemic
control. Diabetes Care 2009; 32(6):1119-1131.

NIDDK [National Institute of Diabetes and Digestive and Kidney
Diseases, NIH]. (2008).

Rich SS. "Genetics of diabetes and its complications'.J. Am. Soc.
Nephrol.2006; 17 (2): 353-60.

Kasper, D.L.; Fauci, A.S.; Longo, D.L.; Braunwald, E.; Hauser, S.L. and
Jameson, JL.. Harison’s Principles of Internal Medicine. 16th ed..
McGraw-Hill. 2005; 2: 946-953.

Michagl W. King, Ph.D / 1U School of Medicine / miking at iupui.edu / ©
1996-2011.

10.Champe P.C., Harvey R.A. and Ferrier D.R.. Lippincott's illustrated

reviews. Biochemistry. 3rd ed.. Lippincott Williams and Wilkins,
Baltimore. (2011); 225-235.

11.Belchetz P. and Hammond P.J.. Clinica Presentation of Diabetes. In

Diabetes and Endocrinology. Mosby, Elsevier Science Limited 2003;5-22.

50



References

12.Paz Vital, Elena Larrieta and Marcia Hiriart; Sexual dimorphism in insulin
sensitivity and susceptibility to develop diabetes in rats. J.End. 2006; 190:
425-432.

13.Harris MI, Flega KM, Cowie CC, and et al. Prevalence of diabetes,
impaired fasting glucose, and impaired glucose tolerance in U.S. adults:
the Third National Health and Nutritional Examination Survey. Diabet.
Care 21:518 -524, 1998.

14.ADA (American Diabetes Association). Diagnosis and classification of
diabetes mellitus. Diabetes Care 2009;32(1): 62-67.

15.0'Connor JC, Johnson DR, Freund GG. Psychoneuroimmune implications
of type 2 diabetes. Neurologic Clinics 2006; 24(3): 539-59.

16.Lyssenko V, Jonsson A, Almgren P. "Clinica risk factors, DNA variants,
and the development of type 2 diabetes'. The New England Journa of
Medicine,2008; 359(21): 2220-2232.

17.Lang IA, Galloway TS, Scarlett A. "Association of urinary bisphenol A
concentration with medical disorders and laboratory abnormalities in
adults'. JAMA,2008; 300(11): 1303-10.

18.Lara-Castro C, Fu Y, Chung BH, Garvey WT. "Adiponectin and the
metabolic syndrome: mechanisms mediating risk for metabolic and
cardiovascular disease". Curr. Opin. Lipidol.2007; 18 (3): 263—70.

19.0gden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM.
Prevalence of overweight and obesity in the United States. Jama. 2006;
295: 1549-1555.

20.Gerald Reaven, Fahim Abbasi, and Tracey Mclaughlin. Obesity, Insulin
Resistance, and Cardiovascular Disease. School of Medicine, Stanford
University, Stanford, California, End. Soc., 2004;94305:207-223.

51


http://en.wikipedia.org/wiki/The_New_England_Journal_of_Medicine�
http://en.wikipedia.org/wiki/The_New_England_Journal_of_Medicine�
http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?an=00041433-200706000-00007�
http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?an=00041433-200706000-00007�
http://meta.wkhealth.com/pt/pt-core/template-journal/lwwgateway/media/landingpage.htm?an=00041433-200706000-00007�
http://en.wikipedia.org/w/index.php?title=Curr._Opin._Lipidol.&action=edit&redlink=1�

References

21.Hoerger TJ, Segel JE, Gregg EW, et a. Is glycemic control improving in
US adults? Diabetes Care. 2008;31;81-86.

22.ADA (American Dietetic Association). Position of the American Dietetic
Association: health implications of dietary fiber. Journal of the American
Dietetic Association 2008; 108(10): 1716-1731.

23.Kashgari A.: Towards a national program for the prevention of diabetesin
Saudi Arabia. In Diabetes . International 2000; 10: 1.

24.0'Connor JC, Johnson DR, Freund GG. Psychoneuroimmune implications
of type 2 diabetes. Neurologic Clinics 2006; 24(3): 539-59.

