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Summary

Thalassemia is linked to a number of major health issues, including
cancer, Bone deformities, splenomegaly, Slow growth rates, and heart
problems. Thalassemia is caused by mutations in the DNA of cells
responsible for producing hemoglobin , a substance in red blood cells that
carries oxygen throughout the body. The mutations associated with
thalassemia are passed from parents to children. B-thalassemia major is
the most critical form that need immediate medical treatment. because of
ineffective erythropoiesis. As a result, frequent blood transfusions
become critical for life. An inevitable consequence of chronic
transfusions is the accumulation of iron. Iron is generally coupled to
transferrin and transported to the bone marrow and tissue, where it is

received via the transferrin receptor and stored as ferritin.

Excess iron saturates the binding capacity of transferrin and the
non-transferrin-bound iron (NTBI) functions as a catalyst in the
generation of reactive oxygen species (ROS). The overproduction of ROS
causes oxidative stress in individuals with thalassemia major, resulting in
protein oxidation and tissue damage through lipid peroxidation. Protein
carbonyls are used to assess increased protein oxidation, while
malondialdehyde (MDA), a sensitive biomarker of tissue damage, is used

to assess enhanced lipid oxidation

In the year 2021-2022, the study was conducted at the University
of Babylon. Blood samples were collected From the Thalassemia Center
at the Children's Hospital of Babylon.

The current study was carried out on the following two groups:

Group I: 150 Control
Group II: 150 patients



This study deals :-

1. The individuals' total oxidant status (TOS) and total antioxidant status
(TAS) levels were assessed. Thalassemia had significantly higher
serum concentrations of total oxidants species than Control. While
patients serum total antioxidant capacity was considerably lower than
that of Control. These findings point to oxidative stress and a patients
oxidant defense mechanism being compromised.

2. The concentration of lipid peroxidation in the sera of control and
patients was investigated. The current study's findings show a
substantial rise (p < 0.05) in Malondialdehyde concentration in all
study patients, as compared to the control group . Many free radicals
and other highly reactive compounds have been found in patients.
Increased concentrations of these reactive molecules in tissues would
cause lipid peroxidation, resulting in the release of compounds such as
MDA, which was detected as one of the lipid oxidation products.

3. The current study describes a simple spectrophotometric protocol for
Modified CUPRAC method for assessment of XOI and demonstrates
its reproducibility, accuracy, and precision. Result of this study refers
to significant decrease (p < 0.05) in xanthine oxidase inhibitor
concentration in all group of study patients with - thalassemia major
and comparable to healthy control persons .

4. The xanthine oxidase activity level is studied, and the results of the
study indicate a significant increase (p < 0.05) in xanthine oxidase
activity concentration in all group of study patients with f3-
thalassemia major and comparable to healthy control persons [3.8811
U\ L] in patients with B- thalassemia major increased significantly to
be [4.7115 U\ L].



5. The extent of the effect of B- thalassemia major on the activity of
xanthine oxidase has been reached, as well as the development of a
new method for measuring enzyme activity, and comparing it with the

usual methods.

\
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Chapter
One

Introduction



1.Introduction :

1.1. Human hemoglobins

Human hemoglobins are a group of proteins that are present in
erythrocytes. Multiple forms of hemoglobin are produced at different

stages of development, resulting in variability. [1-2].
1.1.1 Hemoglobin's structure

All human hemoglobins are tetrameric, having two different globin
polypeptide chain pairs (20, 2B) and a tetrameric structure. A single heme
molecule connects each globin chain Figure 1-1. During the formative

stages of human development, a variety of hemoglobins are created [3].

H3C CH2CH2COOH

< W

: R >, N
[N\ f

s e

R
A )
; , A’\J HaC=CH CH3
2\ ] e
; 9 / Polypeptide
o1 __/ _ / chain

(a) Hemoglobin (b) Iron-containing heme group

Figure 1-1 :a: The Three Dimensional Structure of Hemoglobin Tetramer,

b: The Chemical Structure of Heme [3].



Table: (1-1) Hemoglobin in various forms at various stages of human

development.

Developmental stages Normal BHFS

Embryonic Hb Gower | {{>€2) Hb Gower | (£2£5)
Hb Gower |l {d.€5) Hb Portland | ({zy2)
Hb Portland | ({oy2)

Fetal Hb F {aizyz) Hb Bart's (y4)
Hb Portland | (¢xv2)
Postnatal/Adult Hb A (azB2) Hb H (B.)
Hb Az (0252) Hb Portland Il (g B2)

1.1.2. Thalassemia

Thalassemia is a group of Mediterranean-derived hereditary
autosomal recessive blood disorders. A genetic defect causes thalassemia,
which is caused by a modification or removal that causes a reduced speed
of production or no synthesis of one of the hemoglobin chains. This
might lead to the formation of abnormal hemoglobin molecules, causing

in anemia, the typical presenting sign of thalassemia [4].

Thalassemia is characterized by a variety of alterations that result
in aberrant globin gene expression, resulting in the absence or reduction
of globin chain synthesis [5]. Based on which globin chain is generated in

smaller proportions, they are divided into the following categories:
1- A decreased or absent $-globin chain is a symptom of thalassemia.
2- A decreased or absent a-globin chain is a symptom of thalassemia.

3. A decreased or absent d3-globin chain is a symptom of thalassemia.



4. A thalassemia is characterized by a yop-globin chain that is either

decreased or lacking.

Quantitative hemoglobin disorder encompasses all kinds of thalassemia.
Only o-thalassemia and [B-thalassemia are prevalent enough to cause
health problems. [6].

1.1.2.1. o-thalassemia: Deletions in the a-globin gene group cause one
or both a-globin genes at each locus to lose their function, resulting in an
excess of B-globin chains. The illness a-thalassemia is a life-threatening
condition that affects a vast number of people. As a consequence, there
are four a-globin genes, each of which requires several mutations to
produce a clinical outcome. Furthermore, p-thalassemia a-globin chains

are less likely than unpaired a-globin chains to precipitate [4-5].

1.1.2.2. p-thalassemia: Since it is so public and frequently results in stark
anemia, it is the most dangerous of the thalassemia diseases [6]. A lack of
or absentecism of B-globin chain construction effects in an over an
abundance of globin chains. B-thalassemia is frequently characterized as a
stark kind of sickness because it produces stark anemia in both

homozygous and compound heterozygous phases [7-8].
1.1.3. Clinical classification of B-thalassemia

According on the strictness of the symptoms, beta-thalassemia may

be divided into three groups:

1.1.3.1. B-thalassemia minor: Is the clinically asymptomatic [3-
thalassemia transporter condition, which occurs from heterozygosis for -
thalassemia and is characterised by particular hematological

characteristics [7].



1.1.3.2. B-thalassemia intermedia: It's a group of illnesses related to
thalassemia that vary in severity from asymptomatic carriers to severe

transfusion-dependent situations [8].

1.1.3.3. pB-thalassemia major: p-thalassemia major is a severe
transfusion-dependent anemia also known as Cooley's anemia or
Mediterranean anemia. It's a mendelian disease that strikes individuals all
over the world [9]. It's a recessive mendelian illness that affects
individuals all over the globe, and it may be homozygous or compound
heterozygous. Because y-globin chain synthesis is regular and HbF
(a2y2) production is sufficient, patients with B-thalassemia major have a
nearly normal hematological profile at natal. As a result, when these
children need to change their fetal RBCs with cells that contain primarily
HbA (fetal to adult Hb changeover), there is a shortfall of B-globin
synthesis (0232). Because the fundamental shift from HbF to HbA occurs
at this period, the most severe types of B-thalassemia develop in the first
year of life [10-11].

Table (1-2): Types of thalassemia and clinical features.

_ CLINICAL FEATURES LABORATORY FEATURES

Hb :<7g/dL

= Snemha HbF :>90%

THALASSEMIA
= Hepatosplenomegaly

MAJOR " . HbA2: normal or high
kot e HbA : usually absent
N . = Hb :<8-10g/dL
THALASSEMIA |- Eefenams = HbF :>10%
INTERMEDIA - = HbA2: 4-9%, if > 10% suggests HbE
Hepatosplenomegaly = HbA :5-90%

Hb :<10g/dL

MCH : <27 pg

HbF :>2.5-5%

HbA2: 4-9%, if >20% suggests HbE
trait

= HbA :>90%

B THALASSEMIA = Normal to mild anemia
TRAIT = No organomegaly



1.2. Antioxidant and ROS

"Any material that slows, stops, or eliminates oxidative destruction
to a target molecule™ is how antioxidants are definite. [12-13] by
Gutteridge and Halliwell. Antioxidants are definite as "any chemical that
sifts (ROS) directly or indirectly to update antioxidant resistances or
suppress ROS generation,” according to Khlebnikov et al. [14].
"Oxidation" is a chemical reaction that causes electrons to be removed
and the oxidant state to increase. The manufacture of free radicals, which
are unsteady atoms, and the loss of electrons in molecules are the
outcomes of oxidation. These are extremely reactive and contain unpaired
electrons, allowing chain reactions to occur, destabilizing other

compounds that create free radicals.

These free radicals, also known as reactive oxygen species (ROS),
disrupt the body's homeostasis, causing oxidative stress, cell death, and
tissue damage. ROS include superoxide (O,), hydroxyl (HO’), peroxyl
(RO,"), hydroperoxyl (HO;), alcoxyl (RO), nitric oxide (NO), nitrogen
dioxide (NOy), lipid peroxyl (LOO), non-radical hydrogen peroxide
(H,0,), hypochloric acid (HOCI), ozone (O3), and lipid peroxide (LOOH)

[15-16]. Figure 1-2 shows how free radicals create oxidative stress.



Endogenous sources : ; Environmental sources
*mitochondrial leak Free radical production «cigarette smoke
srespiratory burst ' *pollutants

*enzyme reactions 0" H.0 *UV light
sautooxidation reactions 2 2v2 sionising radiation
o *xenobiotics

Transition

metals

Fe*, Cu'

OH
Lipid peroxidation Modified DNA bases Protein damage

S B P

Tissue damage

Figure 1-2: Free Radical; Production and Effect [16].

Antioxidants may prevent or repair reactive oxygen cell damage by
preventing or delaying the initiation or replication of the oxidative chain
reaction, depending on the balance between ROS and the availability of

antioxidants in the cell's microenvironment [17-19].

Free radical sifting, action reduction, pro-oxidant complexing, lipid
peroxyl radical sifting, and single oxygen reduction are some of the
processes that antioxidants are thought to function by. Shielding oxidants
are antioxidants that act as free radical oxidation inhibitors. Single-
oxygen quenchers, reduction agents that convert hydroperoxides to stable
compounds, metal chelators that convert pro-oxidant metals (iron and
copper derivatives) to stable products, and pro-oxidant enzyme inhibitors
(lipoxygenases) that prevent the formation of free lipid radicals are all

examples of chain-breaking antioxidants [20-21].



1.2.1.Classification of Antioxidants

Antioxidants were divided into two categories: enzymatic and non-

enzymatic antioxidants Figure 1-3.

Enzymatic
antioxidants

Antioxidants

Non-enzymatic
Antioxidants

Carotenoids

(B-carotene Organosulfur
Lycopene,lutein) compounds

Minerals

(Zn ,Se)

Vitamins Antioxidant

(A,C,E,K) cofactors

T (coenzyme

Q10)

Primary enzymes (SOD, Secondary enzymes
Catatales ,glutathione (glucose 6-phosphate, Polyphenols
Peroxidase) Dehydrogenase,
glutathione reductase
Flavonoids(quercetin, Flavonoids
Kaempferol)
Isoflavonoids i Flavanoids
L avonones
(genistein) (catechin,EGCG)

Hydroxy
Cinnamic acids

Figurel-3: Classification of Antioxidants [22].

1.2.1.1.Enzymatic Antioxidants

Phenolic acids

Hydroxy-benzoic
acids

Primary and secondary defenses are the two types of enzymatic

antioxidants.

(SOD), which transforms superoxide

into hydrogen

peroxide as a catalase substrate [22]. Hydrogen peroxide is converted to

water and molecular oxygen by catalase (CAT). The secondary enzymatic

shield system

includes GSH

reductase and glucose-6-phosphate

dehydrogenase. GSH reductase converts oxidized glutathione to depleted

glutathione, allowing more free radicals to be replenished and killed.



Glucose-6-phosphate replenishes the anabolic coenzyme nicotinamide
adenine dinucleotide phosphate (NADPH), resulting in a confined

environment [23- 24].
1.2.1.1.1.Superoxide Dismutase (SOD) (EC 1.15.1.1)

Superoxide Dismutases are antioxidant enzymes that catalyze
superoxide radical dismutation into hydrogen peroxide and oxygen. SOD
may shield cells from tissue injury induced by inflammatory processes

and neutrophil-produced superoxide.
1.2.1.1.2.Catalase (CAT) (EC 1.11.1.21)

The principal antioxidant enzyme found is catalase, which
catalyzes the two-phase change of H,0, to H,O and O, with the help of
an iron or manganese cofactor. One hydrogen peroxide molecule oxidizes
its cofactor, which is then aided by the associated oxygen being

transported to a second substrate molecule.
Catalase- Fe **+ H,0, ——— Compound |
Compound | + H,0, ——  Catalase- Fe *+ H,0 + O,

A heme collection and a NADPH molecule are found in each of

catalase's four protein subunits [25].
1.2.1.1.3.Glutathione Enzymes

Glutathione transferases, glutathione peroxidases, glutathione
reductase and glutathione are all part of the glutathione mechanism. The
selenium-containing enzyme glutathione peroxidase catalyzes the
breakdown of hydrogen peroxide and organic hydroperoxides. The lipid
peroxide action of glutathione S-transferases is high. The liver has a high

concentration of these enzymes. Glutathione peroxidases are enzymes
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that stimulate the oxidation of glutathione. Hydro peroxides, for example
H,O, and lipid hydro peroxides, action as substrates for these enzymes
[26].

