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Summary

Hypertension (HT) and cardiovascular diseases (CVD) share in that one of
the main reasons for them is to increase the oxidative stress, which in turn
increases the severity of the disease and exacerbation of symptoms. Reactive
molecules produced from oxidative stress, in addition to causing tissue damage by
oxidation of biomolecules like DNA, lipids, proteins and sugars; it is lead to the
formation of mediators with potent inflammatory effect. The objective of this study
was to investigate the some markers of oxidative stress in HT and CVD patients in

addition to some biochemical parameters related to these diseases.

This study involved 84 female subjects aged between (30-65) year equally
divided to three groups, first and second one belong to CVD and HT patients from
Ibn Al-Nafese hospital, while the third one for apparently healthy 28 subjects
considered as control group. For each subject in the three groups these markers and
parameters were evaluated; malondialdehyde (MDA), 8-hydroxydeoxyguanosine
(8-OHdG), albumin, uric acid, urea, creatinine. Also electrophoretic study on the
DNA of patients and control group controlled by placental DNA was done to
investigate the possible oxidative stress after Fenton reaction in vitro on it. And
study the deletion of Glutathion S transferase mu (GSTM1) gene using polymerase

chain reaction PCR.

The results were compared to control; Lipid profile show higher significant
(p<0.01) levels in both CVD and HT compared to control group. There was a
significantly higher (p<0.01) in MDA, and 8-OHdG levels in both CVD and HT
patients, while serum albumin shows significantly (p<0.01) lower levels. Uric acid
unexpectedly shows higher levels than control group with (p<0.01) although is
antioxidant. The electrophoresis study for GSTMI1 gene show a significant

difference (p<0.01) in deletion of this gene. Further there is appositive correlation



in deletion of this gene and higher MDA and 8 OHdG and negative with albumin

while no correlation with urea, creatinine and uric acid.

The elevation levels of oxidative stress markers may be due to oxidative
damage of tissues that caused by these inflammatory diseases. It concludes there
was a positive relation between oxidation results from these diseases and their
developments and suggest increase need to intake of antioxidants as precaution in

front of these disease.
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Chapter one Introduction

1.1 The Arterial Structure

The arterial wall consists of three layers : First intima, is the most inner
layer of the arterial wall, separated from the vascular lumen and circulating
blood by only a single layer of endothelial cells. The endothelial cell residing
at the critical interface between blood flow and the arterial wall, functions as a
permeability barrier, forms a thrombo resistant surface, and tends to regulate
vascular tone by producing nitric oxide, and endothelium. The intima is
composed of two layers; a superficial proteoglycan-rich layer and a deeper
musculoelastic layer. Often, these layers can only be recognized in areas of

adaptive intimal thickening™.

The second layer is the media which separated from the inner layer of
the vessel wall, (the intima), by continuous elastic lamina, called internal
elastic lamina, the intima of human epicardial coronary arteries is thickened,
even without any signs of atherosclerosis, in response to changes in
physiological factors such as increased tension or disturbance of shear stress
in the vessel wall. In general, intimal thickening in coronary arteries is
diffused, and eccentric intimal thickening typically only occurs at the
branching points of the arteries, involving half of the vessel circumference®.
This appears as atherosclerosis, including hypertension and cardiovascular

diseases.

Adventitia is the third layer, It is outermost connective tissue covering of
any organ, vessel, or other structure. It is also called the tunica adventitia
because it is considered extraneous to the artery®®. The arterial structure

shown in (Fig. 1-1)
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Endothelial Leukocyte Endothelial Leukocyte
permeability migration sdhesion adhewon

Figure (1-1):The arterial structure®

1.2. Cardiovascular Diseases
1.2.1 Definition

Cardiovascular diseases (CVDs) are a group of disorders of the heart and

blood vessels and they include:

Coronary heart disease: disease of the blood vessels supplying the heart
muscle.
Rheumatic heart disease: damage to the heart muscle and heart valves
from rheumatic fever, caused by streptococcal bacteria.

= Congenital heart disease: malformations of heart structure existing at
birth.
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« Deep vein thrombosis and pulmonary embolism: blood clots in
the leg veins, which can dislodge and move to the heart and

lungs ©.

Cardiovascular diseases is the result of the accumulation of atheromatous
plaques within the walls of the arteries that supply myocardium with oxygen
and nutrients. After decades of progression, some atheromatous plagues may
rupture and may thus severely restrict the flow of oxygen carrying blood to the

myocardium. As a consequence, a heart attack can occurt”)
1.2.2 Symptoms

Often, there are no symptoms of the underlying disease of the blood
vessels. A heart attack or stroke may be the first warning of underlying
disease. Symptoms of a heart attack include"®.