25.Monnier L, Colette C, Owens DR.. Integrating glycaemic variability in the
glycaemic disorders of type 2 diabetes: a move towards a unified glucose
tetrad concept. DiabetesMetabolism Research and Reviews 2009;25(12):
393-402.

26.ADA (American Diabetes Association). Standards of medical care in
diabetes. Diabetes Care 2009; 32(1):13-61.

27.Basu A, et al.. Effects of type 2 diabetes on insulin secretion, insulin
action, glucose effectiveness, and postprandial glucose metabolism.
Diabetes Care 2009; 32(5): 866-873.

28.Maitra A.. The endocrine system. In V Kumar, AK Abbas, N Fausto, and
JC Aster (eds.), Robbins and Cotran: Pathologic Basis of Disease, 8th ed.
Philadel phia: Elsevier, Ch. 24. 2009; 942-946.

29.Pilkis SJ and Granner DK: Molecular physiology of the regulation of
hepatic gluconeogenesis and glycolysis Annu Rev physiol 1992; 54 :885.

30.Burtis A & Ashwood R. : Carbohydrates, In: tietz textbook of clinical
chemistry4th ed, 2008; 2;371-431.

31.Jarvinen YH: Action of insulin on glucose metabolism in vivo. Baillieres
Clin. Endocrinol. Metab. 1993; 7: 903,

52



References

32.Buse JB, Polonsky KS, Burant CF.. Type 2 diabetes mellitus. In HM
Kronenberg, S Melmed, KS Polonsky, and PR Larsen (eds.), Williams
Textbook of Endocrinology, 11th ed. Philadelphia: Saunders, 2008; 2832—
2844,

33.Burant CF et a.. Mammalian glucose transporters. structures and
molecular regulation. Recent prog. Horm. Res. 1991, 47: 349.

34.Baum SJ, Scaife C. W. J.. Chemistry: A life Sceince approach; 2nd ed.,
1978; 710- 711.

35.Drucker DJ, Nauck MA.. The incretin system: glucagon-like peptide-1
receptor agonists and dipeptidyl peptidase-4 inhibitors in type 2 diabetes.
Lancet 2006;368(9548): 1696—1705.

36.Joffe D, Yanagisawa R.. Metabolic syndrome and type 2 diabetes: Can we
stop the weight gain with diabetes? Medical Clinics of North America
2007;91(6):1107-1123.

37.Whitby L.G., Smith A.l, Beckett G.J.: Lecture notes on clinical chemistry,
4th ed, 1988; 223-261.

38.Marshal WJ, Bangert SK. The hypothalamus and the pituitary gland.
Clinical chemistry. 6th Ed. MOSBY ELSEVIER 2008;133-154.

39.Baynes JW, Dominiczak MA. Biochemical Endocrinology.Medica
Biochemistry. 3rd Ed. ELSEVIER MOSBY 2009;523-540.

40.Murray RK, Bender DA, Botham KM, Kennelly PJ, Rodwell VM, Well
PA. The diversity of the endocrine system. Harpers Illustrated
Biochemistry. 28thEd. Mc Graw Hill 2009;442-463 .

41.Porterfield SP. The thyroid gland. In Endocrine Physiology. St. Louis,
Mo., Mosby 1997;. 57-81.

53



References

42.Delange FM, Ermans A: lodine deficiency. In Werner and Ingbar’'s The
Thyroid. 7th ed. Braverman LE, Utiger RD, Eds. Philadel phia, Lippincott-
Raven, 1996, 296-316.

43.Perros P., McCrimmon R., Shaw G. and Frier B.. Frequency of thyroid
dysfunction in diabetic patients. value of annual screening. Diabet. Med.
1995;7:622—627.

44.Udiong C.E.JA., Udoh E. and Etukudoh M.E.. Evauation of thyroid
function in diabetes mellitus in Calabar, Nigeria. Indian J. Clin. Biochem.,
2007;22:74-78.

45.Dias C.M., Nogueira P., Rosa A.N., De-Sa JV., Gouvea M.F., and
Mannho-Falcos C.M.. Total cholesterol and high-density cholesterol in
patients with insulin dependent diabetes mellitus. Acta. Medica. 1995;8:
619-628.