ROOH+ 2GSH — GSSG + H,0 + ROH
1.2.1.2.Non-Enzymatic Antioxidants

Compounds containing organosulfur (allium and allium sulfur),
coenzyme (Q10), vitamins (A, C, E, and K), nitrogen compounds (uric
acid), minerals (Zn and Se), peptides (glutathione), and polyphenols are

among the non-enzymatic antioxidants (flavonoids and phenolic acid).
1.2.1.2.1.Vitamin A

Vitamin A is a carotenoid generated in the liver as a consequence
of B-carotene degradation. It has antioxidant properties because it has the
potential to attach to peroxyl radicals before they cause lipid peroxidation
Vitamin A, among other things, protects the face, hair, and internal
organs. [27- 28].

1.2.1.2.2.Coenzyme (Q10)

CoenzymeQ10 is hypothesized to operate by avoiding lipid
peroxyle radical formation. It neutralizes radicals even after they have
created. Vitamin E regeneration is an essential function of this coenzyme.
Vitamin E regeneration is more probable with this method than with
ascorbate (vitamin C). This co enzyme may be current in every cell and
membrane and is required for cell respiration and other metabolic

processes [29].



1.2.1.2.3.Uric Acid

Uric acid is the Human purine nucleotide metabolism end product
90% of uric acid is reabsorbed by the body after renal purification,
showing that it plays important functions inside the body. Uric acid is a
strong seeker of singlet oxygen and hydroxyl radicals, and it protects
erythrocytes against peroxidation-induced lysis. It has also been shown to
prevent oxo-heme oxidant overproduction caused by hemoglobin-

peroxide interactions [30].
1.2.1.2.4.Glutathione

Glutathione is a tripeptide that provides an electron or a hydrogen
atom to protect cells from free radicals. It is also necessary for the
recovery of a variety of antioxidants, including ascorbate [31]. The
endogenous antioxidant system, on the other hand, is inadequate, and

people must rely on dietary antioxidants to lower free radical levels [32].
1.2.1.2.5.Vitamin C

Vitamin C and vitamin E are known by their generic names of
ascorbic acid and tocopherols, respectively. Ascorbic acid is broken down
into two antioxidant compounds: L-ascorbic acid and L-dehydroascorbic
acid. The gastrointestinal system processes these two compounds, which
may be enzymatically interchanged in vivo. Radical anion, H,0,, HO;,

singlet oxygen, and NO' are all scavenged by ascorbic acid [33].
1.2.1.2.6.Vitamin E

Vitmin E is the only lipid-soluble, chain-breaking antioxidant found
in plasma, red blood cells, and tissues, and it assists in lipid structure
protection. especially membranes. By converting phenolic hydrogen to

peroxyl radicals, which subsequently form tocopheroxyl radicals, which,
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although being radicals, are non-reactive and incapable of initiating the
oxidative chain reaction, this prevents lipid peroxidation. Four

tocopherols and four tocotrienols make up vitamin E [34].
1.2.1.2.7.Vitamin K

K1 and K2 are the two natural isoforms of this vitamin. Vitamin K
Is a family of fat-soluble chemicals that are required for the change of
protein-bound glutamates in a variety of target proteins to -
carboxyglutamates after translation. The antioxidant action of several

vitamins is attributed to their 1, 4- naphthoquinone content [35].
1.2.1.2.8.Flavonoids

Flavonoids are a collection of compounds with a skeleton of
diphenyl propane (C6C3C6). Flavonols, flavanols, anthocyanins,
isoflavonoids, flavanones, and flavones are all examples of flavonoids..
Flavanones and flavones are often found together in fruits and are linked
by certain enzymes., whereas flavones and flavonols are not linked by
specific enzymes and are seldom found together.Plants that are high in
flavanone lack anthocyanins as well. The phenolic hydroxyl groups
coupled to ring complexes in flavonoids provide antioxidant activity.
Among other things, they may act as reducing agents, superoxide radical
scavengers, hydrogen donors, single oxygen quenchers, and metal
chelators.. They increase uric acid levels and low molecular weight

molecules, activate antioxidant enzymes and limit oxidation [36-37].
1.2.1.2.9.Phenolic Acids

Hydroxy cinnamic and hydroxybenzoic acids are made from
phenolic acids. Gallic acid, a kind of phenolic acid found in gallnuts,

sumac, tea leaves, oak bark, and other plants, is one of the most
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researched and promising hydroxybenzoic compounds, whereas cinnamic
acid is the predecessor of all hydroxyl cinnamic acid. They may be found
in plant products as well as as esters and glycosides on rare instances.
They operate as scavengers and chelators of free radicals, particularly
hydroxyl and peroxyl radicals, superoxide anions, and peroxynitrites [38-
39].

1.2.1.2.10.Carotenoids

Plants and microbes create carotenoids, which are natural colors.
Carotenes with distinctive end-groups like lycopene and -carotene, as
well as xanthophyll-known oxygenated carotenoids like zeaxanthin and
lutein, are two types of carotenoid hydrocarbons. The solvent is interacted
with in a series of rotational and vibrational exchanges., singlet oxygen
guenching causes excited carotenoids to lose the newly obtained energy,

allowing more radical species to quench themselves [40].
1.2.1.2.11.Minerals

Minerals are present in trace amounts in animals and account for
just a tiny fraction of dietary antioxidants, but they play a crucial role in
their metabolism. Selenium and zinc are two minerals that have
antioxidant properties. In the human body, selenium may be found in
both organic (selenocysteine and selenomethionine) and inorganic
(selenite and selenate) forms. It does not directly battle free radicals, but
it is a required component of the majority of antioxidant enzymes
(metalloenzymes, glutathione peroxidase, and thioredoxin reductase),

without which it is ineffective [41].
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1.2.2.Antioxidants: Health and Diseases

Reactive Oxygen Species (ROS) is assumed to be the cause of a
number of human illnesses, including neurological disorders, mortality,
stroke, and a range of other conditions. Antioxidants are supposed to
guard beside the harmful properties of reactive oxygen species (ROS)
and, as a result, can heal oxidative stress-related illnesses Figure 1-4 . An
antioxidant methodology to illness therapy has promise since most
diseases are mediated by ROS; there has also been a huge increase in
oxidative stressors with the fast growth of civilization, industrialisation,
and overpopulation. Antioxidant and scavenger-containing products have
been shown to protect against ROS-induced illnesses in epidemiological

investigations [42].

Renal graft
Glomerulonaph Burn
Degenerative retinal damage Dermatitis
Cataractoganesis Psoriasis
Eve [
Angioplasty,
Keshan disease
(selenium
Gl deficiency)
Ischamic Bowel = =
Endotoxin Liver Oxidative Stress
Injury
Vessel :
Rheumataid
Vasospasm - Athritis
Atherosclemsis Multi-organ Lung
Radiation Brain Asthma
Aging Trauma ARDS
Cancer Stroke Hyperoxa
Inflammatory-immune MNeurotoxns
injury Ischemia-Reflow Parkinson's Disease
Diabetes Alzheimer's Disease

Figure 1-4: Oxidative stress-induced diseases in human [42].

Hemolytic illnesses associated to excess circulating free heme
include thalassemia, sickle cell disease (SCD), sepsis, malaria , and
cardiac bypass [43-45]. When reduced heme (Fe* to Fe*") is oxidized,
heme and hemoglobin (Hb) may be released into the circulation from red
blood cells (RBCs) [44-46]. Heme and Hb are scavenged and removed in
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plasma under normal physiologic circumstances, or sequestered and
transferred to organs such as the liver for breakdown [44-46]. On the
other hand, severe hemolysis causes circulating heme to surpass the
sifting and poverty pathways, resulting in huge levels of extracellular free

heme, which may cause intravascular cell and tissue damage[44-46].

Hemoglobin (Hb) is guided to macrophages by haptoglobin (Hp) at
low levels of hemolysis, when the complex is taken up by endocytosis
and destroyed [44]. Hemopexin (Hx) binds able heme in the plasma,
which is subsequently destroyed by the enzyme heme oxygenase-1 (HO-
1) to iron, carbon monoxide, and biliverdin [43]. Hx concentrates heme in
the spleen and liver, enabling it to flow through the endothelium, be
endocytosed and destroyed by cellular HO-1, or be restructured for heme
iron recycling [44-46]. Hx and HO-1, on the other hand, become
saturated during acute hemolysis, causing oxidative injury to surrounding
tissues owing to a reduction in heme breakdown and a corresponding

increase in circulating free heme. [44].

Interaction of free heme with O,, for example, may form
superoxide (O,7), which can subsequently be utilized to enhance
hydrogen peroxide (H,0O,) levels by natural or enzymatic dismutation, in
addition to hydroxyl radical (HO") levels via peroxide(s) reactivity with
transition metals, such as heme-iron (Fe). Increased levels of these
reactive species cause lipid, protein, and DNA oxidation, resulting in cell
and tissue damage, endothelial dysfunction, and vascular homeostasis
[43-47]. While it is considered that the catalytically active Fe in heme, as
well as "free Fe" formed from heme, is the major source of oxidants in
hemolytic illness, later contributions from other sources play a key role in
the advancement of this inflammatory process. Toll-like receptor 4

(TLR4) signing is activated by free heme, which leads to the stimulation
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of pro-inflammatory pathways, including the extension of ROS stages
from causes other than Fe-mediated activities Figure 1-5 [44-48].
Reactive oxygen and nitrogen species (ROS and RNS) (e.g. nitric oxide
(NO), nitrogen dioxide (NO,"), and peroxynitrite (ONOQ)) are generated
under a variety of clinical situations that often accompany hemolytic
ilinesses (e.g. ischemia-reperfusion damage and chronic inflammation)
[49-51]. The mitochondrial electron transport chain, nicotinamide-
adenine dinucleotide phosphate (NADPH) oxidases, uncoupled nitric
oxide synthase (NOS), and xanthine oxidase (XO) are the main sources of
O,” [50]. One such mechanism is XO, which has been shown to be
elevated in hemolytic disease [52]. XO produces oxidants by transferring
electrons from purine oxidation to decrease O, univalently (O,”) or
divalently (H,0,)[52]. Increased RNS synthesis might be due to the
diffusion-limited interaction of XO-derived O,” with NO’ to generate
ONOO" [53], but higher rates of O, generation from the other sources
discussed above could also play a role. Increased ONOO™ levels have
been associated to changes in cell signaling, a reduction in NO "mediated
vasodilation, and a loss of endothelial barrier integrity owing to lipid

peroxidation in the membrane [54-55].

15



Red blood cell

P
Hemolysis —l Hemolytic

diseases

Ruptured red _ \
blood cell | 1‘

Hemoglobin Heme

.«";V ,\T\
\\ Toll-like ﬁ
~ receptor-4 —O
Hemopexin

f oo Plasma HO-1
% Yl degradation
% j ’11‘ ¢

leer Iron + CO

+ biliverdin Endothelial |/ Macrophage
cell activation | activation
Inflammatory

eIIuIar HO-1
response
degradatlon P

; Iron
Haptoglobin Redistribution
degradation R

Haptoglobin

Macrophage

Figure 1-5: Hemolysis is the process of releasing hemoglobin (Hb) and heme
from a red blood cell (RBC) [44].
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1.3. Xanthine oxidase (XO, EC 1.1.3.22)

Human physiopathological conditions are often associated with
reactive oxygen species (ROS) such as singlet oxygen, superoxide radical
anions, hydrogen peroxide, and hydroxyl radicals [56]. A number of
neurodegenerative disorders including brain and heart reperfusion
damage, Alzheimer's dementia, atherosclerosis, and Parkinson's disease
have been linked to oxidative stress, which is generated by an imbalance
between antioxidant systems and oxidant production, including ROS [57],
and the pathogenesis of inflammation, cancer, arthritis, and aging [57-
58]. ROS are created in human tissues as a result of exposure to
exogenous substances in the environment such as gamma rays, UV light,
and x-rays, or during metal catalyzed reactions [59] and some
endogenous metabolic activities involving bioenergetics electron transfer

and redox enzymes [60].

Xanthine oxidase (XO), an enzyme that catalyzes conversion of
hypoxanthine to xanthine and xanthine to uric acid, is another biological
source of superoxide radicals. In both processes, superoxide anions and

hydrogen peroxide are formed when molecular oxygen is reduced [61].

Polyphenols such as flavonoids have been shown to have
antiallergenic, antiviral, anti-inflammatory, and vasodilating effects in
several studies. Flavonoid antioxidant activities are associated with these
pharmacological properties. Flavonoid protective properties are attributed
to the ability to inhibit ROS generation by blocking specific enzymes or
chelating transition metals implicated in free radical formation,
scavenging radical species, particularly ROS, and increasing antioxidant
defense regulation [62- 63].
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Xanthine Oxidase (XO) is a complex molybdoflavoprotein that is
primarily present in dehydrogenase form; only the oxidase form
participates in production of considerable superoxide O,  and hydrogen
peroxide (H,O,). XO is a key biological O,  producer associated with a
number of disorders. XO is involved in ischemia and different forms of
vascular damage, chronic heart failure, and inflammatory diseases [64].
XO is responsible for uric acid production; its presence at elevated
concentrations may indicate increased oxidative stress and consequent
risk. Gout is caused by high concentrations of uric acid in the blood,
known as hyperuricemia [65]. The kidneys and gastrointestinal tract are
responsible for final elimination [66]. Increases in serum uric acid,
oxidative stress, endothelial dysfunction, and left ventricular dysfunction,
all of which have been associated with the etiology of heart failure [67],

may result from increased XO pathway activity [68- 69].