. Pain or discomfort in the centre of the chest.

« Pain or discomfort in the arms, the left shoulder, elbows, jaw, or back.

In addition the person may experience difficulty in breathing or shortness
of breath; feeling sick or vomiting; feeling light-headed or faint; breaking into
a cold sweat; and becoming pale. Women are more likely to have shortness of

breath, nausea, vomiting, and back or jaw pain.

The most common symptom of a stroke is sudden weakness of the face,
arm, or leg, most often on one side of the body. Other symptoms include

sudden onset of:

« Numbness of the face, arm, or leg, especially on one side of the body.
. Confusion, difficulty speaking or understanding speech.
. Difficulty seeing with one or both eyes.

« Difficulty walking, dizziness, loss of balance or coordination.
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« Severe headache with no known cause.

. Fainting or unconsciousness 1.

The major risk factors for CVD including: high blood
pressure (hypertension) smoking ,high blood cholesterol ,diabetes ,lack of
exercise being overweight or obese ,a family history of heart disease and
ethnic background  Growing evidence suggests that highly reactive oxygen
derived free radicals reactive oxygen species (ROS) of endogenous or
environmental origin play a cognitive role in the genesis and progression of

various CVDs ©9),

1.3 Hypertension:

1.3.1 Definition of Blood Pressure :

Blood pressure is a measure of the force that the circulating blood exerts
on the walls of the main arteries. The pressure wave transmitted along the
arteries with each heartbeat is easily felt as the pulse, the highest (systolic)
pressure is created by the heart contracting and the lowest (diastolic) pressure

is measured as the heart fills ™
1.3.2 Definition of Hypertension :

Hypertension is defined as an average systolic blood pressure greater
than or equal to140 mmHg or an average diastolic blood pressure of greater
than or equal to 90 mmHg “?, Hypertension is a disease and blood pressure is

a biomarker @2,
1.3.3 Symptoms of Hypertension

Hypertension is a disease which in its early stages is almost without obvious
symptoms its identification is usually through screening. A proportion of

people with high blood pressure report headaches (particularly at the back of


http://www.nhs.uk/conditions/Blood-pressure-%28high%29/Pages/Introduction.aspx
http://www.nhs.uk/conditions/Blood-pressure-%28high%29/Pages/Introduction.aspx
http://www.nhs.uk/livewell/smoking/Pages/stopsmokingnewhome.aspx
http://www.nhs.uk/conditions/Cholesterol/Pages/Introduction.aspx
http://www.nhs.uk/Conditions/Diabetes/Pages/Diabetes.aspx
http://en.wikipedia.org/wiki/Screening_%28medicine%29
http://en.wikipedia.org/wiki/Headache
http://en.wikipedia.org/wiki/Occiput
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the head and in the morning), as well as lightheadedness, vertigo, tinnitus

(buzzing or hissing in the ears), altered vision or fainting episodes™®.
1.4 Lipid profile
1.4.1 Difenition and Classification

Lipids play a critical role in almost all aspects of biological life, they
are structural components in cells and are involved in metabolic and hormonal
Pathways. Lipid metabolism is usefully based on the concept of lipoproteins,

the form in which lipids circulate in plasma, large spherical complex molecule
(15)

Chylomicrons contain a lipid core that composed of dietary lipid and lipid
synthesized in the intestinal cells. Chylomicrons are the lipoprotein particles
lowest in density and largest in size, and contain the highest percentage of lipid

and the smallest percentage of protein®”.

Cholesterol is essential precursor of steroid hormones, bile acids and
vitamin D, and is required structurally for cell membranes, strengthen cell
membranes and make hormones “®, cholesterol risk levels are positively
correlated to the development of atherosclerosis, a process initiated by
deposition of excess insoluble sterols in the arterial wall. High cholesterol is a
major risk factor for CVD and stroke ®”. The American Heart Association
(AHA) has identified untreated total cholesterol <3.5-5 mmol/L (for children)
and <5.18 mmol/L (for adults)™®