46.Cavo R., Escobar M.G., Escobar R.F, and Oberegon M.J.. Maternd
nonthyroidal illness and fetal thyroid hormone status, as studied in the
streptozotocin-  induced diabetes mellitus rat model. Endocrinal.,
1997;138:1159-1169.

47.Johnson J.L. and Duick D.S.. Diabetes and thyroid disease: A likely
combination. Diabetes Spectrum, 2002 ;15:140-142.

48.Wallerius S, Rosmond R, Ljung T, Holm G, Bjorntorp P.. Rise in morning
saliva cortisol is associated with abdominal obesity in men: a preliminary
report. J Endocrinol Invest. Jul 2003;26(7):616-6109.

49.Bauer ME. Stress, glucocorticoids and ageing of the immune system.
Stress 2005;8(1):69-83.

50.Bright GM.. Corticosteroid-binding globulin influences kinetic parameters
of plasma cortisol transport and clearance. J Clin Endocrinol Metab
1995;80:770-775.

54



References

51.King, Michagl W.. Lange Q& A USMLE Step 1 (Sixth ed.). New York:
McGraw-Hill, Medical Pub. Division 2005; 82.

52.Green KN, Billings LM, Roozendaa B, McGaugh JL, LaFerla FM:
Glucocorticoids increase amyloid and tau pathology in a mouse model of
Alzheimer’s disease. J Neurosci 2006;26:9047-9056.

53.Kulick R, Chaiseha Y, Kang S, Rozenboim |, EIl Halawani M. "The
relative importance of vasoactive intestinal peptide and peptide histidine
isoleucine as physiological regulators of prolactin in the domestic
turkey". Gen Comp Endocrinol 2005;142 (3): 267-273.

54.Landgraf R., Landgraf-Leurs M.M.C., Weissman A., Hrrl R., yon Werder,
K., Scriba P.C.. Prolactin: A diabetogenic hormone. Diabetologia 1977;13:
99-104.

55.Yamada M, Shibusawa N. and Ishii S.. Prolactin secretion in mice with
thyrotropin-releasing hormone deficiency. Endocrinology 2006;147: 2591-
2596.

56.Grodner M.; Anderson S.L. and Deyoung S.: Foundation and Clinical
Applications of Nutrition. 2nd ed.. Mosby. 2000;83:139-147.

57. Biomerieux: Manual of glucose determination by UV-Visible glucose Kit.

58. Biomerieux: Manual of TSH determination by VIDAS TSH Kit.

59. Biomerieux: Manual of T3 determination by VIDAS T3 kit.

60. Biomerieux: Manual of T4 determination by VIDAS T4 kit.

61. Biomerieux: Manual of cortisol determination by VIDAS cortisol kKit.

62. Biomerieux: Manual of Prolactin determination by VIDAS Prolactin kit.

63.Suzuki, J., Nanno, M., Gemma, R., Tanaka, I., Taminato, T., and Y oshimi,
T. The mechanism of thyroid hormone abnormalities in patients with
diabetes mellitus. Nippon Niabunpi. Gakki. Zasshi., 1994;7:465-470.

55



References

64.Smithson, MJ.. Screening for thyroid dysfunction in a community
population of diabetic patients. Diabet. Med. .1998;15:148-150.

65.Johnson, J.L. and Duick, D.S.. Diabetes and thyroid disease: A likely
combination. Diabetes Spectrum, 2002;15:140-142.

66.Cline G.W., Petersen K.F. and Karrask M. . Impaired glucose transport as
a cause of decrease insulin-stimulated muscle glycogen synthesisin type 2
diabetes. N. Engl. Med. 1999;34:240-246.

67.Kim SR., Tull E.S,, TabotE.O., Vogt M.T. and kuller L.H.. A hypothesis
of synergism: The intr relationship of T3 and insulin disturbanses in
metabolic homeostasic. Med Hypothesis 2002;59(6):660-666.

