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Introduction

Sugar is term of all mono and disaccharides that are composed ofeither six- or five-ring sugar
molecules. This is a subclassof carbohydrates that differentiates ‘sugar’ from small chains of
carbohydrates (oligosaccharides) and complexcarbohydrate made up of long chains of sugar
molecules (Thornley et al., 2012).“Table sugar” is essentially pure sucrose, whereas fruit juice,
honey and syrups contain mixtures of sucrose, glucose and fructose, and often oligosaccharides

of different size. These compounds are invariably combined as “sugars” (Polly et al., 2020).

Sugar is considered as one of the most elemental nutrients for humans (Jana et al., 2015).That
why there is debate concerning the relationship between dietary sugar intake and other health
outcomes such as obesity, type 2 diabetes and cardiovascular disease (Janette et
al.,2021).Thereis arise in cardiovascular disease incidencedue to increased consumption of sugar
(Thornley et al., 2012).

There no firm conclusion that dietary sugars are directly related to diet-related diseases other
than as a source of dietary energy particularly implicated as a contributor towards positive

energy balance (Janette et al .,2021).

Furthermore complications of atherosclerosis are the most common causes of death in Western
societies. It is alreadyconsidered as a chronic inflammation resulting from interaction between
modified lipoproteins, monocyte-derived macrophages T cells, and the normal cellular elements
of the arterial wall. This inflammatory process can ultimately lead to the development of

complex lesions, or plaques, that protrude into the arterial lumen (Christopher, 2001).

Hot water helps melting the fat deposits, purifies the toxin and destroys harmful bacteria in our
body. It is the most important catalyst in losing weight and can also help the gastrointestinal tract
to function even better. Reduce obesity, and stroke, gastroenterisis, heart disease and cured high
blood cholesterol (Alhajri, 2010).

In the present research we aimed to:
« Evaluate the effect of hot water on the weight and diet of rats.

* Evalute the effect of hot water on high consumption of crystallizes sugar by measuring the
levels of T-Ch, HDL-c, LDL-c, TG and liver enzymes.

« Evalute the effect of hot water on the inflammation by measuring C-reactive protein induced by
high consumption of crystallize sugar

Y



» Analyse the relationship between high consumption of crystallize sugar and cardiovascular

disease.
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Chapter 1

Inflammation




. Inflammation
1. Definition

The Word inflammation comes from the Latin "inflammo"”, meaning "l set alight, | ignite»
(Christian, 2015), it is derived from the Latin "inflammare™ meaning « to burn ». Inflammation
is a vital process in response to injury or infection that is followed by a sequence of events to
respond to the wound healing or infection (Nahrendorfet al., 2007).
At the biological level, inflammation is suspected mainly by an increase in the reactive protein C
or CRP and the increase in the amount of white blood cells reflects the implementation of
mechanisms to fight it (Hordece, 2014).
Inflammation is an essential immune response that enables survival during infection or injury
and maintains tissue homeostasis under a variety of noxious conditions. Inflammation comes at
the cost of a transient decline in tissue function, which can in turn contribute to the pathogenesis
of diseases of altered homeostasis (Medzhitov, 2010).
2. Types of inflammation

A. Acute inflammation
Acute inflammation is an immediate, adaptive response with limited specificity caused by
several noxious stimuli, such as infection and tissue damage (Medzhitov, 2008). It is starts after
a specific injury that will cause soluble mediators like cytokines, acute phase proteins, and
chemokines to promote the migration of neutrophils and macrophages to the area of
inflammation (Germolec et al., 2018).
Acute inflammation evolves into prolonged subacute and chronic inflammation when the initial
pathogenic agent persists in the tissues, or when acute inflammation recurs repeatedly in the
same organ, leading to less and less repaired tissue destruction at each episode(Figurel)
(Zerbato, 2010).

B. Chronic inflammation
Chronic inflammation is also referred to as slow, long-term inflammation lasting for prolonged
periods of several months to years. Generally, the extent and effects of chronic inflammation
vary with the cause of the injury and the ability of the body to repair and overcome the damage
(Pahwaet al., 2021).

:
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Figure 1: The stages of acute inflammation; vessel vasodilatation, exudate formation and neutrophil
migration (1).




3. Causes
The causes or inducers of inflammation can classify into two main groups: exogenous and

endogenous inducers (Medzhitov, 2008).

A. Exogenous inducers
This grouping can further subdivide into two classes; microbial and non-microbial exogenous

inducers.

i.Microbial inducers
There are two classes of microbial inducers. The first class is pathogen-associated molecular
patterns (PAMPs), which are carried by all microorganisms. The second class is virulence factors
restricted to pathogens. Virulence factors trigger the inflammatory response due to the effects of
their activity. Examples includeenzymatic activity produced by helminths and exotoxins

produced by bacteria, which will be sensed by known or unknown sensors (Medzhitov, 2008).

ii. Non-microbial
Causes include allergens, toxic compounds, irritants, and foreign bodies that are too large to be
digested or cause phagosomal damage in macrophages. Exemples of foreign bodies include

silica and asbestos.

B. Endogenous inducers

These are signals released by tissues that are either dead, damaged, malfunctioned, or stressed.
The inflammatory inducers are divided to infections and non-infections factors.

i. Infections factors

This category includes bacteria, viruses, and other microorganisms.

ii. Non-infections factors
This group can be due to physical injuries such as frostbite, burn, physical injury, foreign bodies,
trauma, ionizing radiation, chemical compounds such as glucose, fatty acids, toxins, alcohol, and
chemical irritants such as nickel and other trace elements. Apart from that, there are also
biological inducers, including signals released by damaged cells and physiological due to
excitement (Chen et al., 2018).

4. Symptoms

The reaction of inflammation is typically manifested by 4 clinical signs:

> Redness.
> Pain.

-



» Swelling.
» Increased heat (Figure2) (Hordece, 2014).

Il. C-reactive protein

1. Definition
C-reactive protein (CRP) is an acute-phase serum protein and a member of the pentraxin protein
family and is a phylogenetically highly conserved (Terry, 2004). It’s have a host defense
functions predate the adaptive immune system by millions of years. Our current understanding of
CRP interactions with complement and with Fcy receptors (FcyR) have led to an increased
appreciation of the regulatory role of CRP in inflammation and autoimmunity (Steven et al.,
2004).
C-reactive protein (CRP) is a pattern recognition molecule, binding to specific molecular
configurations that are typically exposed during cell death or found on the surfaces of pathogens.
Its rapid increase in synthesis within hours after tissue injury or infection suggests that it
contributes to host defense and that it is part of the innate immune response. Recently, an
association between minor CRP elevation and future major cardiovascular events has been
recognized, leading to the recommendation by the centers for disease control and the American
heart association that patients at intermediate risk of coronary heart disease might benefit from
measurement of CRP (Steven et al., 2004).
C-reactive protein (CRP) is the prototypical acute phase protein in humans. Tillet and Francis
discovered CRP over 70 years ago in the blood of patients with Streptococcus pneumoniae
infection (Lorraine et al., 2005).
2. Structureof the C-reactive protein
The three-dimensional structure of CRP has been determined by X-ray crystallography (Terry,
2004).