Inhibition of XO reduces tissue and vascular damage resulting from
oxidative stress. Furthermore, it lowers uric acid concentration, a risk
factor for development of all types of cardiovascular disease [70].
Xanthine oxidase inhibitors (XOIs) have demonstrated effectiveness in
treatment of hepatitis, brain tumors, and gout [71-72]. XOls may be

effective in the treatment of a variety of other diseases [73- 74].

Researchers have provided many protocols to measure XO enzyme
activity. The most common protocol is based on measuring the change in
absorbance in the ultraviolet region by following the increase in
absorbance at 295 nm caused by the formation of urate [75] or by the
production of NAD(P)H [76]. Another protocol is based on measurement
of the disappearance rate of xanthine at 270 nm [77]. Atlante et al. [78]
described a fluorometric protocol to measure XO activity. As a

consequence of pterine oxidation by the produced hydrogen peroxide, the
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process was used to synthesize fluorescent isoxanthopterin from non-

fluorescent pterine (ExX/Em: 345 nm/390 nm).

A novel protocol for assessing XO activity was developed using
the oxidation of 2,2'-azino-di(3-ethylbenzthiazoline-6-sulphonate)
(ABTS) by peroxidase and uricase [79]. After 10 min at 410 nm, the
increase in absorbance of the oxidized form of ABTS was proportional to
XO activity. Naoghare et al. [80] developed a high-throughput chip-based
protocol using a photodiode array (PDA) microchip technique to examine
the inhibitory effects of pharmacological analogs on XO. The test used
the red light absorption properties of nitroblue tetrazolium (NBT)

formazan, which is produced when NBT is reduced by free radicals.

Liu et al. [81] devised an ultrahigh-performance liquid
chromatography and triple quadrupole mass spectrometry (UHPLC-TQ-
MS) technique with improved accuracy and speed by adding WST-1 (2-
(4-iodophenyl)-3-(4-nitrophenyl)-  5-(2,4-disulfophenyl)-2H-tetrazolium
sodium salt) to the XO enzymatic reaction. Using digital automation, the
methodology was applied to test the XO inhibitory properties of a range

of herbal extracts and components from natural sources.

Ozyiirek et al. [82] used the cupric reducing antioxidant capacity
(CUPRAC) spectrophotometric protocol to measure the XO-inhibitory
activity of polyphenols (XOI-CUPRAC method). The method used direct
measurements of hydrogen peroxide and uric acid production to assess
XO with and without interference. The CUPRAC absorbance of the
enzymatic reaction solution decreased in the presence of polyphenols
owing to the reduction of Cu(ll)-neocuproine reagent (Cu(ll)—Nc) by the
products of the xanthine—xanthine oxidase system, with the difference

proportional to the XO inhibition ability of the investigated compound.
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1.4. Ferroptosis

The presence of hepatocyte mortality in the liver is reflected in
serum transaminases, which are the most extensively utilized hepatic
function indicators [83]. Furthermore, these markers have prognostic
Importance in a variety of Chronic Liver Disease (CLD), including
hepatitis C virus infection (HCV), alcoholic liver disease (ALD), non-
alcoholic steatohepatitis (NASH), drug-induced liver injury (DILI), and
hepatocellular carcinoma (HCC), which all involve persistent
inflammation from any underlying cause. [84-85].Cell death is not just a
reaction to various insults, but it may also be self-executed via a process

known as programmed cell death (PCD).

Hepatocyte cell death includes apoptosis (a frequent kind of PCD),
necrosis, pyroptosis, necroptosis, and autophagy. Various changes in the
nucleus, cytoplasm, and other organelles such as lysosomes define
different instruments of liver cell death. Regardless of the routes
implicated, all of these methods lead to irreversible cellular malfunction
and cell death [86-87]. Ferroptosis is a new kind of cell death that has just
been discovered, with the feature of iron being involved in the formation
of oxidative cell damage [88]. Animal models of cancer, renal damage,
and neurological impairment have all been used to study ferroptosis [89-
90].

Ferroptosis has been related to a range of chronic liver illnesses,
including hemochromatosis, ALD, HCV, NASH, and HCC, as well as
DILI. Liver damage has been associated to an imbalance in iron
metabolism as well as ROS-induced lipid peroxidation in these disorders
[91-92] Figure 1-6 .
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Figure 1-6:Characteristics of several forms of cell death [92].

1.5. A simple chemical sensor for quantifying xanthine
oxidase inhibition activity

Free radicals are chemical species that are very reactive and often
very unstable [93]. Many diseases have been associated with them,
including inflammation, stroke, coronary artery disease, diabetes mellitus,
rheumatism, liver disorders, Alzheimer’s disease, renal failure, and
cancer [94-96]. Free radicals are by-products of cellular metabolism that
are continually produced by membrane enzymes, cytoplasmic proteins,
peroxisomes, and mitochondrial and microsomal electron transport
systems. In addition, tobacco smoke, ionizing radiation, and pollution are

exogenous free radical sources [93].

A molybdoflavoprotein  hydroxylase known as xanthine
oxidoreductase can function as an oxidase or a reductase, although it
primarily acts as an oxidase. It catalyzes the breakdown of hypoxanthine
to xanthine and then to uric acid, creating superoxide and hydrogen

peroxide (H,O,) [97]. It is a rate-limiting enzyme in nucleotide
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metabolism. Xanthine oxidase (XO) is a significant source of free
radicals that contribute to the oxidative breakdown of living tissue [98].
XO causes gout, a medicinal disorder characterized by hyperuricemia,
which involves uric acid deposition in the joints and severe inflammation.
Notably, 5%-30% of the general population have hyperuricemia, which
Is believed to be increasing worldwide and a significant risk factor for

life-endangering diseases such as renal failure [99- 101].

XO inhibitors (XOls) are biomolecules that inhibit the final stage
of uric acid formation or uricosuric medications that promote urine
excretion of uric acid, reducing plasma uric acid concentrations, and are
often used to treat gout [102-103]. The only XOI used clinically to treat
gout is allopurinol [104-105]. However, it has several adverse effects,
including nephritis, allergic problems, and hepatitis . Therefore,
identifying innovative XOls to treat gout and other XO-activity-
associated conditions with increased therapeutic efficacy and fewer

adverse effects is urgently required [106].

Botanical components are gaining increasing attention in the
continued search for novel medications or lead compounds for treating
many diseases [107]. Natural compounds produced from conventional
medicinal plant extracts have continuously offered an attractive prospect
for creating novel therapeutic agents. Newman and Cragg [108] reported
that globally, many novel biomolecules approved for use as medications
between 1981 and 2006 were derived from or inspired by natural
compounds. There are many XOls in natural products, which could be
made into therapeutic agents in the future [109-110]. However, the
potential for establishing effective natural therapies for treating gout
disorders is currently underdeveloped. Optimizing and screening effective
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and safe XOls would be an excellent strategy for controlling XO-
dependent disorders [111].

Numerous methods have been developed to quantify XO enzyme
activity. The most commonly used method involves monitoring the
increase in absorbance at 295 nm caused by urate synthesis [112] or the
production of the reduced form of nicotinamide adenine dinucleotide
phosphate [76]. A different protocol is based on measuring xanthine’s
dissociation rate at 270 nm [77]. Atlante et al. [113] assessed XO activity
using a fluorometric procedure that creates fluorescent isoxanthopterin
from non-fluorescent pterine (ExX/Em: 345 nm/390 nm) via oxidation by
the generated H,0,. A sensitive method for measuring XO activity was
developed by Fried [114], using the reduction of nitroblue tetrazolium
(NBT) salt as an electron acceptor and phenazine methosulfate,
ethylenediaminetetraacetic acid, and gelatin to accelerate the reaction

rate.

A novel sensor for quantifying XO activity used the oxidation of
2,2'-azino-di(3-ethylbenzothiazoline-6-sulfonate; ABTS) by uricase and
peroxidase [79], where the increase in oxidized ABTS absorbance at 410
nm after 10 minutes is due to XO activity. Naoghare et al. [115] studied
the inhibitory effects of pharmaceutical analogs on XO activity with a
high-throughput chip-based protocol using a photodiode array microchip
device. The NBT formazan created when free radicals reduce NBT was

used in this assay due to its ability to absorb red light.

Liu et al. [116] developed an ultrahigh-performance liquid
chromatography and triple quadrupole mass spectrometry method,
showing improved accuracy and measurement speed. This protocol used
2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium
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as the substrate to assess H,O, production. This digital automation
method was used to investigate the XOI ability of various herbal extracts
and natural components. Ozyiirek et al. [117] measured the XOI activity
of polyphenols using a spectrophotometric cupric reducing antioxidant
capacity (CUPRAC) method by quantifying XO activity with and without
interference using direct measurements of H,O, and uric acid generation.
CUPRAC absorbance decreased in the presence of polyphenols due to the
reduction of Cu(ll)-neocuproine reagent by the xanthine-XO system
products, with the difference proportional to the examined compound’s
XOI activity. Wu et al. [118] developed a capillary-electrophoresis-based
XO immobilized enzyme microreactor to evaluate enzymatic reaction
kinetics and screen flavonoid XOls. A polydopamine/graphene oxide

membrane to immobilize the enzyme on the capillary’s inner wall.

This thesis presents method that describes a sensitive chemical
sensor for measuring XOI activity. In this protocol, enzyme samples are
incubated for 30 minutes at 37°C with a suitable xanthine concentration
as the substrate before XO activity is quantified by directly measuring
H,O, generation using a 3,3’,5,5'-tetramethylbenzidine(TBM)-H,O,
system catalyzed by cupric ions (Cu®). XOI activity is quantified based
on the difference in XO activity with and without the XOI. The chemical
sensor produces optical signals that can be visually recognized or

detected using a UV-visible spectrophotometer.
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1.6. Aims of the study:
The study aims to show the correlation between xanthine oxidase

enzyme activity and ferroptosis in patients with B-thalassemia major aged

(5-15 years) via :

1. Measuring of blood parameters that relate with -thalassemia, such

as Hb, Iron and Ferritin.

2. Measuring Xanthine Oxidase Enzyme Activity and Trying to
develop new methods for assessment of Xanthine Oxidase Activity
and compared it with ordinary methods.

3. Assessment Total Antioxidant Capacity , Total Glutathione
Concentration,  Glutathione  Peroxidase 4  concentration
(ELISA), Total Vitamin E Concentration and Total Oxidant Status,

lipid peroxidation .

4. Determination the Ferroptosis levels.
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2.1. Material
2.1.1. Chemicals

All chemical and biochemical reagents were supplied from
analytical grade and were purchased from standard chemical commercial
providers, then consumed without any addition purification as shown in
Table (2-1):

Chemicals Purity % Supplied
company
1,3-Diethyl-2-thiobarbituricAcid 99.0 Sigma-Aldrich
(DETBA)
AAPH(2,2'-azobis-2-methyl- 99.0 Sigma-Aldrich
propanimidamide,dihydrochloride)
Absolute Ethanol 96.0 Fluka
Ammonium acetate ( NH,AC) 99.0 BDH
Copper (1) chloride CuCL,.2H,0 99.0 Sigma-Aldrich
Disodium hydrogen phosphate-Sodium|  ----- Sigma-Aldrich
phosphate dibasic
DTNB (Elman's reagent) 99.0 Sigma-Aldrich
Ethyl acetate 99.0 BDH
Ferric chloride hexahydrate 98.0 BDH
Ferrous ammonium sulfate (FAS) 99.0 BDH
(Fe(SO4)(NH4),(SO,) )
Gallic acid 99.0 Sigma-Aldrich
Gelatine 99.0 BDH
Glycerol ( C3HgO3) 99.0 Sigma chemicals
Glutathione peroxidase 4 (kit) ELISA |  ----- Bioassay
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technology

laboratory
GSH (glutathione) 99.0 BDH
Hydrochloric acid ( HCI) 99.0 BDH
Hypochloric acid HOCI 7% Traditional
Hydrogen peroxide ( H,0,) 98.0 Fluka
Hypoxanthine 99.0 Sigma-Aldrich
KH,PO, 99.0 Sigma chemicals
Na,HPO, 99.0 BDH
Neocuproine ( Nc) 2,9-dimethyl-1,10- 98.0 Sigma-Aldrich
phenanthroline ( C14H1oN)
n-propyl alcohol 99.0 BDH
O-dianisidine dihydrochloride 95.0 Sigma
(C14H16N20,.2HCI )
Peroxidase (horseradish) Type | Sigma-Aldrich
Pyrogallol red 99.0 Sigma-Aldrich
Phenazine metosulfate 99.0 Sigma-Aldrich
Sodium azide ( NaN3) 98.0 BDH
Sodium chloride (NaCl ) 98.0 Sigma
Sodium dihydrogen phosphate |  ----- Sigma-Aldrich
monohydrate-Sodium phosphate
monobasic monohydrate
Sodium  dodecyl sulfate  (SDS) 99.0 BDH
NaC;,H,5S0,
Sodium hydroxide NaOH 99.0 BDH
Sulfosalicylic acid 99.0 BDH
Sulfuric acid (H,SO,) 98.0 BDH
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t-BOOH (70% solution in water) 98.0 Sigma
TCA (trichloro acetic acid) (C,HCI;0,) 99.0 BDH
Trolox(6-hydroxy-2,5,7,8- 97.0 Sigma-Aldrich
tetramethylchroman-2-carboxylic acid)