Triglyceride (strictly triacylglycerol) is formed by reaction of two
molecules of fatty acyl-CoA with glycerol 3-phosphate to form phosphotidic
acid , this is dephosphorylated to a diacylglycerol and then acylated by a third
molecule of fatty acyl-COA to yield a triacylglycerol*” Triglyceride is

presented in dietary fat ,and can be synthesized in the liver and adipose tissue


http://en.wikipedia.org/wiki/Occiput
http://en.wikipedia.org/wiki/Lightheadedness
http://en.wikipedia.org/wiki/Vertigo
http://en.wikipedia.org/wiki/Tinnitus
http://en.wikipedia.org/wiki/Syncope_%28medicine%29

Chapter one Introduction

to provide a source of a stored energy, which can be mobilized when required.
Levels of serum triglycerides have also been linked positively to lower levels
of high-density lipoprotein- Cholesterol (HDL-C) and low-density lipoprotein-
Cholesterol (LDL-C) particle size . Both these conditions have been linked to
an elevated risk of developing diseases*®'”, The value of triglyceride is lower
than 1.69 mmol/L ®®. After its absorption into the intestinal mucosal cell,
cholesterol, together with triglycerides, phospholipids, and a number of specifi

apoproteins, is assembled into a large lipoprotein a chylomicron
1.4.2 Lipoproteins

The major plasma lipids are not circulating free in the blood. They are
bound to a specific protein, (Apoproteins) to form large spherical complex

molecule called lipoprotein, which are transported through plasma®

Phospholipid Cholesterol

Protein

Cholesterol esters
or

triacylglycerols
22

Figure 1-2: The structure of a plasma lipoprotein®”
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High-density lipoprotein- Cholesterol transport cholesterol to liver or
steroidogeine organs such as adrenal , ovary and tests for synthesis of steroid
hormone'??. HDL promote expulsion of cholesterol from peripheral cells and ,
indirectly from the body thus; protecting against cardiovascular disease. Several
studies of large populations have shown that the risk of developing
manifestation of ischemic heart disease is inversely related to the serum
concentration (HDL-cholesterol).®***?®  The recommended HDL level is

above 1.0mmol/L (men) and above 1.2mmol/L (women)82®.

Low-density lipoprotein- Cholesterol LDL carry cholesterol to peripheral
tissues and help regulate cholesterol levels in those tissues™®, making it
available to the tissue cells for membrane or hormonal synthesis and for
storage for later use. This type of cholesterol is considered harmful as it
transports a large amount of cholesterol. The recommended LDL level is

below 3.0mmol/L ¢"1®

Cardiac diseases and Hypertension are known to be associated with
alterations in lipid metabolism which gives rise to abnormalities in serum lipid

and lipoprotein levels 2

Standard lipoprotein analysis of measurement of total serum cholesterol,
total triglyceride, high density lipoprotein cholesterol, and calculation of low-
density lipoprotein cholesterol is medically necessary for prediction of risk for

coronary artery disease
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1.5 Oxidants:
1.5.1 Free Radicals :

Free radicals can be defined as molecules or molecular fragments having
one or more unpaired electrons in atomic or molecular orbitals. Examples
Nitric oxide (NO), superoxide(O,"), hydroxyl radical (OH), lipid peroxy
radical (LOO). This unpaired electron(s) frequently gives a considerable
degree of reactivity to the free radical®”. Radicals derived from oxygen
represent the most essential class of radical species generated in living

systems®,

1.5.2 Reactive Oxygen Species :

Although molecular oxygen (O,) has two unpaired electrons in two
different orbitals, it is not a free radical. Molecular oxygen, however, reacts
rapidly with most other radicals, forming other free radicals that are more
reactive®,

Reactive oxygen species (ROS) is a group term used for a group of
oxidants, which are either free radicals or molecular species capable of
generating free radicals®”, may initiate from both exogenous and endogenous
sources.

Exogenous sources consist of environmental agents, radiation, therapeutic
agents, and tobacco smoke. Endogenous sources involved mitochondria,
peroxisomes, and inflammatory cell activation as summarized in Figure (1-3).

In a perfect world, cells will use oxygen to produce adenine tri phosphate
(ATP) and water without any toxic byproducts or activated (also active)
oxygen
species. However, damage to mitochondria in pathophysiological
conditions or through mitochondrial dysfunction, the electron transport

mechanism in the mitochondrial respiratory chain is impaired. This leads to
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reactive oxygen species formation (e.g., superoxide anion) from one-electron
reduction of oxygen

Hydrogen peroxide is not a free radical, but is a
precursor of free radicals. UV radiation causes the hemolytic
cleavage of the oxygen—oxygen bond to form hydroxyl radicals
(OH). Redox metal ions (Fe** or Fe ™ or Cu *) react with hydrogen
peroxide to produce hydroxyl radicals (the Fenton reaction) ©