CRP consists of five identical, non-covalently associated 23-kDa protomers arranged
symmetrically around a central pore, each containing 206 amino acid residues (Mark et al.;
2003). The term “pentraxins” has been used to describe the family of related proteins with this

structure (Steven et al., 2004) (Figure3).

-
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Figure2:The symptoms of inflammation (Barhum, 2022).

Figure 3: Crystal structure of C-reactive protein complexed with phosphocholine (2).




3. Dosage of the C-reactive protein
The CRP test is simple, fast (result in less than one hour) (Boufedeche et al., 2017). It is a
marker of inflammation. The standard test is used to assess an individual’s inflammatory status.
A version of the test called hs-CRP (high sensitivity C-reactive protein) is used only to assess the

risk of cardiovascular disease(In site3).

4. Functionof the C- reactive protein

C-reactive protein (CRP) plays an essential role in the recognition of self and foreign molecules.
This interaction leads to an activation of the adaptive immune system early in the course of an
inflammatory or infectious process. Through interaction with the complement system and Fc
receptors on phagocytic cells, CRP plays a direct role in the clearance of these molecules (Terry,
2000).

C-reactive protein (CRP) is synthesized very rapidly and appears at very high levels when the

inflammatory response is reaching its peak (Terry, 2004).
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I. Sugar

1.Definition of sugar

Sugar, which refers usually to sucrose, is a natural and nontoxic, sweet testing, water soluble
crystalline carbohydrates, and every 1 gram of sugar provide body 4K.calories. The main source
for sugar is the beet sugar or cane sugar. At last years, the increase of consuming sugar leads to
several disease especially obesity, cardiovascular disease and diabetes type 2 (Margaret et al.,
2018).

Sugars are simple carbohydrates and are important for everyday life biological functions such as
providing energy for running vital roles of the living body. The majority of the natural sugars
contain 6 or 12 carbon atoms in their molecules. Sugars are crystalline, soluble in water and
generally have a sweet taste. The commercial sugar is the disaccharide sucrose white sugar
(Mohammad and Klein, 2011).

In general, sugar is used as a preservative, a viscosity-enhancing agent, a sweetening agent, and
for other reasons in foods and beverages (John and White, 2018).

It is the generic name for all sweet-tasting soluble carbohydrates, many of which are used in
food. Table sugar (or granulated or regular sugar) refers only to one form, sucrose that is a
disaccharide (twin molecule) composed of a combination of the two common carbohydrates of

glucose and fructose (Spencer, 2021).
2. Carbohydrates

2.1. Definition

Carbohydrates are the main source of energy that is ingested by the human body (Jéquier,
1994).Structurally carbohydrates are polyfunctional Compounds. They contain two types of
functional groups hydroxyl and carbonyl. They may be polyhydroxy aldehydes or polyhydroxy
ketones. The formula for carbohydrates is (CH,0), (Mondal, 2017).

2.2. Chemical structure of carbohydrate

Carbohydrates chains come in different lengths, and biologically important carbohydrates belong
to three categories (Raven et al., 2014):

The simplest forms are monosaccharides.

The double-molecules of sugar (or disaccharides) are composed of two monosaccharides, joined
by a single covalent glycosidic bond.

There are other longer chains of monosaccharides but they are not called sugars but
oligsaccharides that are often used as markers or signal molecules or when many MS join

together form a polysaccharide (Spencer, 2021).

o




A.Monosaccharides

Monosaccharides consists of six carbon atoms (Wakim and Grewal, 2021), are simple sugars,

the most common of which is glucose. Monosaccharides have a formula of (CH,0),,.

Sugars are also named according to their number of carbons, some of the most common types are

trioses (three carbons), pentoses (five carbons), and hexoses (six carbons) (Figure 4) (Mondal,
2017).

B.Disaccharides

Disaccharide have 12 carbon atoms, and their chemical formula is C;,H,,04;(Neuman,
2013).

The most common disaccharide is sucrose, or table sugar, which is composed of the monomers
glucose and fructose. Other common disaccharides include lactose and maltose (Figure 5)
(Wakim and Grewal, 2021).

C.Polysaccharides

Polysaccharides are composed of chemically bonded monosaccharides, they are considered as
vital bio-macromolecules for all living organisms, which are structurally comprised of homo or
hetero monosaccharides and uronic acids connected with glycosidic linkages (Zhang and
Wang, 2015).

2. Relationship between excessive sugar consumption and inflammation
A high sugar diet can have harmful effects on health, such as increasing the risk of chronic
diseases, weight gain, and tooth decay. It can also result in chronic inflammation, where the

body’s immune system activates, resulting in damage to healthy cells.

Sugar stimulates the production of free fatty acids in the liver. When the body digests these free

fatty acids, the resulting compounds can trigger inflammatory processes (Marengo, 2019).

-
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Figure 4: A diagram of the monosaccharide (Glucose, Fructose,
and Galactose) (4).
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Figure 5: A diagram of the disaccharide (Maltose, Lactose, and sucrose) (5).




4. Inflammatory cytokines
The immune system produces cytokines and other humoral factors to protect the host when
threatened by inflammatory agents, microbial invasion, or injury. In some cases this complex
defense network successfully restores normal homeostasis, but at other times the overproduction

of immune regulatory mediators may actually prove deleterious to the host(Hopkins, 2003).
There are much kind of cytokines shawn in the (Table 1) which are:

e Interleukines: That are able to promote cell growth, differentiation, and functional activation.
Seven interleukins have been described; each has unique biological activities as well as some
that overlap with the others (Mizel, 1989).

e Chemokines:That are essential in the recruitment of circulating leukocytes to inflammatory
sites, taking part both in leukocyte trafficking and leukocyte activation. Chemokines are also
involved in angiogenesis and tumor cell proliferation. They contribute to the differentiation and
proliferation of hematopoietic progenitors (Samson and Aubry, 1999).

e Tumour necrosis factors:thatareimportant cytokines involved in physiological processes,
systematic inflammation, tumor lysis, apoptosis and initiation of the acute phase reaction (Chu,
2013).

e Interferons: that are now recognized as central regulatory mediators of the immune response.
The functions of IFNs are represented by three major biological activities: antiviral activity,
antitumor activity and immune regulatory activity (Chelbi and Wietzerbin, 2007).

e Growth factors : are members of a family of polypeptides that are potent regulators of cell
proliferation, differentiation, and function, These proteins play crucial roles in normal
development in the maintenance of tissues, and in wound healing and, and they have also been
implicated in a wide range of pathological conditions, including tumorigenesis and metastasis.
They act on cells of meso-, ecto-, and endo-dermal origin, and they cause changes in migration,
morphology, and function as well as proliferation(Galzie et al., 1997).

.



Table 1 : Cytokines families(Hopkins, 2003).

Family Examples Activities

Interleukins IL-1a IL-1B, IL1ra and IL-2 — Regulation of innate and
IL-26 adaptive immunity

Chemokines IL-8, monocyte chemotactic Leukocyte chemotaxis and

Tumour necrosis factors

Interferons

Colony stimulating factors

Neurotrophins and neuropoietins

Growth factors

factor
TNF-o and TNF-f

IFN-o and

FN-y

Granulocyte-SF, macrophage-
SF, IL-3,5,6 and 7
Ciliaryneurotrophic factor, nerve
growth factor, IL-6

Fibroblast growth factor
Endothelial cell growth factor

activation

Similar to IL-1 1 tumour
cytotoxicity

Anti-viral
Immunoregulatory

Myelopoiesis

Neuronal growth and
differentiation.