Uric acid 99.0 BDH
Uricase Type | Sigma-Aldrich
Vit E (a-Tocopherol ) 99.0 BDH
Xanthine 98.0 Sigma
xanthine oxidase Type | Sigma-Aldrich
Xylene 99.0 BDH
xylenol orange (C3;H3,N»043S) 98.0 Sigma chemicals
a0 dipyridyl 99.0 BDH
Sodium acetate 99.0 BDH
Acetic acid (HAC) 99.0 BDH
2,2’-azino-di(3-ethylbenzthiazoline-6- 99.0 Sigma-Aldrich
sulphonate) (ABTS)

3,3',5,5'-tetramethylbenzidine (TMB) 99.0 Sigma-Aldrich

2.1.2. Table : (2-2) Instrument Analysis and Equipment

Instrument Supplied company
pH meter Jenway(Germany)
Sensitive balance Stanton 461 AN(Germany)
Vortex mixer Karlkole (Germany)
Water bath Karlkole (Germany)
Shaker water bath Tecam(England)
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Oven Hearson (England)
Magnetic stirrer Gallin kamp (England)
Centrifuge Heraeus (Germany)
Spectrofluorometer Shimadzu 3101A
Spectrophotometer Shimadzu 1800
spectrophotometer
UV-visible PG T80+, England
spectrophotometer
UV/visible Shimadzu Tokyo, Japan
spectrophotometer 1301A
Abbott C4000 USA
Auto Hematology model : BC_ 10 Germany
Analyzer
Microplate reader BioTek (USA)

2.2. Methodologies

2.2.1. Collection of Blood and Serum Preparation

The vein on the front of the elbow or forearm is almost employed.
The arm must be temperate to develop the circulation and distend the
vein. The arm is extended, and a tourniquet is firmly applied (10-15) cm
above the elbow. The skin over the vein will be sterilized with a small
pad of cotton wool soaked with hapten. Disposable sterile needle fixed
onto a disposable syringe is inserted into the vein. When the needle enters
the vein the plunger of the syringe is slightly withdrawn. If blood appears,
the tourniquet is released. When five ml of blood has been drawn into the
needle was inserted, and the needle is withdrawn. This pad is firmly
pressed on to until the bleeding stops. The needle is removed from the
syringe and the blood was divided almost equally (1.0 ml) into 12x56mm

K3-EDTA polypropylene tubes and in a Gel tubes without anticoagulant (
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4.0 ml). The blood in the K3-EDTA tubes was used to perform a
hemoglobin (Hb), while the blood in a gel tubes permitted to clot for 15
minutes; the clot shrinks, and serum can be taken by centrifuging for
approximately 10 minutes at a relative centrifugal force (RCF) of 1500
RPM to 2000 RPM and used to determine Total Oxidant Status, Total
Antioxidants Capacity, Lipid Peroxidation, Glutathione peroxidase 4
(ELISA Kkits ), vitamin E, Xanthine Oxidase Activity, Ferritin, GSH and

Iron.

2.2.2. Patients and Controls

A clinical study was performed in the Chemistry department during
2021 - 2022. In this study overall 300 patients (male) were divided to two

comparison groups- Cases and Control and described as follows:

I- Cases included the patients diagnosed with PB-thalassemia. Blood
samples were drawn from the Patients From the Thalassemia Center at

the Children's Hospital of Babylon.

I1- Control included the healthy individuals from similar background and
geographic area, having similar food habits and having no history of

blood transfusion.

All participants were aged(5-15years).
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2.3. Reactive Oxygen Metabolites Derived Compounds (d-
ROMs) assay

2.3.1. Principle

Reactive oxygen metabolites (ROMS) assay were measured the
ROOH and H,0,, although the exact ROS components that measured
have not been described yet. This test was based on Fenton’s reaction,
which consists of indirect estimation of total ROOH in a solution test by
monitoring N,N-dyethyl-paraphenyldiamine radical cation (DEPPD)
concentration. This radical cation originated from the diamine oxidation
by ROO™ and RO that result from the reaction between peroxides present
in the sample and the iron ions (Fe**, Fe*") released by the proteins in the
acidic medium. Such radicals are then trapped by alchilamine present in

the reaction medium [119].

The concentrations of these newly formed radicals (DEPPD™),
which have a pink color, were measured at 505 nm, and they were

directly proportional to the peroxides present in the sample Figure 2-1.

Alchilamine in
acidic medium

SAMPLE
(ROS)

Transition metals
released by proteins

N,N-dietylparaphenylendiamine
. . (505 nm) Pink-colour proportional to the
ROO® and RO >

oxidant concentrations

Figure 2-1 : An overview of reactive oxygen metabolites derived compounds (d-
ROMs) reaction.
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The concentrations of d-ROMs were stable in human serum
samples when they were stored at 4 °C for 24 h and at — 80 °C for 3
months. However, the validity of this assay had been questioned.
Previous studies demonstrated that d-ROMs, in a dose-response study,
gave no response with H,O,, t-Bu-OOH and Cu-ROOH pure solutions. In
addition, it had been shown that ceruloplasmin is a potential source of the
signal detected by the test in serum, together with other compounds such

as iron, albumin, and thiol.
2.3.2. Reagents

1. Iron(ll) sulfate FeSO, (2.8 x 10° M in water): was prepared by
dissolving 42.5342 milligrams in 100 ml distilled water.

2. N,N,N',N'-tetramethyl p-phenylenediamine (DEPPD (3.7 x 10° M)
was prepared by dissolving 60.7725 milligrams of DEPPD in 100
ml of an acetate buffer solution. The final solution contains
butylated hydroxytoluene (3.3 x 10 M; 72.7155 milligrams).

3. Hydrogen Peroxide (STD) a (100 pmol/L) daily standardized and
newly diluted using a molar extinction coefficient of 43.6 M-1 cm-
1 at 240 nm.

2.3.3. Procedure

Blank Standard Sample
Distilled water 25ul e e
Serum | eeeee= | e 25 ul
Hydrogen peroxide | ------ 25 |
Fe®* solution 1 ml 1 ml 1 ml
Test tubes was mixed by vortex, then add:
DEPPD’ solution 250 ul 1250 ul 1250 ul

Every tube were gently after the addition, and let to stand at room

temperature for 30 minute, then absorbance was read at 505 nm.




2.3.3. Calculation

H — Ates
Total oxidants status = A;T]; X Conc.of STD

Conc. of STD= 100 pumol/L
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2.4.1. Total Antioxidants Capacity Assay: The ORAC-
Pyrogallol Red Assay

2.4.1.1 Principle:

The consumption of Pyrogallol Red (PGR) was evaluated from
the progressive absorbance decrease measured at 540 nm in the
thermostatted wells of a multimode microplate reader. The area under the
curve (AUC) of these kinetic data was assessed by their integration up to
a time such that (A/A0) reached a value of 0.2. All experiments were

carried out in triplicate[120].
2.4.1.2.Reagents:

Pyrogallol Red (PGR) and antioxidants were easily oxidized; these
solutions were prepared daily. 2,2'-azobis-2-methyl-
propanimidamide,dihydrochloride (AAPH) solution was stable for at least
2 days; however it was also prepared daily. Phosphate buffer was stable

for 2 weeks. Samples were analyzed immediately after opening.

1- Phosphate buffer solution (75 mM, pH 7.4)-A 10.65 g amount of
disodium hydrogen phosphate was weighed into 1 L deionized water;
10.35 g sodium dihydrogen phosphate monohydrate was weighed into 1
L deionized water. Sodium dihydrogen phosphate monohydrate solution
was added to the disodium hydrogen phosphate solution to reach a pH

value of 7.4.

2- Pyrogallol Red (PGR) stock solution (64 uM)-A 4 mg amount of PGR
was weighed and solubilized in 10 mL phosphate buffer solution. From
this solution of 1 mM, an aliquot of 64 uL was taken and added to 936 uL.
phosphate buffer to obtain a 64 mM PGR solution. From the latter
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solution, aliquots of 20 uL were taken and added to each well (final

volume, 250 pL) to obtain a final PGR concentration of 5 uM.

3- 2,2'-azobis-2-methyl-propanimidamide,dihydrochloride (AAPH) (120
mM)-A 0.163 g amount was weighed and solubilized in 1 mL phosphate
buffer. From this solution of 0.6 M, an aliquot of 200 uL. was taken and
added to 800 pL phosphate buffer to obtain a 120 mM AAPH solution.
From the latter solution were taken aliquots of 21 uL and added to each
well (final volume 250 pL) to obtain a final AAPH concentration of 10
mM.

2.4.1.3. Procedure:

1- Standards and sample antioxidants (50 uM) were prepared daily in

phosphate buffer or ethanol as necessary for solubility.
2- Beverage samples should be diluted 20 times with phosphate buffer.

3- Microplate preparation: The reaction mixture (final volume 250 pL in
75 mM phosphate buffer, pH 7.4) containing PGR (20 pL, 5 uM final
concentration), antioxidants (20 uL stock solutions), or diluted beverage
samples (25 pL) were placed in the well of the microplate. Final volume
was adjusted to 250 puL using phosphate buffer. This solution was
preincubated for 30 min at 37°C. AAPH solution (21 pL, 10 mM final
concentration), previously incubated at 37°C, is added to the microplate

well.

2.4.1.4. Determination

The microplate was immediately placed in the reader,
automatically shaken, and the absorption units (A) were registered every
30 s for 180 min. Collected absorbance values were plotted as (A/AQ) as

a function of the incubation time.
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2.4.1.5. Calculations
The AUC for each plot of A/AO is determined. AUC data were
used to obtain ORAC values of beverages, according to equation 1.
AUC — AUC°
ORAC = f [Trolox] (1)

AUC 1y10- AUC°

In this equation AUC = area under the curve in the presence of the
tested beverages, integrated between zero time and that corresponding to
80% of PGR consumption; AUC® = area under the curve for the control
(PGR plus AAPH in the absence of sample); AUCqq0x = area under the
curve in the presence of Trolox; f = dilution factor, equal to the ratio
between the final volume of the solution (250 uL) and the added beverage

volume; and Trolox = Trolox concentration (uM) Figure 2-2.

1200

y = 88.684x + 26.579 =
2 _
1000 R? =0.9979
800
D 600
0
400 &
200 2
.
0
0 2 4 6 8 10 12 14

Trolox concentration

Figure 2-2 : ORAC Standard curve of Trolox (umol/l).
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2.5. Determination of Serum Lipid Peroxidation
2.5.1 principle

Lipid peroxidation in sera was evaluated by thiobarbituric acid
reative substances (TBARS). TBARS test gives a basic, reproducible, and
standardized tool for measuring lipid peroxidation in serum. The MDA-
TBA adduct designed by the response of MDA and 1,3-Diethyl-2-
thiobarbituric acid (DETBA) under high temperature (90-100°C) at acidic
conditions was measured colorimetrically at 530-540 nm or
fluorometrically at an excitation wavelength of 515 nm and an emission
wavelength of 555 nm. This reaction had a much higher sensitivity

when measured fluorometrically [121] as a Figure 2-3 .

H+

HS.. _-N._ _OH o) o] S. -N. _oH HO_ .M. __SH

- = -
LS R SN

X-H H H Cc-C=C

H H
OH OH OH
Chromogen
TBA MDA (Amex= 532 nm) (Ex/Em 515/555 nm )

Figure 2-3: Scheme of the adduct MDA—(TBA),[121].

2.5.2. Reagents
1. 8.1% SDS
2. 0.25 mM HCI
3. 12.5 mM of 1,3-Diethyl-2-thiobarbituric Acid (DETBA) in a
sodium phosphate buffer (0.125 M, pH 3.0) warmed to 50°C
4, 20 mM BHT
5. Ethyl acetate
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2.5.3. Procedure:

1- A volume of 100 pl of serum was added to the test tube.

2-A volume of 200puL of 8.1% SDS, 1.5 mL of 0.25 mM HCI, 1.5 mL of
0.375 % of TBA, 50puL of 20 mM BHT, and 250uL of DDW were added

to a test tube.

3-The sample was vortexed and heated in a 90 C water bath for 15 min,

and then allowed to cool.

4- To extract the DETBA-MDA adduct, 4 ml of ethyl acetate was added,
and the mixture was shaken vigorously. After centrifugation at 2000 rpm
for 10 min at 20°C, the fluorescence intensity of the organic layer was
measured at an excitation wavelength of 515 nm and emission
wavelength of 555 nm (Ex 515 Em 555)-

Preparation of MDA stock solution

A solution was prepared with 22ul of 1,1,3,3-tetramethoxypropane
added to 10 ml of H,SO, (1%), and it was left to stand at room
temperature for 2 h in a place protected from light to generate MDA from
acid hydrolysis of the standard. Then, 10ul of the MDA stock solution
were added to 3 ml of H,SO,4 (1%). determined the concentration of the
MDA stock solution by reading the absorbance at 245 nm in the
spectrophotometer (¢ 245nm=13700 M 'cm™).

2.5.4. Calculation:

MDA Concentration =

F tes
F;T]; X Conc.of STD
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2.6. Determination of Serum Glutathione Peroxidase 4
(GPX4)

The kit is a sandwich enzyme immunoassay for in vitro
guantitative measurement of GPX4 in human serum, plasma, tissue

homogenates.

2.6.1. principle

This kit is an Enzyme - Linked Immunosorbent Assay ( ELISA ) . The
plate has been pre - coated with Human GPX4 antibody . GPX4 present
in the sample is added and binds to antibodies coated on the wells . And
then biotinylated Human GPX4 Antibody is added and binds to GPX4 in
the sample . Then Streptavidin - HRP is added and binds to the
Biotinylated GPX4 antibody . After incubation unbound Streptavidin -
HRP is washed away during a washing step . Substrate solution is then
added and color develops in proportion to the amount of Human GPX4 .
The reaction is terminated by addition of acidic stop solution and

absorbance is measured at 450 nm .
2.6.2. Reagent preparation

1. All components of the kit and samples have been brought to room

temperature (18-25C°) before use.