In physiological conditions, low levels of ROS play a protecting role in
the organism, while elevated levels of ROS can cause damage to cell
structures, nucleic acids, lipids and proteins or DNA damage ©°3

Though the Fenton's reaction, these hydrogen peroxides react with

metal iron or copper to form more highly reactive hydroxyl ions, OH

Fe’* + H,0, —Fe®* + 'OH + OH

Though Haber-Weiss reaction , catalyzed by metals :
02' + H202 %02 + OH + OH
H,O, reacts with CI', Br, I and is used by myloperoxidase to form more

reactive hypochloric acid/hyperchlorite.®?
H202 + C1—> HOCI + OH

Formation of peroxynitrite is the primary reaction®V.
O,+NO — ONOO

The second order rate constant for the formation of the "OH via the
Fe(I1)- mediated Fenton reaction is 76 L mol™ s- , This indicates that there
may be between 46 to 458 ‘OH formed per second in a cell, indicating that

even the lower rate of reaction is biologically significant ©%.

Another immunologically relevant reactive oxygen species s

hypochlorous acid (HOCI, or Dbleach). HOCI is formed from

10
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myeloperoxidase/H,0,-dependent oxidation of chloride anion. HOCI has

intermediate reactivity-more reactive than H,O, but considerably less reactive

than hydroxyl radicals®.

i Chemokines

E‘; Bystander cell 5
.... Cytokines
~°Us & 4&

Soy, - 1 |ENDOGENOUS |
\" “| |~ SOURCES
_;{ c/, L. A : 0, metabolism,
0"”001 %"On e "'\ ** N -"":Imr:\une response
g, S % “J | inflammation
- iy ‘ * »
W | ;,_.-~ * ‘ :
Intracellular radical scavengers [J
d O . ¥ ¥y t}-nosmns
Antioxidant enzymes W
Vitamins C, E -1
DNA
¥ 5
Mitochondria

Oxidative Clustered DNA lesions

Isolated DNA lesions (OCDLs)

Oxidized ) Oxidized
base % AP site SSB base

5

AP site
Oxidized Oxidized AP Site SSB
base base

<=4 Repair by BER andior NER

DNA Damage
repaired
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DNA replication /oo mic

g Persistent 10
Cell death- DNA damage Mutations

Cancer
instability j= = » cell

Figure (1-3) : Sources and Effects of Reactive Oxygen Species ¥, AP: abasic
site, BER: base excision repair, NER: nucleotide excision repair, ROS/RNS:
final outcome is the production of reactive oxygen/nitrogen species, SSB:

single strand breaks

1.6 Antioxidant Defense System:

The balance between the creation and removal of ROS is controlled by a
variety of DNA repair enzymes and antioxidants®**?. The human body

involved a complex antioxidant defense system which depends on the dietary
11
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intake of antioxidants as well as the endogenous production of antioxidative
compounds Antioxidants can be classified into a number of different groups:

1. Antioxidant enzymes: which scavenge free radicals. These enzymes
make up a preventive type of antioxidative network superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase
(GSR).

2. Antioxidative proteins :that avoid the formation of ROS include
hemoglobin, transferrin, aloumin, lactoferrin

3. Small-molecular-weight compounds: are able to respond directly to and
eliminate free radicals and are therefore called radical-scavenging antioxidants
ascorbic acid (vitamin C), tocopherols (vitamin E), glutathione (GSH), uric
acid, selenium, bilirubin, glucose.

4. Ubiquinone (coenzyme Q-10)

5. Flavonoids %9,

1.7 Oxidative Stress
Oxidative stress may occur if the production of ROS exceeds the

antioxidant capacity of the cell ¢%.

Although cells are equipped with an impressive stock of antioxidant
enzymes as well as small antioxidant molecules, these agents may not be

sufficient enough to normalize the redox status during oxidative stress®”
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Xanthine oxidase
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Figure (1-4) . Generation and metabolization of reactive oxygen . ©®
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1.8 Oxidative stress and Arterial Diseases :

ROS has a key role in the pathogenesis of hypertension. The modulation
of the vasomotor system includes ROS as mediators of vasoconstriction made

by angiotensin 11 (All), endothelin-1 and urotensin-11 ¢,

ROS are raise in hypertension in response to vessel stimulation by
mechanical stretch or All. Reaction of ROS with endothelium released NO
inhibits vasodilatory or antisclerotic effects of NO and thus can exacerbate
the disease “?).