Regulation of cell growth

&



a. Role of cytokines
Cytokines are a crucial component of immune response, as they aid in the intercellular
communication and are involved in both health and disease, through their physiological and
pathological effects. They are involved in mediating natural immunity and regulating the
activation, growth, and differentiation of lymphocytes, leukocytes, as well as other cell types.
Furthermore, they play a role in the regulation of immune-mediated inflammation and stimulate
hematopoiesis. Their effects are mediated via cell surface receptors. Based on their physiological
and pathological effects, they are ideal therapeutic agents, either by themselves or as antagonists,

which also include specific monoclonal antibodies directed against them (Khan, 2016).

b. Relationship between cytokines and cardiovascular disease
Complex cellular and inflammatory interactions are involved in the progress of vascular
diseases. Endothelial cells, upon exposure to cytokines, undergo profound alterations of function
that involve gene expression and de novo protein synthesis. The functional reprogramming of
endothelial cells by cytokines is of importance especially in patients with chronic vascular
inflammation. The intercellular network of dendritic cells, T-lymphocytes, macrophages and
smooth muscle cells generates a variety of stimulatory cytokines [e.g. TNF-a (Tumor necrosis
factor-a), IL-1 (interleukin), IL-6 and IFN-y (interferon-y)] and growth factors that promote the
development of functional and structural vascular changes. High concentrations of pro-
inflammatory cytokines increase oxidative stress, down-regulate ENOS (endothelial nitric oxide
synthase) bioactivity and induce endothelial cell apoptosis. Chemoattractant cytokines [e.g.
VEGF (vascular endothelial growth factor), TGF-B1 (transforming growth factor-1) and IL-8]
are important regulators of inflammation-induced angiogenesis and are directly modulated by
nitric oxide. This review will focus on the vascular mechanisms orchestrated by cytokines and
summarizes the current knowledge concerning the contribution of cytokines to cardiovascular
diseases (Kofler et al., 2005).
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Table 2 : Inflammatory cytokines (Hopkins, 2003).

TNF-a IL-1 IL-6
Eicosanoid and Nitric + ++ -
Oxide
Induction
Endothelial cell + ++ +
activation
Proteolytic enzyme + ++ -
induction
Cytokine induction + ++ -
T lymphocyte activation + +
B lymphocyte - + +
differentiation
Acute phase protein + + ++
induction
Corticosteroid induction + + +
Fever + + +
Cachexia/anorexia + - +
Myelopoiesis + + ++
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Figure 6: Tissue cytokine induction. This diagram represents the network of cytokine
production in tissues, following typical injurious stimuli. Macrophages (Mf) and other tissue
cells respond to a variety of stimuli (large arrows), by production of a variety of cytokines (small
arrows). Cytokines such as interleukin-1 (IL-1) and tumor necrosis factor-a (TNF), produced by
tissue macrophages, as well as bacterial and viral products themselves may stimulate further
cytokine production by other tissue cells, such as fibroblasts and endothelial cells. IL-1 and TNF
also potently induce synthesis of hon-cytokine inflammatory mediators such as prostaglandins
(PGs). Viral infection may also lead directly to production of interferon (IFN)-a by macrophages
and IFN-b by tissue cells. Colony stimulating factors (CSF) and IL-6 represent major cytokines

entering the blood stream (Hopkins, 2003).
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I. Cardiovascular

1.The heart

1.1. Definition

The heart is a muscular pump, which serves two functions: collect blood from the tissues of the
body, pump it to the lungs, collect blood from the lungs, and pump it to all of the tissues of the
body. The human heart lies in the protective thorax, posterior to the sternum and costal

cartilages, and rests on the superior surface of the diaphragm (Weinhaus, 2015).

The heart is a fibromuscular organ in the shape of an irregular cone. Situated between the right

and left pleural sacs, in the middle mediastinum (Figure 7) (Vishy, 2008).

1.2. Anatomy of the heart

a. The chambers of the heart

The heart possesses a ‘fibrous skeleton’ that provides anchorage for the myocardium of the
cardiac chambers and for the cusps of the heart valves. The fibrous skeleton of the heart,
composed of dense collagen, is a conjunction of four fibrous rings and the contiguous parts of
the interatrial and interventricular septa (Vishy, 2008).

The heart consists of four chambers, each containing an atrium and a ventricle. The right side is
responsible for collecting oxygen- poor blood and pumping it to the lungs. The left side is
responsible for collecting oxygen-rich blood from the lungs and pumping it to all tissues in the
body. Within each side, the atria are the sites where blood collects and passes through to the
ventricles and then they contract to eject the final volumes of blood into the ventricles. The
ventricle is much stronger, and it is a site for the pumping of blood out and away from the heart
(Figure 8) (Weinhaus, 2015).

b. The heart valve anatomy

The four cardiac valves lie behind the body of the sternum along a line that is nearly vertical.
The location of the valves is the pulmonary valve, aortic valve, mitral valve and tricuspid valve.
Normal heart sounds are the result of abrupt apposition of valve cusps at the time of valve
closure. Each of the four valves projects its closure sound with maximal intensity to a defined

and distinct area over the anterior chest wall (Vishy, 2008).

o Aortic valve
The aortic valve is composed of three symmetric semilunar- shaped cusps, and each cusp acts
like an upside-down parachute facing into the aortic artery .blood is pumped from the left
ventricle. When the ventricle relaxes in diastole, blood is prevented from flowing back into the

ventricle by the aortic semilunar valve (Weinhaus, 2015).
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Figure 7: Anatomy of the heart (6).
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Figure 8: The chambers of the heart (7).
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o Tricuspid valve
The valve consists of the annulus, three valvularleaflets, three papillary muscles, and three sets
of chordae tendineae Blood is pumped from the right atrium. When the right ventricle contracts,
blood is prevented from flowing back into the atrium by the tricuspid valve (Weinhaus, 2015).

o Pulmonary valve
The semilunar valve is composed of three symmetric semilunar-shaped cusps. Each cusp looks
like a cup composed of a thin membrane. Blood is pumped from the right ventricle. When the
ventricle relaxes, in diastole, blood is prevented from flowing back into the ventricle by the
pulmonary semilunar valve (Weinhaus, 2015).

o Mitral valve
The valve consists of the annulus, two leaflets, two papillary muscles, and two sets of chordae
tendineae. Blood is pumped from the left atrium, when the left ventricle contracts, blood is
prevented from flowing back into the atrium by the bicuspid valve (Figure 9) (Weinhaus,
2015).

c. Pericardial membrane

The pericardium is the covering around the heart. It is a serious membrane, composed of two
distinct but continuous layers. The part of the pericardium that is in contact with the heart is
called the visceral pericardium or epicardium. The part of the pericardium forming the outer

border is called the parietal pericardium (Weinhaus, 2015).

o Anatomy of pericardium
The pericardium is composed of visceral and parietal components. The visceral pericardium is a
mesothelial cell monolayer that adheres firmly to the epicedium, reflects over the origin of the
great vessels, and, fibrous tissue that envelops the heart. The pericardial space is enclosed

between these 2 layers and normally, contains up to 50 mL of pericardial fluid (Brian, 2017).