68.Abel E.D. Shephered P.R. and Kahn B.B.. Glucose transporters and
pathophysiologic states. In: Diabetes mellitus: A fundamenta and clinical
text. Lippincott-Revan , Philadel phia 1996;530-543.

69.Kahn B.B.. Facilitative glucose transporters. regulatory mechanisims and
dysregulation in diabetes. J. Clin. Invest. 1992;89:1367-1374.

70.Smith AF, Becket GJ, Waker SW, Rae PWH. Abnormalities of thyroid
function. Lecture Notes on Clinica Chemistry. 6th edition. Oxford: Black-
well Science Ltd. 1998; 91-104.

71.Dods, RF. Diabetes mellitus. Kaplan LA, Pesce AJ, Kazmierczak SC. ed.
In clinical chemistry, theory, analysis and correlation, 3rd edition.
Philadelphiac Mosby year book Inc.1996; 1148-58.

72.Sacks, DB .Carbohydrates. In Burtis C, Ashwood AR. Ed. Teitz text book
of Clinica Chemistry, 3rd Edition. Philadelphia: Saunders & Company
1999; 50-80.

73.Khani S & Tayek JA. Cortisol increases gluconeogenesis in humans: its
role in the metabolic syndrome. Clinical Science 2001;101:739—-747.

56



References

74.Richardson AP & Tayek JA. Type 2 diabetic patients may have a mild
form of an injury response: a clinical research center study. American
Journal of Physiology — Endocrinology and Metabolism 2002; 282: 1286—
1290.

75.Shamoon H, Friedman S, Canton C, Zacharowicz L, Hu M & Rossetti L.
Increased epinephrine and skeletal muscle responses to hypoglycemia in
non-insulin-dependent diabetes mellitus. Journa of Clinical Investigation
1994; 93:2562-2571.

76.Spyer G, Hatterdey AT, MacDonald IA, Amiel S & MacLeod KM.
Hypoglycaemic counter-regulation at normal blood glucose concentrations
in patients with well controlled type-2 diabetes. Lancet 2000;356:1970—
1974.

77.Sapolsky RM, Romero LM & Munck AU. How do glucocorticoids
influence stress responses? Integrating permissive, suppressive,
stimulatory, and preparative actions. Endocrine Reviews 2000; 21: 55-89.

78.Atiea JA, Adan SM, Owens DR, Luzio S. Early morning hyperglycaemia
“dawn phenomenon” in non-insulin  dependent diabetes mellitus
(NIDDM): effects of cortisol suppression by metyrapone. Diabetes Res.
Aug 1990;14(4):181-185.

79.Greenspan FS, Gardner DG. Prolactinomas. In: Basic & Clinical
Endocrinology, Seventh Edition. New York, USA: Lange Medical
Books/McGraw-Hill, Medical Publishing Division, 2004: 147-152.

80.Hill P.. Diet and plasma prolactin. American Journal of Clinical Nutrition
1981;34: 1162.

81.Hill P. & WYNDER E.L.. Diet and prolactin release. Lancet 1976;2: 806.

57



References

82.QUIGLEY M.E., ROPERT JF. & YEN S.S.C.. Acute prolactin release
triggered by feeding. Journa of Clinical Endocrinology and Metabolism
1981; 52, 1043.

83.KOVACS K.. Necrosis ofanterior pituitary in humans.
Neuroendocrinology 1969; 4:201.

84.John A.Type 2 Diabetes. In Hot Topix Diabetes. 1st Ed. HANLEY &
BELFUS 2003;85-105.

85.Greco AV, Mingrone G, Giancaterini A, et a. Insulin resistance in morbid
obesity: reversa with intramyocellular fat depletion. Diabetes
2002;51:144-51.

86.Saravanan P, Siddique H, Simmons DJ, Greenwood R, Dayan CM.
"Twenty-four-hour hormone profiles of TSH, Free T3 and free T4 in
hypothyroid patients on combined T3/T4 therapy". Exp. Clin. Endocrinol.
Diabetes ,2007;115 (4): 2617.