2. Standard — The standard solution is prepared as shown in the table

explain how to prepare standard solutions.
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12ng/ml | Standard 120ul Original Standard + 120ul Standard
6ng/ml Standard 120l Standard No.5 + 120ul Standard
3ng/ml Standard 120ul Standard No.4 + 120ul Standard
1.5ng/ml | Standard 120l Standard No.3 + 120ul Standard
0.7ng/ml | Standard 120ul Standard No.2 + 120ul Standard
120 ul 120 ul 120 nl 120 ul 120 ul
{; TN TN TN T T /\
N
Standard Standard | Standard | Standard | Standard | Standard
Concentration | No.5 No.4 No.3 No.2 No.1
24ng/mi 12ng/ml | 6ng/ml | 3ng/ml | 1.5ng/ml | 0.7ng/mL

3.Wash Buffer 20mLof Wash Buffer Concentrate 25x is dissolved into

deionized or distilled water to yield 500 mLof 1x Wash Buffer.
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2.6.3.Assay procedure

1. All reagents, standard solutions and samples were Prepared as
instructed. Bring all reagents to room temperature before use. The assay

Is performed at room temperature.

2. A 50ul standard was added to standard well. Without add antibody to
standard well because the standard solution contains biotinylated

antibody.

3. A 40ul sample was added to sample wells and then add 10ul anti-
GPX4 antibody to sample wells, then add 50ul streptavidin-HRP to
sample wells and standard wells (Not blank control well ). Incubate 60

minutes at 37°C.

4.The plate were washed 5 times with wash buffer. And Soak wells with
at least 0.35 mL wash buffer for 30 seconds to 1 minute for each wash.,
overfilling wells with wash buffer. the plate has been filtered onto paper

towels or other absorbent material.

5. A 50ul substrate solution has been added to each well and after we add
50ul substrate solution B to each well. Incubate plate covered with a new

sealer for 10 minutes at 37°C in the dark.

6. A 50ul Stop Solution was added to each well, then the blue color
changed into yellow immediately.

7. The optical density (OD value) was determined of each well

immediately at 450 nm within 10 minutes after adding the stop solution.
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2.6.4. Calculation of Result

A standard curve was constructed by plotting the average OD for
each standard on the vertical (YY) axis against the concentration on the
horizontal (X) axis and a best fit curve were drawn through the points on
the graph. These calculations were performed with computer-based
curve-fitting software and the best fit line were determined by regression

analysis Figure 2-4 .

1.8
1.6 ——y=0.1204x+0.1246 *

1.4 R2=0.9771

1.2

1 ®
0.8

0.6
0.4 /
0.2 /

0 ‘ T T T T T T 1
0 2 4 6 8 10 12 14
Glutation peroxidase 4 concentration (ng/mL)

Absorbance

Figure 2-4 : Standard curve of Glutathione peroxidase 4 concentration.

2.7. Assay of total tocopherol (vitamin E) in serum

2.7.1. Principle:

Plasma total tocopherol was assayed by the method of Quaife et al.
, It was involved the Emmerie- Engel color reaction with ferric chloride

and a,0’-dipyridyl to give a red color [ 122].
2.7.2. Reagents:

1. absolute ethanol.
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2. a,o-dipyridyl : was prepared by dissolving 0.120 gm of a,u-
dipyridyl in 200 ml of n-propyl alcohol.

3. Ferric chloride hexahydrate : was prepared by dissolving 0.120 gm
of Ferric chloride hexahydrate in 100 ml of absolute ethanol. Keep

this solution in a dark brown or red glass bottle.

4. o-tocopherol standard ( 1umol/L) was prepared by dissolving 2.0

mg of a-tocopherol in 100 ml of absolute ethanol.

2.7.3. Procedure:

Reagents Test STD Blank
Absolute ethanol 0.6 mL 0.6mL |0.6mL
Sample 03mL | - |-
Dw. e[ 0.3mL
st [ 03mL |-
Xylene 0.6 mL 0.6 mL 0.6 mL

Mixed well and centrifuged for 10 min at 3000 rpm.

xylene supernatant layer 0.1 mL 0.1 mL 0.1 mL
a,o -dipyridyl was added and 0.1 mL 0.1 mL 0.1 mL
vortexed

The 0.2 mL of this mixture was then pipetted into a cuvette and the
absorption was measured spectrophotometrically at 460 nm against

deionized water.
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ferric chloride 0.05 mL 0.05mL |0.05mL

Mixed thoroughly and absorption was again read at 520 nm

spectrophotometrically exactly 1.5 min after addition of ferric chloride.

2.7.4. Calculation:

(A520-0.29 A 460) test
A520STD

Conc.of test= * Conc.of STD

2.8. Determination of Xanthine Oxidase Activity

2.8.1. Reagents

Substrate-buffer solution: To prepare 10 mmol/L hypoxanthine
solution, 0.13611g of hypoxanthine was dissolved in 70 mL of 25
mmol/L NaOH solution, and 30 mL of 66.7 mmol/L KH,PO, was added.
This solution contains 20 mmol/L NaN3, and has pH 7.9.

Reagent solution: By optimizing the conditions, a reagent solution with
the following composition was made: 2 mmol/L ABTS, and 2 500 U/L
POD in 1000 ml of 66.7 mmol/L phosphate buffer, pH 7.9. This solution
is stable for more than 2 mth. Uricase (10 U/mg) was used undiluted.

2.8.2. Procedure for xanthine oxidase assay

Substrate-buffer solution (1.0 ml), 5 uL of uricase, and 50 pL of
serum were mixed well and incubated 10 min at 30°C in a centrifuge
tube. Add 1.0 ml of reagent solution, vortexed and immediately added 1.0
ml of 2 mol/L HCIO,. Vortexed again and centrifuge for 5 min at 3 000
mm-°. The absorbance of the clear supematant was read at 410 nm
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against a blank (containing 1.0 mL of 66.7 mmol/L phosphate buffer with
20 mmol/L NaNs, 5 pL uricase, 50 uL serum, 1.0 mL reagent solution,
and 1.0 mL HCIQO,) prepared in the same way as the test. The final

reaction product was stabled for 15 min [79].
2.8.3. Calculation
The xanthine oxidase catalytic activity was calculated as:

Activity = Ajonm X 79.9 on the basis of ABTS,, molar extinction

coefficient which is 2550 m%mol .

2.9. Determination of lron

In the present study serum iron was determined using a
Microparticle Enzyme Immunoassay (MEIA) technology. For this
purpose we used Abbott full automated Axsym immunoassay analyzer
ferritin assay system (Abbott C4000,USA) was used Figure 2-5.

Figure 2-5: Abbott

instrument.

2.10. Determination of Ferritin

In the present study serum ferritin was determined using a

Microparticle Enzyme Immunoassay (MEIA) technology. For this
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purpose we used Abbott full automated Axsym immunoassay analyzer
ferritin assay system (Abbott C4000,USA) was used Figure 2-5.

2.11. Determination of Hb ( Hemoglobin)

In the present study Hb was determined using Auto Hematology

Analyzer ( model : BC_ 10 Germany ).

2.12. Xanthine Oxidase Inhibition Activity

2.12.1.Reagents

Phosphate buffer solution (pH 7.8, 0.1 M) was prepared by
dissolving 13.61 g of monopotassium phosphate (KH,PO, MW, 136.09
g/mol) and 3.62 g of sodium hydroxide (NaOH MW, 40.00 g/mol) in 800
ml of distilled water. The pH of the solution was adjusted using HCI or
NaOH. The final volume was increased to 1 L with distilled water.
Xanthine solution (10 mmol/l) was prepared by dissolving 0.1521 g of
xanthine in 70 ml of sodium hydroxide (25 mmol/l) and 30 ml of KH,PO,
(66.7 mmol/l). Sodium azide (25 mg) was added. The final pH was
adjusted to 7.8. Phosphate buffer solution was used to prepare standard
hydrogen peroxide (2 mM) (pH 7.8, 100 mM). At 240 nm, a molar

extinction value of 436 M~ ' cm !

was used to adjust the final
concentration. Copper(ll) chloride (100 mM) was prepared with 0.4262 g
of CuCl,-2H,0 dissolved in 250 ml of distilled water. Ammonium acetate
buffer (NH Ac) (pH 7.0, 1.816 M) was prepared with 35 g of NH,Ac
dissolved in 250 ml of distilled water. Neocuproine (2,9-dimethyl-1,10-
phenanthroline) (Nc) (7.5 mM) was prepared with 0.039 g of Nc
dissolved in 25 ml of 96% ethanol. Fresh working reagent (CUPRAC

reagent) was prepared by mixing volumes of the prepared reagents
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Cu(I1):Nc:NHAc at a ratio of 1:1:2 (v/v/v). XO solution was prepared by
diluting 3 U.mg™ solid of original XO suspension with PBS (pH 7.8, 100
mM) to a final concentration of 0.04 U mL™. The perchloric acid solution
3.2% (w/v) was prepared with 3.2 ml of perchloric acid dissolved in a

suitable volume of distilled water in a 100-ml volumetric flask.

2.12.2. Procedure
2.12.2.1.Standard method for assessment of XOlI

The XO activity was measured spectrophotometrically at 293 nm by
detecting the production of uric acid. Potassium phosphate buffer (100
mM, pH 7.8), 75 mM xanthine, and 0.04 units of XO were used in the
enzymatic reaction. The decrease in uric acid production at 293 nm was
used to test the inhibition of XO activity with different inhibitors. The
enzyme was preincubated for 5 min with the test chemical, which was
dissolved in an appropriate buffer, before the reaction was started using
xanthine. The herbal extract inhibition ratio was calculated using Eqg. (1).
Inhibition ratio (%) = 100*[Aq-A)/ A¢] --- (1)

where A, and A are the absorbances of the system in the absence and

presence of the inhibitor, respectively.

2.12.2.2. CUPRAC method for assessment of XOlI

A mixture of 0.5 mL of 0.5 mM xanthine, 0.2 mL of antioxidant
sample solution, 1.8 mL of 1:9 EtOH-PBS (pH 7.8) (v/v), and 0.2 mL of
0.04 U mg™ XO was added to a test tube in this order. The mixture was
incubated in a water bath at 37 °C for 30 min in a total volume of 2.7 mL.
After 30 min, the reaction was terminated by vortexing for one minute

with 0.1 mL of 3.2% perchloric acid solution.

Fresh CUPRAC reagent was added to 0.2 mL of the incubation solution
in the following order: (V total = 1.0 mL) 0.2 mL Cu(ll) + 0.2 mL Nc +
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0.4 mL NH4Ac buffer + 0.2 mL incubation solution. The absorbance was
measured after 30 min against a reagent blank, with and without an

inhibitor. The average of three experiments was used for calculation.
The inhibition ratio (%) of the herbal extract was calculated using Eq. (2).
Inhibition ratio (%) = 100*[Aq-A)/ A¢] --- (2)

where A, and A are the CUPRAC absorbances of the enzymatic solution

in the absence and presence of the inhibitor, respectively.

2.12.2.3. Modified CUPRAC method for assessment of XOlI

The modified XOI-CUPRAC method is presented in Table (2-
3).
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Table ( 2-3): Details of modified XOI-CUPRAC method

Reagent Test (tzo) | Test Control | Blank
(to)

Xanthine 05mL |05mL |[05mL |0.5mL

Antioxidant sample 0.2mL 0.2mL |- |-

1:9 EtOH-PBS mixture (pH | 1.8mL 18mL [20mL |22mL
7.8) (VIv)

3.2% perchloricacid | --—--—-- 01mL | —meeem | aeee-
solution
XO solution 02mL |02mL [02mL |------

The test tubes were incubated at 37 "C for 30 min.

Perchloric acid solution 01lmL |------ 0.1mL |0.1mL

Following incubation, fresh CUPRAC reagent was added to 0.2 mL of
incubation XOI solution as follows: (V total = 1.0 mL) 0.2 mL Cu(ll) +
0.2 mL Nc + 0.4 mL NH,Ac buffer + 0.2 mL incubation XOI solution.
The absorbance was measured at 450 nm after 30 min against a reagent
blank. The average of three experiments was used for calculation.

The inhibition ratio of the herbal extract (%) was calculated using Eqg. (3):
A corrected — At30 - At0 T (3)
Inhibition ratio (%) = 100*[Aq-Acorrectea)! Ao] --- (4)

where A, is the absorbance of the control tube; Aty and Ats, are the

absorbances of the test tube at t = 0 and t = 30 min, respectively.
2.12.2.4. Validation and reproducibility

The proposed method was evaluated using the UV method, as

previously reported [75]. Three duplicates of five samples were examined
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to determine intra- and inter-day precision and accuracy. The data was

analyzed using GraphPad Prism v.8 software (San Diego, CA, USA).

2.13. Determination of total Glutathione concentration
(GSH)

2.13.1. Principle

5,5. Dithiobis (2-nitrob enzoic acid)(DTNB) is adi chromogen that
Is readily reduce by sulfhydry groupof GSH to produce an intensely
yellow Compound. Reduce chromogen has maxmum absorbance at 412
nm and is directly proportional to GSH concentration [123] Figure 2-6

show the reaction between GSH and DTNB( Elman’s reagent ).