Pericardial fluid is largely a plasma ultra-filtrate, but may include myocardial interstitial fluid
and lymph drainage. Pericardial fluid volume is greatest over the atrioventricular and
interventricular grooves (Brian, 2017).

The thickness of the pericardium varies by region (0.8-1.0 mm thick on anatomic specimens)
and is slightly greater on imaging studies (0.7-1.2 mm by cardiac computed tomography [CCT]
and 1.5 to 2.0 mm by cardiac magnetic resonance [CMR]) (Figure 10) (Brian, 2017).

d. Layers of the heart walls

The heart wall consists of three layers enclosed in the pericardium
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Figure 9: Valves of the heart (8).
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o Myocardium
The ventricular myocardium is represented by 3 layers of cardiomyocytes. Outside, subepicardial
layer contains cardiomyocytes, forming longitudinal beams, are found in the middle layer of
circularly directed beams, innesubendocardial layer containing slightly obliquely
orientedbundles of cardiomyocytes. The outer and inner layers of the longitudinal direction
belongs to both ventricles (Global, 2017).

o Epicardium
Epicardium is bundles of collagen and elastin fibers lie longitudinally, and have a greater
packing density than the bundles of collagen and elastic fibers endocardial (Global, 2017).

o Endocardium
Endocardium isthe inner layer of heart comprises a longitudinally directed bundle of collagen
fibers (Figure 11) (Global, 2017).

e. Coronary vascular
The arterial supply to the heart arises from the base of the aorta as the right and left coronary
arteries and typically, the right coronary artery is of greater calibre than the left (Weinhaus ,
2015).
The heart derives its arterial supply from the right and left coronary arteries, which are the
earliest branches of the aorta (Figure 12) (Vishy, 2008).
1.3 Function
The heart has two primary functions collects oxygen-poor blood and pumps it to the lungs for the
release of carbon dioxide in exchange for oxygen and collects oxygen-rich blood from the lungs
and pumps it to all tissues in the body to provide oxygen in exchange for carbon dioxide
(Weinhaus, 2015).
The heart is the main organ in the circulatory system; the structure is primarily responsible for
delivering blood circulation and transportation of nutrients in all parts of the body, the cardiac
cycle, ensures that blood is distributed throughout the body, and the systole-diastole relationship
is the reference in measuring blood pressure.lIt is works with other body systems to control the
heart rate and other body functions. The primary systems are nervous system and endocrine
system (Gaea, 2021).
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Figure 11: Layers of the heart walls (10).
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2. Vessels

2.1. Blood vessels
The vascular system has the noble role to nourish all other tissues and organs in the human body.
Composed of impressive 19 000 km of interconnecting vessels, oxygen-rich blood flows in their
hollow structure from the heart through large arteries which progressively divide into smaller
vessels until the capillaries of all other tissues (Figure 13).

The blood then delivers nutrients and oxygen, removes metabolic by-products, and continues

through veins back to the heart to be resaturated with oxygen in the pulmonary circuit

The complex structure and composition of the vascular wall impart unique mechanical features
for the blood flow propagation and any disturbance on its physiology can significantly
compromise its circulation. Indeed, vascular pathologies such as atherosclerosis have been the
leading cause of death worldwide and the total replacement of the diseased tissue must be
applied in a number of cases (Camasédo and Mantavani, 2021).

2.2.The anatomy of the aorta

a. Morphology of the aorta
The aortic arch is the segment of the aorta that helps distribute blood to the head and upper
extremities via the brachiocephalic trunk, the left common carotid, and the left subclavian
artery. The aortic arch also plays a role in blood pressure homeostasis via baroreceptors found

within the walls of the aortic arch (Brian, 2017).

Arteries and veins are comprised of three distinct layers while the much smaller capillaries are

composed of a single layer.

e Tunica intima

The inner layer (tunica intima) is the thinnest layer, formed from a single continuous layer of
endothelial cells and supported by a subendothelial layer of connective tissue and supportive
cells. In smaller arterioles or venules, this subendothelial layer consists of a single layer of cells,
but can be much thicker in larger vessels such as the aorta. The tunica intima is surrounded by a
thin membrane comprised of elastic fibers running parallel to the vessel. Capillaries consist only
of the thin endothelial layer of cells with an associated thin layer of connective tissue (In site
14).
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e Tunica media
Surrounding the tunica intima is the tunica media, comprised of smooth muscle cells and elastic
and connective tissues arranged circularly around the vessel. This layer is much thicker in
arteries than in veins. Fiber composition also differs; veins contain fewer elastic fibers and

function to control caliber of the arteries, a key step in maintaining blood pressure (In site 14).

e Tunica externa
The outermost layer is the tunica externa or tunica adventitia, composed entirely of connective
fibers and surrounded by an external elastic lamina which functions to anchor vessels with
surrounding tissues. The tunica externa is often thicker in veins to prevent collapse of the blood
vessel and provide protection from damage since veins may be superficially located (Figure 14)(
14).

b. Function of the aorta
The function of blood vessels is to deliver blood to the organs and tissues in your body. The
blood supplies them with the oxygen and nutrients they need to function. Blood vessels also

carry waste products and carbon dioxide away from your organs and tissues.
Each type of blood vessel serves a different function:

e Arteries
These strong, muscular blood vessels carry oxygen-rich blood from your heart to your body.
They handle a large amount of force and pressure from your blood flow but don’t carry a
large volume of blood. At any given time, only about 10% to 15% of your body’s blood is in

your arteries (15).

e Arterioles
Arteries branch into smaller vessels called arterioles. Both arteries and arterioles are very

flexible. They get bigger or smaller to help maintain your body’s blood pressure (15).

e Venules
Veins begin as tiny vessels called venules and get gradually larger as they near your heart.

Venules receive blood from capillaries (15).
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e Capillaries
These tiny blood vessels have thin walls. Oxygen and nutrients from the blood can move
through the walls and get into organs and tissues. The capillaries also take waste products
away from your tissues. Capillaries are where oxygen and nutrients are exchanged for carbon

dioxide and waste (15).

e Veins
Unlike arteries, veins don’t have to carry highly pressurized blood, but they do have to carry
large volumes of deoxygenated blood back to your heart. Thin, less elastic walls help them
handle high volumes and low pressure. Most veins have valves that open and close. The
valves control blood flow and keep your blood flowing in one direction. About 75% of your
blood is in your veins (15).

I1. Atherosclerosis

1. Definition

Atherosclerosis refers to the accumulation of fatty and/or fibrous material in the innermost
layer of arteries, the intima (Libby et al., 2019). It is a chronic inflammatory disease process of
complex etiology (Sessa et al., 2014)

The term atherosclerosis derives from the Greek word for ‘gruel’ or ‘porridge’, reflecting the
appearance of the lipid material found in the core of the typical atherosclerotic plaque (or
atheroma) (Figure 15) (Libby et al., 2019).

Atherosclerosis is a hardening and narrowing of your arteries caused by cholesterol plaques
lining the artery over time. It can put blood flow at risk as your arteries become blocked (Felson,
2021).

Atherosclerotic cardiovascular disease (CVD) is on course to surpass infectious diseases as
the leading cause of morbidity and mortality worldwide. Multiple risk factors are responsible for
this trend including the increasing average life expectancy and reducing rates of communicable
diseases in addition to potentially modifiable risk factors, such as tobacco use, hypertension,
hyperlipidemia, and diabetes mellitus (Beverly and Budoff, 2019).