87.Knudsen N, Laurberg P, Rasmussen LB, Bulow |, Perrild H, Ovesen L &
Jorgensen T. “Small differences in thyroid function may be important for
body mass index and the occurrence of obesity in the population”. Journal
of Clinical Endocrinology and Metabolism 2005;90: 4019-4024..

88.lacobellis G, Ribaudo MC, Zappaterreno A, lannucci CV & Leonetti F.
“Relationship of thyroid function with body mass index, leptin, insulin
sengitivity and adiponectin in euthyroid obese women”. Clinica
Endocrinology 2005;62: 487—491.

89.Laitinen, J.,, Ek, E., & Sovio, U. Stress-related eating and drinking
behavior and body mass index and predictors of this behavior. Preventive
Medicine, 2002, 34, 29-39.

90.Dallman, M.F., Pecoraro, N., Akana, SFF., La Fleur, SE., Gomez, F.,
Houshyar, H., Bell, M.E., Bhatnagar, S., Laugero, K.D., & Manalo, S.

58



References

Chronic stress and obesity: a new view of "comfort food". Proceedings of
the National Academy of Sciences, (2003), 30, 11696-11701.

91.Felber JP. From obesity to diabetes. Pathophysiological considerations. Int
J Obes Relat Metab Disord 1992; 16(12):937-52.

92.Knowler WC, Pettitt DJ, Saad MF, Charles MA, Nelson RG, Howard BV,
Bogardus C, Bennett PH. Obesity in the Pima Indians: its magnitude and
relationship with diabetes. Am J Clin Nutr. 1991; 53(6):1543-1551.

93.Adamu GB, Geoffrey CO, Bala GS, Ibrahim SA, Sani SH, Tambaya MA.
Relationship between random blood sugar and body mass index in an
African population. Int J Diabetes & Metabolism 2006; 14: 144-145.

94.Jhanghorbani M, Hedley AJ, Jones RB, Gilmour WH. Is the association
between glucose level and “all causes’ and cardiovascular mortality risk
dependent on body mass index? Med. J. Islamic Republic Iran 1992;
6:205-12.

95.Diaz VA, Mainous AG, Baker R, Carnemolla M, Maeed A. How does
ethnicity affect the association between obesity and diabetes? Diabet Med.
2007; 24(11): 1199-204.

96.Wagjchenberg BL .. Subcutaneous and visceral adipose tissue: their relation
to the metabolic syndrome. Endocr Rev 2000;21:697—738.

97.Stewart PM, Boulton A, Kumar S, Clark PMS, Shackleton CHL. Cortisol
metabolism in human obesity: impaired cortisone3cortisol conversion in
subjects with central adiposity. J Clin Endocrinol Metab 1999;84:1022—
1027.

98.Andrews RC, Herlihy O, Livingstone DE, Andrew R, Walker BR.
Abnormal cortisol metabolism and tissue sensitivity to cortisol in patients
with glucose intolerance. J Clin Endocrinol Metab 2002;87:5587-5593.

59



References

99.Schaffler A, Binart N, Scholmerich J, Buchler C. Hypothesis paper Brain
talks with fat — evidence for a hypothalamic-pituitary-adipose axis?
Neuropeptides. 2005;39:363—-367.

100. Ober K: Polyendocrine syndromes. In Medical Management of Diabetes
Méllitus. Leahy J, Clark N, Cafalu W, Eds. New York, Marcel Dekker,
Inc., 2000, 699-717.

101.Tuzcu A, Bahceci M, Gokalp D, Tuzun Y, Gunes K. Subclinica
hypothyroidism may be associated with elevated high-sensitive C- reactive
protein (low grade inflammation) and fasting hyperinsulinemia. Endocr J
2005; 52: 89-94.

102.Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF,
Turner RC. Homeostasis model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and insulin concentrations in
man. Diabetologia 1985; 28: 412-419.

103.0rskov L, Schmitz O, Bak JF. Skeletal muscle glucose uptake, glycogen
synthase activity and GLUT 4 content during hypoglycaemia in type 1
diabetic subjects. Scand J Clin Lab Invest. 2001;61(5):371-381.

104.Bjorntorp P.. Body fat distribution, insulin resistance, and metabolic
diseases. Nutrition. 1997;13(9):795-803.