NADP* NADPH

" Glutathione reductase

o R NH
Ho _~. JL__N_ L _oH
T N T 0 I
o s o o
S GSSG
o o o
Ll H I
HO I ) u T OH
NH, o}
GSH .
NO, =
[ v NO, NO,
HOOC. . _S } ”, =00 + =
- (= S COOH - I
(| HS COOH HS~ > “COOH
O,N
DTNB 2 x TNB

Figure 2-6: Reaction between GSH and DTNB( Elman’s reagent )[123].
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2.13.2. Preparation of Reagent
1- The precipitating solution. Trichloroacetic acid (TCA) 50%
50gm of TCA dissolved in a final volume of 100 ml of DDW.

2-Ethylene di amine tetra acetic acid- di sodium (EDTA-
Na,)(0.4M) 148.9gm of EDTA are dissolved in a final volume of 1
litter of DDW.

3-Tris-EDTA buffer (0.4) (pH = 8.9)

48.458 gm of tris is dissolved in 800 ml of DDW. 100 ml of
(0.4M) EDTA solution are added and bring to a final volume of 1
liter with DDW. The pH adjusted to 8.9 by the addition of 1M of
HCI.

4- DTNB reagent (0.01M)

0.099 gm of DTNB is dissolved in absolute methanol. And bring to
a final volume of 25 ml (this reagent stable for at least 13 week at 4
°C).

5- GSH standard

Stock standard solution (0.001M) prepared by dissolving 0.0307
gm of a GSH in a final volume of 100 ml of (0.4M) EDTA
solution. Dilution is made in EDTA solution to 2,5,10,20,30 and
40uM (this working standard solution should be prepared daily).
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2.13.3. Procedure
Sample GSH was determined by using a modified procedure
utilizing Ellman’s reagent (DTNB), which is summarized as
follows.
Duplicates of each standard and sample test tubes are prepared

then pipette into test tubes.

Reagents Sample Reagent black pL Standard pL
puL
Sample 100 | 0 e—— |
Standard | = ----- — 100
DDW 800 900 800
TCA 100 100 100

Tubes are mixed in vortex mixture. Intermittently for 10-15

minutes, and Centrifuge for 15 minutes at 300 xg, then pipette into

test tubes.
Reagents Sample Reagent Standard pL
pL blank pL
Supernatant 400 400 400
Tris EDTA buffer 800 800 800
DTNB reagent 20 20 20

Tubes are mixed in vortex mixture. The spectrophotometer
adjusted with reagent blank to read zero absorbance at 412 nm, and
the absorbance of standards and sample is read within five minutes
of the addition of DTNB.
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2.13.4. Calculation of Serum GSH
The concentration of GSH is obtained from the calibration

curve in uM Figure 2-7 .
0.035
y = 0.0003x - 0.0002
0.03 R? = 0.9996
0.025

0.02
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0.01
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Figure 2-7 : Standard curve of glutathione concentration.

2.14. A simple chemical sensor for quantifying xanthine
oxidase inhibition activity

2.14.1. Reagents
The 250 mM acetic acid-sodium acetate (HA/SA) buffer (pH. 2.6)

comprised 2.8 mL of acetic acid and 0.26 g of sodium acetate dissolved
in 100 mL distilled water. The 50 mM phosphate-buffered saline solution
(PBS; pH 7.8) comprised 0.68 g of monopotassium phosphate (KH,PO,)
and 0.18 g of sodium hydroxide (NaOH) dissolved in 100 mL of distilled
water. The pH of all buffer solutions was adjusted using NaOH and HCI.
The 10 mM xanthine solution (pH 7.8) comprised 0.1521 g of xanthine
and 25 mg of sodium azide dissolved in 30 mL of 66.7 mM KH,PO, and
70 mL of 25 mM sodium hydroxide. A 50 mM PBS (pH 7.8) solution
was used to prepare a standard 2 mM H,0, solution; a molar extinction

value of 43.6 M cm™ was used to adjust the final concentration at 240
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nm. The 10 mM copper(ll) chloride solution comprised 0.147 g of cupric
chloride dihydrate dissolved in 100 mL of distilled water. The fresh 6
mM TMB stock solution comprised 144.2 mg of TMB dissolved in a
50:50 (v/v) mixture of water and ethanol (EtOH). The 2 M sulfuric acid
solution was prepared in a 100 mL volumetric flask by carefully and
slowly adding 10.87 mL of sulfuric acid to 89.13 mL of distilled water.
XO solution was composed of 3 U.mg ™" of original XO suspension that
dissolved in PBS (pH 7.8, 50 mM) to a final activity of 0.06 U. mL™.
Perchloric acid solution 3.2% (w/v) was composed of 3.2 ml of perchloric
acid and 96.8 ml of distilled water in a 100-ml volumetric flask. ABST
reagent solution was prepared by mixing 2500 U/l peroxidase and 2
mmol/l ABTS in 1L of PBS (pH 7.8). Undiluted uricase (10 U/mg) was
utilized directly.
2.14.2. Procedure
2.14.2.1. Standard methods for quantifying XOI activity
2.14.2.1.1. UV method

Uric acid generation was monitored spectrophotometrically at 293
nm to measure XO activity. The enzymatic reaction used 75 mM xanthine
dissolved in PBS (pH 7.8) and 0.04 U of XO enzyme. The reduction in
uric acid synthesis was used to measure the inhibition of XO activity by
particular XOls. Before initiating the reaction with xanthine, the enzyme
was preincubated for 5 min with the PBS solution. The herbal extract
inhibition ratio was calculated using Eq. (1).
2.14.2.1.2. ABTS method

First, 1.0 mL substrate-buffer solution, 25 uL of herbal extract
sample solution, 25 puL of XO enzyme, and 5 pL of uricase were
combined in a centrifuge tube and incubated for 10 minutes at 30°C.
Next, 1 mL of ABTS solution was added, followed by 1 mL of 2 mol/L
perchloric acid, and vortexed. Then, the solution was centrifuged at 3000
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rpm for 5 minutes. Finally, the absorbance of the supernatant was
measured at 410 nm. The herbal extract inhibition ratio was calculated
using Eq. (1).
2.14.2.1.3. TMB methods for quantifying XOI activity
2.14.2.1.3.1.Cuvette spectrophotometric protocol

First, 0.5 mL of 75 mM xanthine, 0.2 mL of antioxidant sample
solution, 1.8 mL of 1:9 EtOH-PBS (pH 7.8; v/v), and 0.2 mL of XO
enzyme solution were added to a test tube in that order. Next, the mixture
was incubated at 37°C for 30 minutes. Then, 1 mL of 250mM HA/SA
buffer (pH. 2.6), 250 pL of Cu*?, and 500 pL of TMB were added, in that
order. The resulting solution was vortexed and incubated for 7 minutes at
60°C before being allowed to cool to room temperature. Finally, 500 pL

of sulfuric acid was added.

2.14.2.1.3.2. Microplate protocol
A mixture containing 20 uL of 75 mM xanthine, 20 pL of antioxidant
sample solution, 65 pL of 1:9 EtOH-PBS (pH 7.8; v/v), and 20 uL of XO
enzyme solution was added to each well of a 96 well plate in that order.
Next, the plate was incubated at 37 °C for 30 minutes in a water bath.
Then, 40 pL of 250 mM HA/SA buffer (pH. 2,6), 20 pL of Cu*?, and 40
puL of TMB were added, in that order. The plate was mixed and incubated
at 60°C for 7 minutes before being allowed to cool to room temperature.
Finally, 25 pL of sulfuric acid was added to each well, followed by
thorough mixing.
2.14.3. Calculation

Eq. (1) was used to calculate the XO inhibition percentage ratio of
the herbal extract (%):

XO inhibition ratio (%) = 100 x [(Ac—A) / A], (1)
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where Ag and A are the reaction system absorbances without and with the
inhibitor.
2.14.4. Optimization of TMB-XO assay

The optimization process used a second-order model to investigate
the significance of the variables and their interactions to identify the
optimal analysis response. The Response Surface Methodology (RSM)
was subject to the Box-Behnken Design (BBD) to enhance the TMB-XO
assay. The Chemoface software (v.1.5) [124] was used to predict the
statistical parameters to design the TMB-XO assay experiments and
enhance the system’s performance. A 50 U L™ XO solution was used to
perform enzymatic reactions, manually prepared by mixing an
appropriate amount of standard XO powder with 100 mL of PBS (pH
7.8). The resulting XO activity was adjusted to 50 U L™ using the UV-
based method [112]. The XO activity measured by the presented
chemical sensor was the dependent variable, and the concentrations of
TMB, Cu*, and incubation time were the independent variables Table
(2-4).

The constant rate equation was used to determine enzyme activity for a
first-order reaction (k). A second-order polynomial equation (Eg. [2]) was
used for mathematical modeling of the relationship between the

dependent and independent variables.
Y = Bo +XBiXi+ TBiXi® +BiXiXte, )

where Y represents XO activity (the response variable), XiX; represents
independent variables (TMB concentration, Cu** concentration, and
incubation time), and o, Bi, Pi, and PBjj are the coefficients of intercept,

linear, quadratic, and interaction, respectively. € represents random error.
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Table (2-4): The BBD was used to optimize the XO activity assay. The independent
factors were TMB concentration, Cu®* concentration, and incubation time, while the
dependent variable was the resulting XO activity.

Run TMB cu® Incubation X0
concentration | concentration | time (min) | activity
(mM) (mM) (U/L)
1 4 5 15 38
2 4 5 45 46
3 4 15 15 47
4 4 15 45 47
5 8 5 15 42
6 8 5 45 46
7 8 15 15 48
8 8 15 45 50
9 2.64 10 30 40
10 9.36 10 30 50
11 6 1.59 30 41
12 6 18.41 30 51
13 6 10 4.77 44
14 6 10 55.23 50
15 6 10 30 50
16 6 10 30 49
17 6 10 30 50

2.14.5. Signal stability

Diimine (dicatione) is the final product of the TMB-XO assay. We
used 0.5 mM diimine to assess the stability of the colored end product by
measuring its absorbance at 450 nm after 15 min, 30 min, 1 h, 2 h, 3 h, 4
h, 5 h, 1 day, and 2 days at 20°C.

2.14.6. Linearity and sensitivity

The presented method’s sensitivity and linearity were evaluated
using different XO activities (from 0.1 to 60 U L™). The linearity of this
method was compared to the ABTS assay [79] using a web-based

application for analytical protocol comparison and bias assessment [125].
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The TMB-XO assay’s sensitivity was calculated using limits of
quantitation (LOQ) and detection (LOD) [126].

2.14.7. Selectivity, reproducibility, and accuracy

Four flasks containing PBS (pH 7.8) were used to prepare various
interfering biomolecules to assess the accuracy of the TMB-XO assay.
The first contained PBS (pH 7.8). The second contained 1 mM ribose,
sucrose, and glucose. The third contained 1 mM lysine, glutamic acid,

proline, and methionine. The fourth contained 3% bovine serum albumin.

The proposed method’s intra- and inter-day repeatability were
evaluated using various biological samples, and the findings are presented
as relative standard deviations. A home blender was used to prepare five
polyphenol-rich plant extracts. Fifty grams of fresh leaves were combined
with 950 mL of PBS (pH 7.8), with the final volume adjusted to 1 L. A
spectrophotometric method was used to calculate the total polyphenol
content [127]. Each extract was prepared in various concentrations based
on its polyphenol content. A suitable series of quercetin and catechin

concentrations were used as standards.
2.14.8. Validation

The TMB-XO assay was compared against the UV method [112]
using a Bland—Altman analysis and Passing—Bablok regression [128].
Statistical analyses were performed with the Qi Macros plug-in (Know
Ware International, Denver, CO, USA) for Microsoft Excel 2020.
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3.1. General and clinical characteristics

Table (3-1) The general and clinical features of the research
groups. Red blood cell transfusions lower erythropoietic incentive and
increase iron overload, resulting in a large hepcidin flat that restricts
dietary iron absorption and macrophage iron freedom. Iron accumulation
in Kupffer cells might result as a result of this [129]. Although the
symptoms of iron overload take longer to show, they may be equally as
severe as those observed in people with thalassemia major who rely on

blood transfusions.

Table( 3-1): The research groups' general and clinical characteristics.

Character Patients Controls p-value
Age 95+22 9.2+1.29 0.91
Ferritin (ng/ml) | 3337.0£1475 44.5225.15 <0.001
Hb (g /dL) 7.1+1.0 11.5+0.75 <0.01

The kind of beta-thalassemia determines the quantity of
hemoglobin in the blood. HbA is lacking in betaO-thalassemia, a
condition marked by a lack of beta globin chain production. HbF
concentrations vary from 95 to 98 percent, whereas HbA2 concentrations
range from 2 to 5%. The Hb form reveals HbA between 10% and 30%,
HbF between 70 and 90%, and HbA2 between 2 and 5% in beta-
thalassemia homozygotes with residual variable beta globin production or
betaO/beta_ compound heterozygotes [130].

3.2. Xanthine Oxidase Activity

The activity of XO in the sera of individuals with B- thalassemia
major was compared to that of healthy controls. The findings of this
investigation revealed that XO levels are substantially higher in the

experimental group than in the control group. XO is an enzyme that has
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been found in a variety of mammalian tissues [131]. XO has been found
in the liver, lungs, heart, colon, and capillary endothelial cells, according
to studies [132]. When compared to bigger channels, endothelial cells in
micro vascular systems are the most prolific source of the enzyme[133].
Because the enzymatic activity that transfers electrons from hypoxanthine
to uric acid is connected with a decrease of O, to O,", XO is thought to
have a role in the pathophysiology of oxidant-induced microvascular

changes and tissue damage [134].