2. The mechanism of atherosclerosis
Atherosclerotic lesion development takes place in the intimal layer of the arterial wall. Adult
intima is a rather thick formation with complex architecture and heterogeneous cellular
composition. The intima is separated from the lumen of the vessel by a monolayer of endothelial
cells. Endothelium plays a key role in the transport of cells and non-cellular components of
blood from the arterial bed to the vascular wall (Kriiger-Genge et al., 2019).
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Figure 15: The stages of atherosclerosis (16).
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Cellular composition of the arterial wall undergoes profound changes in atherosclerotic lesion
areas (Stary, 1990; Xu et al., 1990; Padarti and Zhang, 2018).

The primary source of lipids that accumulate in foam cells is atherogenic modified low density
lipoprotein (LDL). Particles of LDL circulate in the blood and undergo chemical modifications
affecting the glycoconjugate, lipid, and protein moieties (Ivanova et al., 2017) (Orekhov and
Myasoedova, 2019).Native (unmodified) LDL does not cause the accumulation of intracellular
lipids in cultured cells. Associates of modified LDL stimulate the phagocytic activity of
subendothelial macrophages and pericytes. Following phagocytosis, inflammatory cytokines are
secreted, which attracts monocytes and other immune cells to the emerging site of inflammation.
Inflammatory cytokines contribute to further accumulation of intracellular lipids induced by
modified atherogenic LDL. Moreover, in some cases, lipid accumulation induction is observed
even in absence of modified LDL.Therefore, not the accumulation of intracellular lipids caused
by LDL, but the immune response to the interaction of the cell with LDL promotes or even
induces the formation of foam cells. Intracellular lipid accumulation leads to the rupture of cell
contacts in the three-dimensional network of pericyte-like cells (Ivanova et al., 2015). This is
accompanied by increased proliferative activity and stimulation of extracellular matrix synthesis
(Ponticos and Smith, 2014) (Orekhov et al., 2016). Such processes are characteristic of the
reparative phase of the inflammatory reaction. Normally, only a small thickening of the intimal
tissue remains at the site of inflammation (Orekhov and Ivanova, 2016).

This process may occur in the arteries without causing visible symptoms and lesions can
accumulate over time, so that focal formations become a diffuse thickening. Diffuse intimate
thickening is not an atherosclerotic lesion, but is considered normal for the arteries of an adult
body (Nakashima et al., 2008) (Subbotin, 2016).

An increase in the concentration of pro-inflammatory cytokines leads to endoplasmic reticulum
stress in the arterial wall cells, which in turn can lead to the initiation of apoptosis (lvanova and
Orekhov, 2016). Cytokine-induced inflammation disrupts the normal functioning of
mitochondria, their synthesis and mitophagy (Gkikas et al., 2018), which also leads to
apoptosis. These effects contribute to the prolonged circulation of pro-inflammatory agents in the
vascular bed, which can further stimulate the launch of a cascade of inflammatory reactions at

the site of vascular damage.

It is plausible that atherosclerotic lesion development occurs when the inflammatory process
cannot be resolved in a regular way and becomes chronic (Figure 16) (Orekhov and lvanova,

2016). Thus, the response of the innate immunity is a trigger for the formation of foam cells,

o
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while violation of the normal immune response is the cause of inflammation chronification,

which leads to the development of atherosclerotic lesions.
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Materials and Methods

1. Materials
1.1. Choice of treatment
In this experience we have used hot water at 50°C proposed by(AlHajri, 2010;
AlHajri2020), and crystallize sugar (509/65kQ).
1.2. Animals
The experiment was performed on 32 albino Mus musculus mice (2- 2.5-month-old).The animals
were born in the Animal house of Université des freres Mentouri constantinel.
1.3. Chemicals products

Chemicals products used in our research are:
Chloroform, formol (10%) Nacl (0,9%) , tris buffered saline (TBS), phosphate buffered saline
(PBS), H202, Sulfosalicylic acid, orthophosphoric acid, comassieblue, methanol, tris ethylene
diamine tetra acetic acid (EDTA), bovine albumin serum (BSA), Hcl, NaOH.
1.4 Equipments
Precision balance (readability 0, 0001), balance (1kg), centrifuge, spectrophotometer, pH meter,

heating magnetic stirrer, vortex mixer.

2. Methods
2.1. Treatment of mice

Adult male Albino Mus musculus mice (2- 2.5-month-old) from Université des fréeres
Constantinel, Constantine, Algeria, weighing between (34 - 45g) were housed in polypropylene
cages with soft wood and free access to water and diet every day. Were maintained under
standard Animal house conditions of humidity, temperature (25°C) and light (12hday: 12h
night). After the adaptive period, they were divided into four groups.

The control group ( C) was fed with normal diet ( 150g/kg/day ) the second group (S) was fed
with Crystallize sugar ( 50g/65kg/day), the third group ( SHW) was fed with crystallize sugar
and hot water (125ml+150g/8mice+509/65kg /mice ) and the fourth group (HW) drunk hot
water and normal diet (125ml+150g/8mice) ( Table 3). The diet and water consumed by mice
throughout the experiment have been taken at the same time every day.

After Three weeks of treatment, blood samples were collected after fasting from retro orbital
plexus into heparin tubes by using glass capillaries.

After taking the blood samples, the mice were scarified and the organs such as liver, aorta and
heart are fixed in the formol, at the same time the rest of the liver are stored in the freezer at -20

for the dosage of antioxidants (GSH and catalase).
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Table 3:Shows treatment of animals during 21days

Experimental Treatment Number | Duration Daily dose
group of of
animals | experiment
GI(C) Normal water 8 211 125ml+150g/8mice
+Animal Diet
GII(S) Normal water + 8 211 125ml+150g/8mice+509/65kg
Animal diet /mice
+Crystallize
sugar
GHI(SHW) Hot water + 7 21 125ml+150g/8mice+50g/65kg
+Crystallize /mice
sugar Animal
diet
GIV(HW) Hot water 9 21 125ml+150g/8mice
+Animal diet




2.2. Biochemical analysis

Blood glucose, lipids status, CRP measurement were performed in the medical laboratory of
AMINE Constantine (Algeria).

2.2.1 .Blood glucose determination

Clinical significant of blood glucose

Blood glucose determination is used in the diagnosis and treatment of disorders of carbohydrate
metabolism such as diabete and hypoglycemia. Blood glucose were measured using colorimetric
automatic procedures (Auto-Analyser type COBAS integraroche 400).

The reactions involved in the assay system are as follows:

HK
D-glucose+ATP— D-glucose-6-phosphate+ADP

D-glucose-6-phosphate+NADP* i D-6-phosphogluconate+NADPH+H*
2.2.2. Lipids determinations
Total cholesterol, HDL-c, LDL-c and triglyceride concentrations were measured using
colorimetric automatic procedures (Auto-Analyser type COBAS integraroche 400).
Clinical investigation
The objective of lipidsmeasurment is to detect the relationship between high consumption
of crystallize sugar and hypercholesterolemia.
A. Total cholesterol

The concentration of T-cholesterol was calculated by using the following formulae.