105.Wadllerius S, Rosmond R, Ljung T, Holm G, Bjorntorp P. Rise in
morning saliva cortisol is associated with abdomina obesity in men: a
preliminary report. J Endocrinol Invest. 2003;26(7):616-619.

106.Evang JA, Carlsen SM, Svartberg J. [Endogenous Cushing’s syndrome].
Tidsskr Nor Laegeforen. 2006;126(5):599-602.

107.Goth M, Hubina E, Korbonits M.. Correlations between the
hypothalamo-pituitary-adrenal axis and the metabolic syndrome. Orv
Hetil. 2005;146(2):51-55.

60



References

108. Tomlinson JW. 11Beta-hydroxysteroid dehydrogenase type 1 in human
disease: anovel therapeutic target. Minerva Endocrinol 2005;30(1):37-46.

109.Rosmond R. Stress induced disturbances of the HPA axis. a pathway to
Type 2 diabetes? Med Sci Monit. 2003;9(2):RA35-39.

110.Wabitsch M, Jensen PB, Blum WF. Insulin and cortisol promote leptin
production in cultured human fat cells. Diabetes. 1996;45(10):1435-1438.

111.Nielsen MF, Caumo A, Chandramouli V. Impaired basal glucose
effectiveness but unaltered fasting glucose release and gluconeogenesis
during short-term hypercortisolemia in healthy subjects. Am J Physiol
Endocrinol Metab. 2004;286(1):E102-110.

112.Celani MF, Bonati ME, Stucci N. Prevalence of abnormal thyrotropin
concentrations measured by a sensitive assay in patients with type 2
diabetes mellitus. Diabetes Res 1994;27(1):15-25.

113.Schuiling GA, Vakhof N, Moes H, Koiter TR. “Dopamine and TRH-
induced  prolactin  secretion in  pseudopregnant  rats’  Life
Sci. 1993;53(4):357-63.

61


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schuiling%20GA%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Valkhof%20N%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moes%20H%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koiter%20TR%22%5BAuthor%5D�
http://www.ncbi.nlm.nih.gov/pubmed/8326821�
http://www.ncbi.nlm.nih.gov/pubmed/8326821�
http://www.ncbi.nlm.nih.gov/pubmed/8326821�

-

AadAll
el (8 Sl Gl sise gl ) ) 255 Al Gl jhaa¥) Gede saae 8 g Sl e
g sl Oe Sl elas Jo¥) g sl e g Sl ela Lad G ) (pand () (5 Sl (a pae iy
sy iy e o 4 i Al jo g dai ) g gl e e A all oda Cuyjal S S
Al o o 2 Cangdl 138 (Baail s awenl) TS piige 5l Lyl g iV 5 yall 5 g 3y 5SI) 5 48 5l 33l
G 0add 34 53w T70-35 Ot lee) 2l 5E SN ¢ sl e s Sl el Clias 235 68
(B end) Ao gana) 80 70-35 (g p e & ) 5
O30 5 (T4) OS5l O 508 5 (TSH) 4yl 4sie ¢ s sed) 50815 il sluse 5085 o3 S
£l (el Juasl (& (PRL ) GSY 5o O 50 8 5 Js 35S 050 8 5 (T3) Ois s (0
Ot Galasall GalASY) aas ()5 5 Jsba 280 i a5 8 ksl de sama s (AU & il (e (g S

FRPRIN
Osan 5(p<0.05) (T4 ) OS5l (gapa 3081 5 8 ads gala & gima 34 ) i) & yelal
(TSH ) Aoal dxia O gepa Dl sle B A (5 sime Jlual s 5l ety (p<0.05) Js S0