(Ang I1) levels are raised but ROS is actually decreased, perhaps due to
of the accompanying increase in super oxide dismutase (SOD) expression®?.
This ability to increase antioxidant defenses may be sufficient to protect the
vasculature from low levels of oxidant stress, allowing ROS to function as
signaling molecules. However, when ROS production becomes
overwhelming, compensatory mechanisms are inadequate and patho
physiological consequence®?. Endothelial cells are able to synthesize and
secrete a large spectrum of antiatherosclerotic substances, the most
characterized of which is nitric oxide (NO), a gas generated from the
metabolism of L-arginine by constitutive endothelial NO synthase®®.

Consequently the bioavailability of NO, leading to vasoconstriction,
platelet aggregation and adhesion of neutrophils to the endothelium. Excessive
ROS production can cause oxidative damage to biological macromolecules

such as DNA, lipids, carbohydrates and proteins “+*°.
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Platelet aggregation |
Leucocyte adhesion |
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Figure (1-5) Reactive oxygen species in the arterial .( NO nitrogen oxide , All

angiotensin )“%.
1.9 Definition of Oxidative Stress Biomarkers:

A commonly used definition is which proposed in 2001 by the biomarkers
definition working group by the national institute of health and food and drug
administration (NIH/FDA) in the USA " a characteristic that is objectively
measured and evaluated as an indicator of normal biological processes,
pathogenic processes, or pharmacologic responses to therapeutic intervention

(46)

There are three types of biomarkers:

1) disease biomarkers-used to monitor and diagnose the progression of a

disease.

2) drug efficacy/toxicity biomarkers- used to monitor the efficacy or

toxicity of treatment regime

3) pharmacodynamics markers for monitoring pharmacological response
(47)
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1.10 Oxidative Stress Biomarker

1.10.1 Malondialdehyde (MDA)
A. Definition:

Malondialdehyde (MDA\) is an end-product of the radical-initiated oxidative
decomposition of polyunsaturated fatty acids; therefore, it is frequently used
as a biomarker of oxidative stress “®. It is highly cytotoxic because of its
ability to bind proteins or nucleic acids very quickly “°. Its chemical structure

is below.

O O

J A

H H

Figure (1-6): Chemical structure of Malondialdehyde

Malondialdehyde has been shown to be produced by reaction of
hydroxyl radicals with deoxyribose moieties ®V. High reactivity of this
molecule mainly based on its electrophilicity production it strongly reactive
toward nucleophiles, such as basic amino acid residues (i.e., lysine and
histidine). This reactivity is not only based on MDA’s aldehydic nature but is
also influenced by its 1,3-dialdehydic structure making it possible to form
mesomerically stabilized Schiff base®?
B. Reactivity and toxicity

In its physiological state, at natural pH, MDA is of low chemical
reactivity. Nevertheless, this molecule is able to interact with nucleic acid
bases to form several different adducts ©®. This adduct possesses a blocked
Watson-Crick base pairing region that has been shown to be mutagenic®®.

Also it is react with protein such as collagen. In addition to that the MDA
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product can cause the cross-linkage of membrane elements by affecting the
ion exchange from cell membranes® |, which gives way to aftermaths
including a change in ion permeability and enzyme activity®®. Therefore
MDA is able to impair several physiological mechanisms of human body
through its ability to react with molecules such as DNA and proteins;
therefore it's useful to consider this molecule as something more than a lipid

peroxidation product ©?.

Clinical data have indicated that MDA-type epitopes are prominent and
prevalent and are important in cardiovascular disease, ( Bartoli ), (Seema L. )
and (Khalid Al-Fartosi) found higher MDA is correlated with chronic cardiac

disease. 6%

1.10.2 8-Hydroxydeoxyguanosine (8-OHdG)

A. Definition

8-Hydroxydeoxyguanosine (8-OHdG) is an oxidized nucleoside that is
excreted in the bodily fluids with DNA repair. 8-OHdG is a most common
stable product of oxidative DNA damage following enzymatic cleavage after
ROS induced 8-hydroxylation of guanine base on mitochondrial and nuclear
DNA ®9_ It is can be recognized at an increase level in all bodily fluids and
tissues, where an inflammatory process exists ©?, and is considered a measure
of DNA oxidation in response to free radicals ©V.