Several studies have looked at thalassemia patients' oxidant and
antioxidant levels [135]. However, most research have only looked at the
stark and midway forms of thalassemia, and there are limited documents
on the heterozygote profile [136]. Furthermore, the oxidative station of
various P-thalassemia mutations has not been assessed, despite the fact
that such an evaluation is critical because to the considerable genotypic
and phenotypic variability of changed people [137]. Auto oxidation in -
thalassemia refers to the generation of superoxide radicals (O,") and

hydrogen peroxide (H,0,), which causes oxidative stress [138].

Oxidative stress is caused by a malfunction of the enzyme
complicated in the synthesis of ROS, as well as a simple inequality
between the creation and sifting of ROS. NAD(p)H oxidase failure, XO
activation, and mitochondrial dysfunction are all underlying indications
of oxidative stress, hence XO is an important therapeutic target [139].
The activity of xanthine oxidase in the research individuals is shown in
Table (3-2).
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Table (3-2): Xanthine oxidase activity (U/L) in sera of patients with beta-
thalassemia major and healthy control subjects.

GrOUp n. Mean Std. Deviation Std. Error Sign.
Control 150 3.88 0.88 0.07
Patients 150 4.71 1.38 0.11 0.005*

*: in comparison to group | (Healthy donors).

3.3. Total Oxidant and Total Antioxidant Levels

The total oxidant in the serum of individuals with B- thalassemia
major was compared to that of healthy controls. The findings of this
investigation revealed that total oxidant levels are considerably higher in

the experimental group than in the control group.

The abundant enzyme superoxide dismutase transforms superoxide
anion to H,O, during metabolism. The enzymes catalase and peroxidase
ordinarily convert H,O, to harmless molecules. If there is free iron, it
combines with H,O, to create hydroxyl radicals, which are extremely
reactive species that cause polymer depolymerization, DNA strand
breaking, functional protein inactivation, and other problems [140].
Table (3-3A) shows the total oxidant levels of the research subjects.

Table (3-3 A): Total oxidant (umol/L) in sera of patients with beta-thalassemia
major and healthy control subjects.

Group

Mean Std. Deviation Std. Error Sign.
Control 150 4.56 1.98 0.16
Patients 150 5.98 2.26 0.18 0.023*
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*:in comparison to group | (Healthy donors).

When compared to controls, patients had significantly reduced
levels of Total Antioxidant Capacity TAC (p<0.01). In beta thalassemia
major patients, iron overload and increased ROS generation may be
linked to increased hemolysis. Antioxidants serve a crucial part in the
body's defensive system, which protects it from free radicals while also
stimulating their breakdown. TAC levels may be lower as a result of its
use to counteract the effects of ROS and iron overload. As a result, the
current research reveals changes in iron metabolism, as well as increased
formation of oxygen free radicals and consequent antioxidant use[140].
Table(3 -3B) demonstrate In individuals with beta thalassemia major, the
total antioxidant in their sera was compared to a healthy control group.

Table (3-3 B): Total antioxidant levels (umol/L) in sera of patients with beta-
thalassemia major and healthy control subjects.

Group n. Mean Std. Deviation Std. Error Sign.
Control 150 949.77 103.09 8.42
Patients 150 700.32 100.25 8.19 0.01*

*. in comparison to group | (Healthy donors).

3.4. Vitamin E concentrations

In this investigation, there is a very significant reduction of serum
vitamin E (p<0.011). Vitamin E is important for protecting cells from
oxidative damage. Vitamin E's antioxidant activity is linked to its
capacity to donate hydrogen to a highly reactive lipid peroxide

intermediate, preventing hydrogen extraction from Poly Unsaturated
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Fatty Acid PUFA. This helps to keep the self-perpetuating lipid

peroxidation chain reaction at bay [141].

According to our findings, oxidative stress may be a substantial
contributor to hemolysis in beta thalassemia major. Antioxidant therapy
using specific antioxidants like vitamin E might be a viable strategy to
combat oxidative stress[142]. Table (3-4) compares Vitamin E levels in
the sera of B-thalassemia major patients to healthy controls.

Table(3-4): Vitamin E (mg/L) in sera of patients with beta- thalassemia major
and healthy control subjects.

Group n. Mean Std. Deviation Std. Error Sign.
Control 150 10.73 5.58 0.46
Patients 150 8.98 6.27 0.51 0.011*

*:in comparison to group | (Healthy donors).

3.5. Glutathione (GSH) concentrations

Glutathione depletion in patients with p-thalassemia major
compared to healthy persons. The most common thiol-containing peptide
found in the liver, spleen, kidneys, erythrocytes, and eye lens is reduced
glutathione (y-L-glutamyl-L-cysteinylglycine, GSH). Because of its high
abundance in cells and great electron-donation potential through the
sulfhydryl groups of cysteine residues, it is the principal molecule for
cellular redox maintenance [143]. GSH gives reducing equivalents to
free-radical scavenging enzymes such as glutathione peroxidase (GPx)
and glutathione-S-transferase (GST) in response to oxidative stress, and
transforms to its oxidized state (GSSG). This GSSG might be converted

to GSH via a glutathione reductase (GR)-catalyzed mechanism. As a
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consequence, a lower ratio of reduced to oxidized glutathione
(GSH/GSSG) in cells might indicate more oxidative stress[144,145].
Table (3-5) compares glutathione levels in beta thalassemia major

patients to healthy controls.

Table (3-5): Glutathione (pmol/L) in sera of patients with beta-thalassemia
major and healthy control subjects.

Group n. Mean Std. Deviation Std. Error Sign.
Control 150 23.18 5.08 0.46
Patients 150 18.74 4.75 0.19 0.01*

*: in comparison to group | (Healthy donors).

3.6. Malondialdehyde concentrations

B- thalassemia major patients had higher levels of oxidized lipids
than healthy persons. Malondialdehyde (MDA), a lipid peroxidation
product, is produced in additional in thalassemia, indicating that
thalassemic erythrocytes contain substantial levels of membrane bound
iron. MDA is a bifunctional reagent that has been shown to crosslink a
variety of cell components, including membrane components. [146] The
stiffness of thalassemic erythrocytes deformability is a primary predictor
of anemia in thalassemia, which might explain why a cross-linked
erythrocyte membrane is predicted to be inflexible. [147-148], resulting
in a decrease in RBC deformability and an increase in RBC membrane
rigidity [149-150]. The reticuloendothelial system (RES) relies heavily on
lipid peroxidation to remove RBCs. It has been found to change the
asymmetry of membrane phospholipids, which is a key factor in
macrophage identification of RBCs [150-151]. Furthermore, RBCs with
aberrant lipid distribution in vitro were phagocytosed four times faster
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than control RBCs [152]. In Table(3-6), malondialdehyde levels in sera

of beta thalassemia major patients were compared to healthy controls.

Table (3-6): Malondialdehyde (umol/L) in sera of patients with beta-thalassemia

major and healthy control subjects.

Group n. Mean Std. Deviation Std. Error Sign.
Control 150 2.89 0.92 0.08
Patients 150 3.96 1.05 0.09 0.01*

*:in comparison to group | (Healthy donors).
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Figure 3-1 : Fluorescence of MDA

3.7. Modified CUPRAC method for assessment of XOlI

This study presents a simple protocol for evaluating XOI activity
using the CUPRAC method. The protocol depends on the reduction of
(Cu(Nc),*") to a brightly colored Cu(l)-neocuproine complex (Cu(Nc),")
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by XO products (uric acid and hydrogen peroxide); the resulting solution
was measured by spectrophotometry at 450 nm. XO activity is related to
the incremental absorbance. In Figure 3-2, the proposed assay is based

on XO products used to measure XO activity.

The resulting CUPRAC complex (Cu(Nc),") produces a single peak at
450 nm. The absorbance was proportional to the concentration of uric
acid and hydrogen peroxide formed as a result of XO activity Figure 3-
3. The number of micromoles of uric acid or hydrogen peroxide

generated per unit time represents one unit of XO enzyme.
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Figure 3-2:Scheme Cu(l)-neocuproine chelate (Amax = 450 nm) is formed by the
interaction of Cu(ll)-neocuproine complex with uric acid and hydrogen peroxide.
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+ Refers to compounds that cause an increase in absorbance.

% Refers to compounds that cause a decrease in absorbance.



2.000

1.500

T

1.000

Abs.

0.500

T

0.000

20.00

Figure 3-3: Spectrophotometric characteristics of the resulting Cu(l)-
neocuproine complex (Cu(Nc),") were shown to be associated with XO enzyme
activity. Absorption spectra were obtained by reducing (Cu(Nc),*) to a brightly
colored Cu(l)-neocuproine complex (Cu(Nc).") as a result of the formation of
hydrogen peroxide and uric acid from the XO enzyme reaction. The resulting
complex was measured by spectrophotometer at 450 nm: (a to f) represent (100,
80, 60, 40, 20) pM uric acid and hydrogen peroxide, respectively.

The method is originally described by Ozyirek et al. [153] to
assess XOls. The modified protocol considers two types of interference;
the first is caused by the presence of the catalase enzyme, which breaks
down hydrogen peroxide resulting from XO activity. After studying the
key role of catalase in the resulting CUPRAC color, Ozyiirek et al. [153]
concluded that the presence of catalase disrupted the absorbance signal as
a result of Cu(l)-Nc. With high catalase activity, the CUPRAC peak
produced by the presence of hydrogen peroxide may be totally
suppressed. Ozyiirek et al. [152] reported that the CUPRAC method may
be used to evaluate a possible XOI by assessing the CUPRAC absorbance
of the xanthine-xanthine oxidase (X—XO) conversion products without
hydrogen peroxide degradation. Despite the conclusions reached in the
study, the interference of catalase present in fresh plant samples
remained, and was used to assess XO inhibition activity. The current

method avoided catalase interference by using sodium azide as a selective
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inhibitor, as shown in Figure 3-2. Sodium azide was used effectively to

prevent catalase interference in XO assessment [154].

The second interference is attributed to natural products such as
polyphenols used to examine inhibition of the XO enzyme. Antioxidants
such as polyphenols react with the CUPRAC reagent to produce the same
color that results from reaction with the products of XO enzyme activity

(uric acid and hydrogen peroxide).

Antioxidant interference that occurs with the XOI-CUPRAC
method is easily prevented. Two test tubes are used: one with an
enzymatic reaction time equal to 0 min (ty), and the other with an
enzymatic reaction time equal to 30 min (t3). The use of a correction test
tube (to) is necessary to eliminate interference caused by the presence of
antioxidants in the sample. In the protocol, the test tube absorbance (tsg)
is related to two types of compounds: products of XO enzymatic activity,
hydrogen peroxide and uric acid, and antioxidants used to inhibit XO
activity. The absorbance of the correction test tube (to) in the protocol
was attributable only to antioxidants used to examine XO inhibition
activity. We prevented interference of any substance that would change
the CUPRAC reagent absorbance by subtracting the absorbance of the
correction test tube (tp) from the absorbance of the other test tube (tz).
This suggests that the residual absorbance is due to products of XO

enzymatic activity, hydrogen peroxide and uric acid.

3.7.1 Validation and reproducibility

The modified CUPRAC procedure was validated by comparing the
XO-inhibitory activity of herbal extracts as IC50 values in the X—XO
reaction solution with matched samples using both suggested and

reference methods. Five plant extracts rich in polyphenols were prepared
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using a home blender. Fresh leaves (50 g) were mixed with buffer
phosphate solution (950 ml, pH 7.8), and the final volume was adjusted to
1 L. The total polyphenol concentration was estimated using a
spectrophotometric method. A series of concentrations were prepared for
each extract depending on their polyphenol concentration. All plant
extracts exhibited a positive result for the catalase enzyme; activity was
measured using the aniline-hydroquinone method [79]. The ability of

fresh plant extracts to inhibit XO enzyme was tested.

Table ( 3-7) indicates that the results of the proposed protocol were
strongly associated with the results of the UV protocol [155]. The t-test
analysis results confirmed that the current method is similar to the
reference method. With the same quantities of plant extracts, the XO
activity determined using the CUPRAC protocol was almost equal to that
reported using the UV protocol.

Table (3-7) The XOI activity using the CUPRAC protocol (as 1C50 values in

g.mL™) was compared with the values obtained using the UV method on the
same samples.

Type of extract XOl activity (IC50 pg mL™") for herbal samples
Modified CUPRAC UV method
method

Mean + SD (RSD%) Mean + SD (RSD%)
Trigonella spp. 12.07 £ 0.57 11.25+1.25
Portulaca grandiflora 13.71+1.25 1155+1.4
Myrtus communis 14.35 + 0.95 1555+ 1.35
Passiflora caerulea 14.75+£0.75 158 +1.25
Hibiscus sabdariffa 11.25+0.65 11.77 £1.35
Trigonella spp. 12.55+0.75 13.25+ 1.25

3.7.2 Validation

The Bland-Altman analysis [156] is used to compare the XOI-
CUPRAC method and the UV method. For mathematical studies, the
QiMacros application (Know Ware International, Denver, USA) is used
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with Microsoft Excel 2016. Series dilutions of fresh extract of roselle
leaves (Hibiscus sabdariffa L.) are used to apply the Bland—Altman
analysis. Polyphenol concentration varied from 0.5-20 g gallic acid
equivalent per ml. The Bland—Altman plot shows comparative differences
between the XOI-CUPRAC and UV methods, and indicates the mean
relative bias Figure 3-4. The correlation coefficient between the two
protocols was 0.9935. Thus, the XOI-CUPRAC method is nearly as
accurate as the reference procedure. Passing—Bablok similarity analysis
revealed a strong association between the XOI-CUPRAC method and the

UV protocol Figure 3-5.
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Figure 3-4: The Bland-Altman plot represents the relative differences in the
XOI-CUPRAC method and UV protocol, as well as the mean relative bias.
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Figure 3-5: XOI activities were assessed using the XOI-CUPRAC method and
UV protocol over a series of fresh extract dilutions of roselle leaves (Hibiscus
sabdariffa L.) as an XOlI.