Bkl de sane pe agli jlie die  SUl gl e (s Sidl (i sas Gabiaall aladY) il (p<0.05)
(PRL ) &58Y 5l sa 5 (p>0.05) (T3 ) Crtisosisds &N s il axe miliil) i jelal LS
Bkl de sane pe agli jlie die  SUl gl e (s Sidl (e Gabiaall aladY) il (p>0.05)
8ol e i saly 0 edgd s AN & i) e s Sl el bl (sal diand) alya i il < el
Ao sana go agli Jlie die U & il (e (5 Sl i e Galiaall (alSEY) ol aall b Sl (5 sl
Bkl

r=-0.310, ) dssfiosS 05 S s (5 sima Lol ) (cadll Hlasa¥) Jolas ekl
r=0.275, ) TSH 48 all 4 ) 50 sed 2 50 (5 5120 ol ) jeda Ly anaall 4TS 1550 4 (p<0.01
(o s Sl (om e g aall IS 3550 2 (r=0.293, p<0.05 ) a2l A Sl (s siva 5(p<0.05
@ sima Bl )l 3ga g sela LS ansall AL 5550 o il il g el AL ki ol L, AU ¢ il
G5 a) 50 (5 sinse ol )5 2l Sas (5 shse aa (1=-0.249, p<0.05) s iysSH () 5o sl s
LS. A g sl e g Sl (oum yo (53 ol Ss (5 sise e (=0.258, P<0.05) TSH 4l 4



338580 (508 e (r=-0.469, p<0.05) T4  GuS 58l (50 8 Ol (5 51 bl ) yeha
@Uﬂ\&;ﬂ\wd)&d\‘smfdﬂ



Hale LU W Al U cliag, | 6lE)

(ASal] Aladi ol )

abal) ) (3ua

(32) V) 551 5 ) s

QICICICIPICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOICIOLCIO)

CIACICACICACICACICACICACIOACIOLCIOLCICACIACIOACIOACIOACIOACLAOFO)



Gload) 4y sgan

alal) Gl g al) adal 35035
potad) 418\ cpy gl daala

el acd

A anal) AL Higa g (S g sall g J 90 98N 9 4B Al Baa) il ga A
@m‘&ﬂ\mgw\u«bﬁ

g
0 JLaSiuls g gl daaly o ghal) A4S ok
sLaxl) A piicalall da 3 Ja ciltiatial

e (e
Jadl) &S 3l sliia daaa
2008 slass asle u gl
O gl) dasala
) il
daal Ao Glala 2

2 1432 a 2011



	1. title
	3. dedication and Ack
	4. content
	2.6 Biostatistical Analysis

	5. List of Tables
	6. List of Figures
	7. abbreviation
	8. summary
	9. 1
	Chapter one

	10. chapter 1
	11. 2
	Chapter two

	12. chapter 2
	2.1 Chemicals
	Table 2.1The chemicals and companies that supplied them

	2.2 Apparatus
	Table 2.2 Instruments and their companies that supplied

	2.3 Patients and control groups
	Biomaghreb/Tunisia
	Glucose kit
	6
	Biomerieux/France
	VIDAS Cortisol kit
	5
	Biomerieux/France
	VIDAS prolactin  kit
	4
	Biomerieux/France
	VIDAS T4  kit
	3
	Biomerieux/France
	VIDAS T3 kit
	2
	Biomerieux/France
	VIDAS TSH kit
	1
	Source
	Chemical substance
	No.
	2.4. Collection of samples
	2.5 Methods
	2.5.3 Measurement of serum  prolactin
	2.5.4 Measurement of serum Cortisol
	2.5.5 Measurement of serum thyroid stimulating hormone
	2.5.6 Measurement of serum triiodothyronine
	2.5.7 Measurement of serum thyroxine
	2.6 Biostatistical Analysis
	The data expressed as mean ± SD. Statistical analyses were done by using t-test. Pearson’s correlations were also performed. Statistical analysis was performed with the SPSS 16 statistical Package for social sciences and also Excel 2007 with significa...

	13. 3
	Chapter three

	14. chapter 3 results and discussion
	3.2 Levels of thyroid hormones, cortisol, prolactin and fasting serum glucose in various subgroups of type 2 diabetic patients and the control group
	3.3 ANOVA analysis of thyroid hormones, Cortisol, prolactin and fasting serum glucose data in subgroups of type 2 diabetic patients and the control group


	15. conclusion
	16. conclusion and future work
	17. ref
	18. refrences
	20. الخلاصة عربي
	19. الاية
	21. title