The synthesis of (8-OHdG) is the main DNA modification induced by
(ROS) and may be responsible for DNA base mutations. It has been
demonstrated that oxidative DNA adducts accumulate and are only repaired

through enzyme pathways, causing in further DNA damage ©2.
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Figure (1-7): Producing 8-OHdG. ©¥
B. Generation and Metabolism of 8-hydroxydeoxyguanosine

When DNA is attacked by oxidative stress such as ROS, ultraviolet
light, or genotoxic agents, guanine is easily oxidized into 8-oxo-7,8-
dihydroguanine(8-oxo-Gua). The existence of this oxidized guanine in
genomic DNA can cause transversion mutation such as G-T or G-A binding,
accumulation of which can lead to detrimental consequences ©.

8-OHdG, a nucleoside form of 8-0xoGua, is generated from either damaged
oligomer which contains 8-oxo-Gua by NER or from cytoplasmic oxidized
nucleotides like 8-hydroxy-deoxyguanosine triphosphate (8-hydroxy-
dGTP).®
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8-oxo0-Gua (8-oxo-7,8-dihydroguanine)

:' """ BER ": -
' (e.g, OGG1) !

8-oxo-Gua (~guanine) [ Not directly degraded |
(free form)
% 8-OHdG (~deoxyguanosine)
(free form)
e
L
F&
L 8§
S e N
.. S o )\ I \>__°"
- 8-OHdGMP & LN |
«\g- HOMH,C O, Oxidation ste
‘2 (free form) o
Iy S
g el HO
A 5(—\ S-OHJIG

8-ox0-dGTP

Figure (1-8) Generation and metabolism of 8-hydroxydeoxyguanosine ©®.

8-OHdG has been reported to be strongly associated with diabetes
mellitus, cancer, gastrointestinal diseases , 8-0xodG has also been found to be
increased in atherosclerosis plagues and have been found to correlate in

patients with end-stage renal disease ©* %79,

1.10.3 Glutathione S-Transferases mu gene:

Glutathione S-transferase (GST) is a multigene family of enzymes
that detoxify reactive electrophiles, products of oxidative stress, and
known or suspected carcinogenic compounds through conjugation
with reduced glutathione (GSH) .

Glutathione-s-transferases (GSTs) are one of the most important
supergene family of isoenzymes known to catalyze the detoxification of
reactive electrophilic compounds, such as carcinogens, therapeutic drugs,

environmental toxins, and products of oxidative stress, chiefly by conjugation
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with soluble glutathione ?. In addition, GSTs are able to modulate the
induction of other enzymes and proteins which are important in cellular
functions, such as DNA repair, and are therefore important in maintaining

genomic integrity .

At present, eight distinct classes of the soluble cytoplasmic mammalian
glutathione S-transferases have been known : alpha, kappa, mu, omega, pi,
sigma, theta and zeta. The genes encoding the mu class of enzymes are

organized in a gene cluster and are known to be highly polymorphic 3.

Che 1

Chromosome 1 - NC_000001.11

[ L3650 7% e (109728731

GSTI'HI BT GITHS
BTHE LUCLISI75eM4
|15 647 K o366 K | 669 K |165.698 K |t65.631 K fi93,692 k |13 K |165.694 K
Genes, NCBI Homo 3apiens Annotation Release 107, 2015-03-13 #
BETIL
wnoaecer? [l=———a——0-1- 1B 3 -l »  nrpaessaz
tigdesztz Cl—l————-- L 3 —l * | HPemEsaa)
R A R e e = & 1B 3 % speczrasael
dn_pacarerasd [f———is 1B 3 % uppeczrasn)
CCDS Features, Release 17 (NCBI Annotaticn Release 106 compared to Enserbl Release 74)
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Figure(1-9): Genomic Location of the Human MU —Class Glutathione S-

Transferase (www.genecard.org)
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Genetic polymorphisms of these GST enzymes are in the form of gene
deletions, yielding no transcription or translation of the respective proteins.
Decreased functionality of detoxifying and antioxidant enzymes may pose a
greater risk of toxic insult potentially caused by lowered control of reactive
oxygen species leading to chronic oxidative stress ®, the oxidative stress
might be the necessary link between GSTML1 activity and arterial diseases. It
is worth noting that deleted polymorphisms in the GST genes may also
influence the susceptibility to coronary artery disease by modulating the
detoxification of genotoxic atherogen ®. Due to genetic variation, higher
amounts of ROS reaching tumor cells and exaggerating cytotoxic activity may
increase survival. Since radiotherapy exerts part of its antineoplastic effect via
the generation of oxidative stress, the presence of this gene will prolong

survival in patients who received radiotherapy ®.