Cholesterol esterase

cholesteryl acetate + H,0 cholesterol + Acetic acid

cholesterol oxidase

cholesterol + 0O, A — Cholestenone + H,0,

. . . Peroxidase . L
2H,0 + 4 — Aminoantipyrine + Phenol ———— Quinoneimine + 4H,0

B. Triglyceride determination
Triglycerides are indicated for the diagnosis and treatment of disorders of lipid
metabolism in sugary diabetes. It is measured using colorimetric automatic procedures
(AutoAnalyser type COBAS integraroche 400).

Triglycérides +3 H,0 ———>glycerol+3RCOOH

GK
Glycerol +ATP — glycerol-3-phosphate+ADP
MgZ+

Glycerol-3-phosphate+0, _GPO dihydroxyacetone phosphate+H,0,

.



. POD .. .
H,0,+amino-4 phenazone+chloro-4 phenol— mono-imino-p-benzoquinone-4

phénazone+2H,0+HCL
C. HDL-C
cholesterol—esterase modified by the PEG
Ester ~ of  cholesterol HDL+ H,0 cholesterol
HDL+RCOOH
cholesterol-oxydase modofied by the PEG
Cholesterol HDL+0, A4- cholestenone+H, 0,
. . . + peroxydase )
2H,0,+aminoantipyrine+HSDA*+H"+H,0 — —derived puplecolour 5H,0
D. LDL-C
detergent cholesterol—esterase .
Ester of cholesterol LDL+H,0 cholesterol + free fatty acid
cholesterol oxydase
Cholesterol LDL+ 0, A4-cholestenone+ H,0,
peroxydase

2 H,0,+amino-4 phenazone+HSDAa+H"+H,0 —————derived puplecolour 5H,0

2.2.3. Determination of aspartate aminotransferase and alanine aminotransferase

vactivities
Aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were carry out
using colorimetric automatic procedures (Auto-Analyser type COBAS integraroche 400).
The derminationof AST and ALT activities in serum is used mainly to assess the liver
damage (Aklil, 2017).
A. Aspartate aminotransferase (AST)
The series of reactions involved in the assay system are as follows:

AST
L-aspartate+2-oxoglutarate——oxaloacetate+L-glutamate

MDH
Oxaloacetate+NADH+H+* ——L-malate+NAD"

B. Alanine aminotransferase (ALT)
ALT
L-Alanine+2-oxoglutarate —pyruvate+L-glutamate

Pyruvate+NADH+H* P L-lactate+NAD®
2.2.4. Determination of high sensitivity C-reactive protein
The method usedfor the determination of high sensitivity is the immune turbidimetric
which was performed on the Cobas Integra 400.
Clinical investigation
High sensitivity C-reactive protein (CRP) is determinated to evaluate the possibility of

infection or inflammatory disease.
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2.2.5 Determination of oxidative stress parameters
A.Tissue homogenate preparation

From each mouse 0.5 g of liver was homogenized in 2ml of tris buffered solution (TBS). The
homogenates were centrifuged at 9000g for 15min at C°4) and the supernatant was used to
measure the glutathione reduced and catalase (Aklil et al., 2017).

b. Measurment of glutathione reduced
Liver homogenate sample (0.8ml) was deproteinized with (0.2ml) of 5-sulfosalicylic acid
solution (0.25%) and was allowed stand on ice for 10min. Following centrifugation at 1000 tours
/5min to remove the precipitated protein. The quantity of 0.5ml of supernatant was mixed with
Iml Tris buffered solution (pH 9.6) and (0.025ml) of DTNB reagent (0.01M 5.5 dithio-bis-2-
nitrobenzoic acid ), the reaction was left at room temperature for 5min, then the absorbance was
measured at 412 nm using spectrophotometer (SHIMADZU UV-1280 ) against the blanc(
Weekbeker and Cory, 1988) .
The glutathione concentration is obtained by the following formula:

GSH (nmol/mg protein)=DOx1x1.525/13100%0.8x0.5xmg protein
c. Measurement of catalase

The tissu catalase was determined according to Aebi’s method (1974). The principle assay based
on the determination of H,0,decomposition rate at 240nm and the reaction are shown in (Table
4).




Table 4: Shows the reaction of catalase

Reagents Sample (ul) Blank (pl)
Phosphate buffer (1L00Mm, pH 7.5) | 780 800

H,0, (500Mm) 200 200
Surnageant 20 0
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Results
1. Weight

Our results demonstrated that the weight is increased during the first week( 39.609+0.51) and
third week( 40.82g+0.40 ) in group administered with crystallized sugar, and was in the control
group from the first week ( 38.63g+1.42) and third week ( 39.70g+0.64 ) and in mice treated
with hot water the weight was in first and third week ( 38.629+0.47 ) (38.669+0.09) respectively.
However the weight is decreased in group administered with crystallized sugar and treated with
hot water (38.81g+0.34) (38.659+0.16) between the first and third week (Figurel?).

2. Food

Our results demonstrated that the food consumed by mice is increased during the first and third
week (104.28g+8.75) (114.00g+9.25) in the group control, in the group of mice treated with hot
water in the first week was (109.75g+7.80) and in the third week was (122.79g+22.49) and in the
group administered with  crystallize sugar in the first and third week
(80.299+17.63)(81.43g+37.63). On the other hand, the food consumed by mice is decreased in
group administered with crystallized sugar and treated with hot water (127.71g+14.56)
(118.149+23.16) (Figurel8).

3. Water

Our results demonstrated that the quantity of water consumed is increased during the first and
third week in the group control (24.29ml £1.70) (26.71ml +£3.04) respectively and in the animals
treated with hot water (22.00ml+1.15) (41.43ml *12.54). However the quantity of water
consumed by mice is decreased in groups administered with crystallized sugar and treated with
hot water (47.20ml +4.71) (37.43ml +8.81) and administered with crystallized sugar in the first
(30.57ml+3, 03) and third week (28.29 ml £3.74) (Figurel9).

4. Blood sugar

The figure 20 showed that there is a difference between groups ,C ( 1.76¢/1+0.15), S ( 1.59¢/1+
0.31) ,SHW( 1.83¢/1£0.14 ) and HW ( 1.35¢/1£0.21 ). The level of blood sugar is decreased in
the group treated with hot water when it is compared to the other group however, the level of
blood sugar is increased in the group administered with crystallized sugar and treated with hot

water when it is compared to the groups (C and S).
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5. Lipids status

5.1 Total cholesterol
The figure 21 showed that the concentration of total -cholesterol is increased in the group
administered with crystallized sugar (1.42g/1£0.06) and SHW (1.469/1£0.07) when it is
compared to the other group C (1.119/1+0.17) and HW (1.28¢/1+0.17).
5.2. Triglyceride
Our results showed that the concentration of Triglyceride is increased in the groups
administered with crystallized sugar ( 1.249/1£0.42 ) and administered with crystallized sugar
and treated with hot water ( 1.729/1+0.36 ) when compared to the groups of animals treated
with hot water (1.00g/1+0.50 ) and control group ( 0.949/1+£0.17 ) ( Figure 22).
5.3. HDL-c

Our data demonstrated  that the concentration of HDL-c s increased in the groups
administered with crystallized sugar ( 1.17g/1£0.02 ) and administered with crystallized sugar
and treated with hot water ( 1.18g/1£0.08 ) when compared to the groups of animals treated
with hot water ( 1.04g/1+0.17 )and control group ( 0.93g/1+£0.14) ( Figure23).