From the results shown in Figure 3-5, the linearity of the XOI-
CUPRAC method was compatible with that of the UV protocol. The
LOQ 1% XOI and LOD 3% XOlI results confirmed the high sensitivity of
the modified XOI-CUPRAC method. The linearity of the XOI-CUPRAC
method was comparable with that of the UV protocol. The XOI-
CUPRAC method has many advantages over the UV protocol.

3. 8. Glutathione peroxidase 4 concentrations

Table (3-8) shows that the GPX4 activity rate for - thalassemia
major patients was significantly lower than the GPX4 activity rate for the
control group. Glutathione peroxidase 4 (GPX4) is one of just a few
enzymes that can decrease lipid peroxidation products in biological
membranes in vivo [157]. Lipoxygenases at certain places cause lipid
peroxidation enzymatically, whereas non-enzymatic processes, generally
Fe®*-driven Fenton chemistry, do it unselectively [158]. Lipoxygenases
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are dioxygenases that catalyze the incorporation of molecular oxygen into
polyunsaturated fatty acids (PUFA), resulting in the formation of
hydroxyperoxides.Low quantities of peroxides (the so-called "peroxide
tone") activate lipoxygenases by oxidizing Fe** to Fe** at the catalytic site
[159]. GPX4 regulates the peroxide tone and the activity of
lipoxygenases. 12/15-Lipoxygenase and GPX4 are antagonistic in terms
of substrate oxidation (lipoxygenases) and reduction (GPX4), as well as

cell death and survival induction.

In murine fibroblasts, 12/15-lipoxygenase causes cell death, but GPX4
protects cells against lipoxygenase-induced cell death [160]. In additional
cases, lipoxygenases and GPX4 collaborate  biochemically:
Lipoxygenases create unsaturated fatty acid peroxidation products (P-O-
O-H), which are highly reactive and prone to uncontrolled lipid
membrane peroxidation. GPX4 reduces these peroxides to stable
hydroxyl-derivatives (P-O-H) [161-162]. As a consequence, 15-
lipoxygenase in humans and 12/15-lipoxygenase in mice, as well as
GPX4, create a pair of enzymes with very similar functions[160-162].
Vitamin E's role in the interaction between lipoxygenases and GPX4

must also be investigated.

Table (3-8): Glutathione peroxidase 4 (ng/mL) in sera of patients with beta-
thalassemia major and healthy control subjects.

Group n. Mean Std. Deviation Std. Error Sign.
Control 150 7.7827 5.16735 42191
Patients 150 5.7375 3.39288 27703 0.01*

*:in comparison to group | (Healthy donors).
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3.9. A simple chemical sensor for quantifying xanthine
oxidase inhibition activity

3.9.1. The TMB method for assessment of XOlI

This paper describes a simple chemical sensor for measuring XOI
activity that uses a TMB-H,0, system catalyzed by Cu®*. The color
intensity and absorbance were correlated with the amount of H,O, formed
by XO activity Figure 3-6. One unit of XO enzyme is defined as the
number of micromoles of H,O, produced per unit of time. As illustrated
in Figure 3-7, the present method used sodium azide to prevent catalase
enzyme interference. Cu** has been shown to catalyze TMB oxidation by
H,O, [163]. TMB oxidation by H,O, forms a charge transfer complex
with a maximum absorbance at 652 nm. As illustrated in Figure 3-7,
sulfuric acid was used to convert the color to a bright yellow end product

with strong absorbance at 450 nm.

1.200 , ;

Abs.

Figure 3-6: The spectrophotometric properties of the resulting diimine
(dicatione) yellow product were correlated with XO activity. The color
absorbance was correlated with the concentration of H,O, produced by XO
activity. The resulting complex was measured spectrophotometrically at 450 nm:
(a-g) represent 60, 50, 40, 35, 30, 25, and 5 U/L of XO enzyme activity,
respectively.
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Figure 3-7:Scheme TMB oxidation by H,O, produces a charge transfer complex
with a maximum absorbance at 652 nm. Its color was converted to a brilliant
yellow final product with strong absorption at 450 nm using sulfuric acid. H,O,
forms as a consequence of XO activity. Sodium azide was used to inhibit the

catalase enzyme and prevent H,O, consumption.

3.9.2. Optimization of the TMB-XO assay

Statistical applications were used for the BBD [164] to optimize
reagent concentrations. According to the TMB-XO assay, the BBD is an
excellent evaluating instrument to adjust the TMB and Cu?
concentrations and incubation time to achieve optimal XO activity. Table
(3-9) illustrates the regression model for the TMB-XO assay derived from
the RSM’s analysis of variance (ANOVA). The resulting F-value (9.92)
indicates that the model was significant. However, the F-value for lack-
of-fitness (11.03) showed that it was not significant. These findings
indicate that the suggested model relationships were significant (p =
0.0032). The coefficient for the practical experiment’s predicted response

(predicted R® = 0.9237) was in reasonable agreement with the adjusted

75



response (adjusted R? = 0.9975). An ANOVA of the TMB-XO assay
showed the actual association between the three independent variables of
the proposed model. The associations were extremely significant and
acceptable for this application. Contour graphs and three-dimensional
(3D) BBD were used to examine the relationship between the three
independent variables. The development of the graphs at their midpoint
depended on the combination of two components when the third
component was constant. The response plot in Figure 3-8 shows the
interactions between the parameters (TMB and Cu®* concentrations and
incubation time; Figure 3-8(a-f). All of the graphs show considerable

curvature.

The highest XO activity of 50 + 2 U.L™" was obtained at optimum
experimental conditions of 10 mmol L™ Cu*?, 6 mmol L™ TMB, and a
30-minute incubation time. The obtained results aligned well with the
expected XO activity, indicating that the RSM investigation was suitable

and matched significantly with laboratory requirements.

Table (3-9): ANOVA results for the TMB-XO assay’s experimental variables.

Sum of Degree of Mean F-value p-value
squares freedom square
Regression 243.6 9 27.0067 9.92 0.0032
Residual 19.057 7 2.7224
Lack-of-fit 397.9751 5 3.6781 11.03 0.0852
Pure error 0.67 2 0.333
Total 262.12 16
R 0.9237
Explainable 0.9975
R2
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Figure 3-8: Graphs of 3D surface plots and contours showing the relationships

between TMB concentration, cu® concentration, and incubation time.

3.9.3. Signal stability
This study’s observations of the colored compound indicated that it
Is remarkably stable at 25°C. Our measurements show that the diimine

(dicatione) absorbance at 450 nm was remarkably constant for one day.

77



However, the absorbance decreased by 5% on the second day and 20% on
the third day.
3.9.4. Sensitivity and linearity

The TMB-XO assay was linear across the range of 0.1-60 U L™ of
XO enzyme activity (Pearson’s r = 0.998; Figure 3-9. The low values
obtained for LOQ (0.1 U L") and LOD (0.24 U L™) indicated the
remarkable sensitivity of the TMB-XO assay. This assay’s linearity was

evaluated compared to the ABTS assay [79].

Linear Regression Fit

8 — Linear RegressionFit (n=10)

— 0.02 + 1.03 * Method1
identity

50

40

XO activity (U/L) that measured
with TMB-XO method
20 30
L |

10

Pearson's r = 0.998

I T T T T T 1
0 10 20 30 40 50 60

XO activity (U/L) that measured with ABTS method

Figure 3-9: The linearity of the investigated protocol was confirmed by drawing
a straight line through the TMB-XO and ABTS assay results for various XO
activity dilutions.

3.9.5. Accuracy, reproducibility, and selectivity of the TMB-XO assay

Table (3-10) indicates the recovery values for each potentially
interfering biochemical combination, showing that the proposed TMB-
XO assay is suitable for measuring XO activity in the presence of
interfering chemicals. In this procedure, 1 mL of 50 U L™ XO was mixed

with 1 mL aliquots of potentially interfering biochemical solutions. The
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total XO activity was adjusted to 25 U L™ using the UV method [112].
Table (3-10) shows the relationship between interfering biomolecules
and relative percentage errors.

Table (3-10): Relationship between relative percentage errors and interfering
biomolecules while measuring XO activity using the TMB-XO assay.

Added XO Found XO Relative
U/l u/l error
(%)
Flask#1 25 25 0.00
Flask#2 25 24.5 -2.0
Flask#3 25 25.3 1.2
Flask#4 25 24.7 -1.2

3.9.6. Validation and reproducibility

The new TMB-XO assay was confirmed to be accurate by
comparing the XOI activity of herbal extracts as half maximal inhibitory
concentration (ICsg) values in the xanthine-XO reaction solution with
matched samples using both suggested and reference methods. The
catalase enzyme was present in all plant extracts, and its activity was
assessed using the pyrogallol red protocol [165]. Fresh plant extracts
were examined for their capacity to inhibit the XO enzyme. Table (3-11)
shows that the proposed protocol’s results aligned well with those of the
UV method [112]. A t-test analysis indicated that the suggested chemical
sensor and the reference method are compatible. The XOI activities
quantified by the TMB-XO assay and the UV method were practically

identical when similar concentrations of plant extracts were used.
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Table (3-11): XOI activity levels with the TMB-XO assay and UV method with
the same materials.

Type of extract XOl activity (IC50 pg mL™") for herbal samples
The TMB-XO method UV method
Mean £ SD (RSD%) Mean £ SD (RSD%)

Acacia iragensis Rech.f. 13.25+£0.5 13.25+1.02

Olea europaea L. 1422 £ 0.7 14.75 £ 0.75
Lolium rigidum 15.25+£0.75 15.8 +1.03
Malva parvifLora 1411+ 0.8 15.2 +0.85
Medicago hispida 12.35+0.55 125+ 0.75
Trifolium resupinatum 13.05+£0.6 13.8+0.5
Catechin * 2.15+£0.15 2.18 +0.19
Quercetin * 25+0.15 2.65+0.17

~* |Cs values are presented in pg.mL™.

3.9.7. Method comparison

The TMB-XO assay and the UV method were compared using the
Bland-Altman approach [128] performed using series dilutions of fresh
extract of roselle (Mentha pulegium L.) leaves. Polyphenol concentrations
ranged between 0.5 and 20 ug gallic acid equivalent per mL. The Bland-
Altman graph illustrates the mean relative bias and the relative
differences between the TMB-XO and UV methods Figure 3-10. The
correlation between the two methods was 99.35%. This finding suggests
that the TMB-XO assay is almost as accurate as the reference standard.
The Passing-Bablok similarity analysis also indicated a strong
relationship between the TMB-XO assay and the UV method Figure 3-
11.
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Figure 3-10: A Bland-Altman plot showing the mean relative bias and relative
differences of XOI (%) determined with the TMB-XO assay and UV method.
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Figure 3-11: The TMB-XO assay and UV method were used to evaluate the XOlI
activity of roselle leaves (Hibiscus sabdariffa L.) over a series of fresh extract
dilutions.

The new TMB-XO method has multiple advantages that
distinguish it from earlier methods. The current sensor can be used for
measurements in spectrophotometric cuvettes or 96 microplates. TMB is

used as an effective sensor to quantify XO enzymatic activity. TMB
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showed the greatest sensitivity [166-167], with more brilliant colored
products and higher oxidation product stability than existing benzidine
substrates used in peroxidase-based assays, reflecting its reputation as the
preferred chemical probe in spectrophotometric protocols. Furthermore,
TMB and its oxidation products are typically more stable than others,
allowing their use in quantitative and semiquantitative (naked eye)
spectrophotometric experiments. Therefore, the selected TMB substrate
correlates with its molecular characteristics, analytical performance, and

low toxicity [167].
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Conclusions

It is concluded that : -

1-

This study highlights a simple method for evaluating XOI activity
using only a few steps. This procedure may be used to evaluate XOI
activity in different types of biological samples with high

concentrations of interfering chemicals.

Beta —Thalassemia major complications are associated with increment
reactive oxygen species concentration and decrement total antioxidant

levels.

The complications of B- thalassemia major are associated with an
increase in lipid peroxide concentration in patients compared to
healthy controls.

The xanthine oxidase activity level is studied, and the results of the
study indicated to significant increase (p < 0.05) in xanthine oxidase
activity concentration in all group of study patients with f3-
thalassemia major and comparable to healthy control persons [3.8811
U\ L] in patients with - thalassemia major increased significantly to
be [4.7115 U\ L]. This would be an important link between pB-

thalassemia major and vascular disease and other diseases.

This study proposed a simple chemical sensor for monitoring XO
activity in a few simple steps. This method can assess XOI activity in
various biological samples containing high concentrations of

interfering substances.
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Recommendations
The study recommends the following: -

1- Studies related to the enzyme xanthine oxidase in general are large and
because it is one of the most important enzymes that produce free
radicals, we recommend intensifying the study to know the

important roles of this enzyme more broadly.

2- In the current study, the focus was on the relationship of the enzyme
xanthine oxidase with patients with beta- thalassemia, so it is
Important to focus on studying the effect of other sources of free
radicals on the work of the enzyme.

3- We recommend that beta- thalassemia patients take vitamin E as well
as eat more vegetables and fruits that are antioxidants to balance or
get rid of reactive oxygen species.

4- Stay away from external sources that cause an increase in reactive

oxygen species such as pollution, smoking, radiation and others.
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