The GSTML1 gene was studied as marker for oxidative stress, Massimo
found correlation of null GSTM1 and increase exposure to ozone “”. In
cardiac patient null GSTM1 associated with endothelial injury and dysfunction

and observed association between asthma risk and the GSTM1 deletion &7,

1.11 Antioxidant Molecules
1.11.1 Albumin

Albumin is a non-glycosylated protein of 66 kDa ; its normal plasma
concentration is between 35 and 50 g/l constituting up to 60% of total plasma
proteins. Its half-life is 20 days in normal conditions ®”. The human serum
albumin (HSA) structure consists of a single-chain polypeptide of 585 amino
acid residues and approximately 67% alpha-helix and no beta-sheet . The
antioxidant properties of HSA related to its structure.
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Figure (1-10) Structure of Albumin ©%

(HSA) shows antioxidant capability related to ligand-binding capacities
HSA is well known for binding a large variety of molecules, including fatty
acids, drugs, hormones, and metal ions ®”.The main ligands of HSA implied
in direct or indirect antioxidant functions of the protein are transition metal
ions (copper and iron essentially) ®V. Free redox-active transition metal ions
like (Cu(ll) and Fe(ll)) can potentially be extremely pro-oxidant. Indeed,
through the Fenton reaction, they can interact with hydrogen peroxide (H,0,)
catalyzing the production of aggressive ROS ).

The radical-trapping properties, upon secretion in physiological conditions,
one-third of the HSA pool exists as disulfides mixed with cysteine,
homocysteine, or glutathione (GSH) (HSA-S-S-R) and two-thirds of the HSA
molecules exist in a reduced form with a free thiol in the Cys-34 residue
(HSA-SH), named as human mercaptalbumin ®%). This redox thiol group, in
connection with the high concentration of HSA in the circulation, accounts for
80% thiols in plasma, constituting the major extracellular source of reactive

free thiol ®. Working as a free radical scavenger, the Cys34 residue is able to
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trap multiple ROS and RNS, such as hydrogen peroxide (H,0,), peroxynitrite
(ONOO-) or superoxide .

It also function antioxidant from its ability to bind bilirubin and
homocysteine because it contains one high affinity site (Lys240) for
bilirubin®®. The resulting HAS bound bilirubin acts as an inhibitor of lipid

peroxidation and thus represents an indirect antioxidant property of HAS®89,

H5A-50,
HSA'SOIH/, &

W

RSH —

_ Oxidative stress| Nitrosative stress

|
|
|
|
\

HSA-SS-R oM

Figure (1-11) :Overview of steps leading to Cys-34 oxidation and thiolation
(highlighted in red). ©®
1.11.2 Uric Acid
Uric acid (UA) is the end of purine catabolism and is excreted in urine of
humans. It is a weak organic acid with a pK of 5.75, and exists mainly as
monosodium urate (MSU) at physiological pH ®”. Uric acid structure is

shown figure 1-12
o =
HN P
J§ I poie
— D ™~ 1:‘:
H
Figure (1-12) Urate anion structure®”
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Uric acid synthesis can promote oxidative stress directly through the
activity of xanthine oxidoreductase. This enzyme is synthesized as xanthine
dehydrogenase, which can be converted to xanthine oxidase by calcium-
dependent proteolysis or modification of cysteine residues . In doing so, the
enzyme loses its ability to bind NADH by alterations in its catalytic site and,
instead, transfers electrons from O,, thereby generating O, *®”.Subsequently,
uric acid was recognized to be a powerful antioxidant that scavenges singlet
oxygen, oxygen radicals, and peroxynitrite and chelates transition metals.
Urate thus accounts for approximately half of the antioxidant capacity of
human plasma, and its antioxidant properties are as powerful as that of
ascorbic acid®”. The formation of uric acid as shown in figure (1-13) Many
enzymes are involved in the conversion of the two purine nucleic acids,

adenine and guanine, to uric acid ®

N 0

ADENINE GUANINE

H,0 H0
K NH;

Ha+0n ZHY+0p O Ha+ 0, 2H*+ 05"

g / - 3
TRH 3 ~NH 3
\-_/ \_i_/
On, NADT/MADH 04 NADTMADH

HY POXAMTHINE XAMNTHINE URIC ACID

Figure (1-13) The Conversion Of Purines into Uric Acid ©®
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1.11.3 Creatinine and Urea

Creatinine is the cyclic anhydride of creatine which is an end product of
the dissociation of phosphocreatine ®®. The kidneys, liver and pancreas are
sites of production of creatine which are enzymatically modulated. The initial
reaction involves transmidation of arginine and glycine to form
guanidinoacetic acid. This is then followed with methylation of acid occurs