A. LDL-c
Our data demonstrated that the concentration of LDL-c is increased in the group
administered with crystallized sugar and treated with hot water ( 0.129/1+0.02 ) ,group of animals
administered with crystallize sugar(0.11g/I+0.01)and the mice treated with hot water ( 0.12+0.01
)when compared to the control group (0.08+0.03) ( Figure24).

B. VLDL-c
Our data demonstrated that the concentration of VLDL-c is increased in the groups
administered with crystallized sugar and treated with hot water ( 0.34g/l £0.07 )  when
compared to the groups of animals administered with crystallize sugar ( 0.25g/1 £0.08 ) ,
treated with hot water ( 0.2g/l1 £0.1)and control group (0.19¢/l £003 ) ( Figure25).

C. CRP
Our data demonstrated that there is a decrease in the concentrations of CRP the groups (S=
0.50mg/1£0.06, SHW= 0.41mg/I+0.13 and HW= 0.55mg/l+0.1) when compared to the group (C=
0.76mg/1+0.20, (Figure26).
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D. AST and ALT
A. AST

Our data demonstrated that there is a difference between groups in the concentrations of AST.
In addition we have detected that there is a decrease in concentration of AST in the groups S
administered with crystallized sugar (78.29U/L£13.90 ) , SHW administered with sugar and
treated with hot water ( 83.94U/L£26.09) and HW treated with hot water (122.50U/L+11.26)
when compared to the group of control (125.59U/L+18.77) ( Figure27).
A. ALT

Our data demonstrated that there is a difference between groups in the concentrations of ALT.
In addition we have detected that there is a decrease in concentration of ALT in the groups S
administered with crystallized sugar ( 24.12U1/L£3.96 ) and SHW adminisered with sugar and
treated with hot water (25.14UI1/L£5.14) and increase in ALT level in group HW treated with
hot water ( 33.17UI/L+11.77 ) when compared to the group of control ( 28.00U1/L+4.39 ) (
Figure28).

6. GSH
Our data demonstrated that there is an increase in the concentrations of GSH in the groups of
mice S administered with crystallize sugar ( 74.42nmol/mg protein +32.78 ) and SHW
administered with crystallize sugar and treated with hot water ( 74.41nmol/mg protein+31.98 )
when compared to groups HW treated with hot water ( 65.01nmol/mg protein+15.43) and the
control ( 65.44nmol/mg protein+40.37 ) (Figure 29).

{. Catalase
Our data demonstrated that there is a decrease in the concentrations of catalase in the groups
of mice S administered with crystallize sugar ( 3.38umole H,0, /min/mg/protein +5.74 ) and
SHW administered with crystallize sugar and treated with hot water ( 3.26umole H,O0,
/min/mg/proteint 3.87 ) and HW treated with hot water (1.79umole H,0, /min/mg/protein
+1.13) when compared to C group ( 12.84umole H,0, /min/mg/protein £9.02 ) (Figure 30).

8. Atherogenic index
Our data demonstrated that there is a slightly difference in the atherogenic index in the groups of
mice (S) administered with crystallize sugar (0.22+0.06) and (SHW) administered with
crystallize sugar and treated with hot water (0.24 +0.03) and (HW) treated with hot water (0.23
+0.04) when compared to group the control (0.2+0.06) (Figure 31).
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Discussion
Epidemiologic studies have suggested that higher intake of added sugar is associated with
cardiovascular disease (CVD) risk factors. Few prospective studies have examined the
association of added sugar intake with CVVD mortality (Quanhe et al., 2013). In this research we
aimed to investigate the interaction of high consumption of crystallize sugar on cardiovascular
disease and on the other way we looking to evaluate the benefits of hot water on some
biochemical parameters.

Body weight and food
The weight of animals are increased in group administered with crystallize sugar. This result is
in agreement with the work of Zerizer (2006) who reported an increase in the weight of rats
treated with 200mg/kg of L-methionine. On the other hand the weight of animal is slightly
increased in the group administered with Crystallize sugar and treated with hot water. Our result
is agrees with those of Guennoub and Redouane ( 2017 ), who obtained that the weight of rats is
increased in group fed with diet rich in trans-fat and treated with hot water.

However, the weight in group of mice treated with hot water is decreased our result is not agrees

with the work of Guennoub and Redouane (2017) who obtained that the weight is increased in
rats treated with hot water during 21days.
We have detected that the quantity of diet consumed by mice is increased in the groups
administered with crystallize sugar and the other administered with normal diet and treated with
hot water. Our result is agrees with the work of Guennoub and Redouane ( 2017 ) who obtained
that the rats consumed more food in group fed with diet rich trans-fat on the other hand is not
agrees with our results because they found that the food consumed by the rats is decreased when
they treated with hot water.
However, the diet consumed by mice is decreased in group control and group administered with
crystallize sugar and treated with hot water our result is in accordance with Guennoub and
Redouane(2017) for the control group but not in accordance with the group (SHW).
The quantity of water was high in the group of mice administered with crystallize sugar and low
in groups treated with hot water, this result is agrees with the result of Guennoub and Redouane (
2017 ) who obtained that the quantity of water consumed is decreased by rats in both groups
treated with hot water.

Biochemical results
Our study has shown that the treatment with hot water could decrease the concentration of blood
glucose when compared to the control group. There is a benefit of drinking hot water on the

stimulation of insulin which converts the glucose to glycogen in the liver. Our result is not agrees




with (Boufedeche et al.,2018) who found that hot water increased the concentration of blood

sugar in females rats treated with hot water during 21 days.

However, the group administered with crystallize sugar and treated with hot water we have
detected that blood sugar is higher than the other group.
The quantity of 509/65kg during 21 days could destroy the (3 cells of pancreas langerhans islets
cells which decrease the secretion of insulin and inhibited the permeability of glucose to the
cells. So the quantity of hot water it is not enough to reduce the high level of glucose formed
from the crystallize sugar and we cannot advise people to eat crystallize sugar and drunk hot
water.
As found in this study, mice administered with crystallize sugar have shown an increase in T-ch,
TG, VLDL when compared to the control group and group treated with hot water. Hot water
could decrease the concentrations of TG and VLDL. Our result is agrees with the study of
Guennoub and Redouane (2017) who obtained that the levels of T-ch and triglyceride are
increased in group of rats fed with diet rich in trans fats .
However, our result is in accordance with that of Guennoub and Redouane (2017) who found
that hot water increase T-ch but not in accordance with their results on TG.
In our research we found that hot water increase the levels of HDL-c and LDL-c with a decrease
in VLDL. Same results are obtained by Guennoub and Redouane (2017) with HDL-c and LDL-
C.
Our result is not agrees with Boufedeche et al.(2018) who found that hot water decrease the
concentrations of LDL-c but are in agreement with that of triglycerides.
In addition we have obtained that hot water could decrease AST, CRP and increase ALT.
Boufedeche et al. (2018) confirmed that hot water could decrease the levels of C-reactive
protein. Same result is obtained in our study in the three groups (S, SHW and HW), hot water at
50C° has a potential effect to reduce inflammation but the decrease of CRP in animals
administered with sugar that mean that 50 g/65kg is not enough to induce the inflammation but
could induce the lipid profile during 21days.
Furthermore, we reach that the concentration of GSH was increased in response to the oral
crystallize sugar administration when compared to the other groups (C, HW). Our results is not
agree with the results of Aklil et al. (2017) who mentioned that the concentration of GSH was
decreased in mice administered with L-methionine (500mg/kg ). On the other hand we detected
that the concentration of GSH was almost nearly the same in groups of animals treated with hot
water and control group.
Glutathione reduced is a tripeptide, y-L-glutamyl-L-cysteinyl-glycine.The sulfhydryl group

(—SH) of the cysteine is involved in reduction and conjugation reactions that are usually

-




considered as the most important functions of GSH. These reactions provide the means for
removal of peroxides and many xenobiotic compounds; however, GSH is also involved in
regulation of the cell cycle (Meister, 1992).