0 Creatinine is then

with s-anosylmethionine as the methyl donor
transported to other organs such as brain and muscles where it is
phosphorylated to phosphocreatinine, a high-energy compound. The
interconversion of phosphocreatinine to creatinine is a particular feature of the

metabolic process of muscle contraction €%,

In human subjects, Creatinine reacts non-enzymatically with *OH to form
creatol (CTL: 5-hydroxycreatinine) and demethylcreatinin (DMC) in a one to
one ratio, and CTL partially decomposes to methylguanidine (MG) as shown
in figure.(1-1).

H ' H ] [ 1
(o} [0} 0 0 o) 0
H HO NH
OH H \}—(/ - H MeH N\? ‘
MeN N |s==P| MeN N |=> MeN N == pepn 4N — NH
Y Y b 8 Y 2_|
NH, NH, NH, NH, Met(rg:?)uanidine
. ) : == A creatone B
creatinine creatol croatone
(Crn) (CTL) (CTOA) (CTOB) ]

Figure. (1-14) Metabolic pathway of creatinine %

Urea is formed as a result of the catabolism of protein and amino acid
and is usually predominantly cleared from the body by the kidneys. Synthesis
from amino acid and nitrogen derived enzymes of the urea cycle 2. Certain
exogenous factors are known to affect urea concentration which includes high
protein intake, increased protein catabolism, reabsorption of blood proteins
dehydration and post cortisol treatment®. Decrease in renal blood flow

results in decrease in globular filtration rate this leads to decrease in distal
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tubular flow rate which leads to increase in urea reabsorption and decreased
secretion which may be the reason for elevated serum urea concentration *"*%

In available references | cannot find a path for urea as antioxidant

O

X

HoN NH;

Figure (1-15) Structure of urea®
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1.

Aim of Study

Investigate oxidative stress effects using malondialdehyde and 8-
OHdG as markers and albumin, uric acid, urea, creatinin as
possible effective endogenous antioxidants, in serum of
hypertensive and cardiovascular diseases patients.

Investigate possible associations among markers and parameters
of oxidative stress in hypertension and cardiovascular diseases.
Investigate the possible effect of oxidative stress on glutathione-
S- transferase ml gene that leading to weaken of defense system

of the body .
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2.1 Subjects

The subject collected for this study include 56 female patients of two of
atherosclerosis diseases namely hypertensive (28) and cardiovascular
diseases(28) aged between 30—65 years referred to Ibn Alnafese hospital during
the period from November 2013 to March 2014. The diagnosis of disease was
made by physician with exclusion of presence of other diseases known to be
associated with elevated oxidative stress (cancer, diabetes, arthritis, or cystic
fibrosis and vitamin supplements taken in the last 4 weeks).

For comparative purpose, age matching group of 28 healthy female devoid of
conditions like diabetes mellitus, epilepsy, psychiatric disorders or history of any
drug intake are selected as control group.

A systematic questionnaire for the various etiological factors of relevant
medical disorders (e.g. age, diabetes, blood pressure, varicocele, trauma,

smoking) was administered (Appendix )

2.2 Materials

2.2.1 Chemicals and biological materials
The chemicals and biological materials used in this work are listed in
table 2-1 below:

Table (2-1) : Chemicals and biological materials used in the study

Chemicals Suppliers

Agarose Promega(USA)

Albumin kit Biosystem (France)
Cholesterol kit Randox ( United Kingdom)
Creatinine kit Randox (United Kingdom)
DNA extraction kit Promega (USA)
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DNA ladder Marker (100bP) Promega(USA)

Ethidium bromide Promega(USA)

GoTag Green Master Mix Promega (USA)

GSTM1 Primers Alpha DNA (Canada)

HDL — Cholesterol kit Randox ( United Kingdom)

Loading dye Promega(USA)

Nuclease Free Water Promega (USA)

Na-EDTA, FeCl,

BDH (England )

Triglyceride kit Randox ( United Kingdom)
Thiobarbituric  acid, Na,HPO,, | Fluka (Germany)

NaH,PO,.

Trichloroacetic acid Fluka (Germany)

TBE buffer Promega(USA)

Urea kit Biomerieux (France)

Uric Acid Kit Spinreact (Spain)

2.2.2 Instruments

Table (2-2) Apparatus and Equipment used in this study

Name of instrument

Company

Centrifuge

Hettich (Germany)

D