A catalase is one of the crucial antioxidant enzymes that attenuates oxidative stress to a
considerable extent by destroying cellular hydrogen peroxide to produce water and oxygen.
Deficiency or malfunction of catalase is postulated to be related to the pathogenesis of many age-
associated degenerative diseases like diabetes mellitus, hypertension, anemia, vitiligo,
Alzheimer’s disease, Parkinson’s disease, bipolar disorder, cancer, and schizophrenia (Ankita,
2019).

Our result presented a decrease of CAT values from liver in the groups (S and SHW) compared
to the control group. The liver releases CAT and GSH mainly into the system blood as part of an
interorgan turnover there by maintaining a thiol redox balance in the plasma (Slimani, 2021).
Tailoring of microbial fermentations has been extensively used to increase the yield and
productivities of large number of bioprocesses (Khanna and Srivastava, 2005). All the tested
carbon sources were found to support bacterial growth and enzyme synthesis, however sucrose
was adjudged as the best source for the catalase synthesis (29,000 IU/mg of cells) from
Geobacillus sp. BSS-7. The increase in sucrose concentration in medium up to 1 % (w/v) causes
an increase in the catalase production (33,600 1U/mg of cells) and thereafter, the enzyme activity
declined (Kauldhar and Sooch, 2005). Likewise, we detected a depletion in the catalase
concentrations in the group of animals treated with hot water. This is the first study carried on
the interaction of high consumption of crystallize sugar and hot water on antioxidants in

cardiovascular disease which need more investigations.
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Conclusion and future work

In this research we estimated the interaction between high consumption of crystallize sugar and
hot water 50C° on cardiovascular disease. There is a variation in weight during three weeks of

the experiment and corrections of CRP and lipids.

We conclude that eating too much sugar more than 50g/65kg could increase the lipid profile.
Additional studies are required to explore the beneficial therapeutic implication of hot water for

the treatment of cardiovascular disease.
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Summary

Sugars occur naturally in our DNA, as well as in fruit, vegetables, honey, sugar beet and sugar
cane. Animals provide us with sugars too, in dairy products for example. Sugars are part of the
carbohydrate family, alongside starch and cellulose, and are central to the energy metabolism of

living beings.

Researchers found that a higher intake of sugar was associated with increased cardiovascular
disease (CVD).

In the present study , we evaluated in vivo the interaction of crystallize sugar and hot water at
50°C on cardiovascular disease during 21 days in mice , which was evaluated by using the

detection of lipids ,CRP and antioxidants.

The results showed that hot water at 50°C could decrease the levels of CRP, T-ch, TG, and
VLDL and increase the level of HDL-c, which reduce the deposition of lipids on artery. And an
increase of GSH in groups administered with crystallize and crystallize sugar and treated with

hot water. However, the level of GSH and catalase was low in the group treated with hot water.

Therefore, we considered that hot water at 50°C is a natural preventive treatment for decreasing

the lipid profile and CRP in cardiovascular diseases.

Key words: Cardiovascular disease, Crystallize sugar, Lipids profile, CRP, antioxidants.
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Résumé

Les sucres sont naturellement présents dans I’ADN, ainsi que dans les fruits, les légumes, le
miel, la betterave et la canne a sucre. Les animaux nous fournissent aussi des sucres, dans les
produits laitiers par exemple. Les sucres font partie de la famille des glucides, dans I'amidon et

de la cellulose, et sont une source du métabolisme énergétique des étres vivants.

Les chercheurs ont constaté qu'une consommation excessive en sucre est associée a une

augmentation des maladies cardiovasculaires (MCV).

Dans la présente étude, nous avons étudié in vivo l'interaction du sucre cristallisé et de l'eau
chaude & 50°C sur I'inflammation des maladies cardiovasculaires pendant 21 jours chez la

souris. Nous avons évalué les statuts lipidiques, la CRP et les antioxydants.

Les résultats ont montré que I'eau chaude a 50°C a fait baisser les niveaux de CRP, T-Ch,TG,
VLDL et a augmenter le niveau de HDL-c qui réduit le dépdt de lipides sur l'artére. En outre,
une élévation du GSH dans les groupes d’animaux nourris avec du sucre cristallisé et cristallisé
et de I'eau chaude a été constaté. En revanche, le niveau de GSH et de catalase était faible dans
le groupe traité par I’cau chaude. Par conséquent, nous avons considéré que I'eau chaude a 50°C
est un traitement préventif naturel pour diminuer le profil lipidique et la CRP dans les maladies

cardiovasculaires.

Mots clés. Maladies cardiovasculaires - Sucre cristallisé - Lipides - CRP - Antioxydants

Eau chaude.
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Annex

1. Preparation of solutions

1-NaCl
0.9 g— 100 ml
X g — 1000 ml
0.9 g x1000 ml/100 mI=9 g

2-formol 10%
(10 ml formol (37%) + 27 ml of distilled water.)

3-TBS
((Tis (3.028g) + NaCl (4.383g)) on 500 ml distilled water) (PH=7.4)

4- Bradford
Coomassie blue (0.1g) in Ethanol (50ml) (agitate 2h) + Orthophosphoric acid (100ml) + Distilled
Water (850ml)

5- BSA

BSA (0.001g) + distilled water (1ml)

6-TBS
(NaH,PO, (5.9959) + Na,HPO, (7.098 g)) in 500ml distilled water on PH=7.5

7- Sulfosalic acid
Sulfosalic acid (0.25 g) —100ml distilled water

8- Tris-EDTA
Tris (6.06g) + EDTA (0.96g) — 12.5ml distilled water

9- DTNB
DTNB (0.1g) — 25ml Methanol
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Summary

Sugars occur naturally in our DNA, as well as in fruit, vegetables, honey, sugar beet and sugar cane.
Animals provide us with sugars too, in dairy products for example. Sugars are part of the carbohydrate
family, alongside starch and cellulose, and are central to the energy metabolism of living beings.
Researchers found that a higher intake of sugar was associated with increased cardiovascular disease
(CVD).

In the present study , we evaluated in vivo the interaction of crystallize sugar and hot water at 50°C on
cardiovascular disease during 21 days in mice , which was evaluated by using the detection of lipids ,CRP

and antioxidants.

The results showed that hot water at 50°C could decrease the levels of CRP, T-ch, TG, and VLDL and
increase the level of HDL-c, which reduce the deposition of lipids on artery. And an increase of GSH in
groups administered with crystallize and crystallize sugar and treated with hot water. However, the level of
GSH and catalase was low in the group treated with hot water.

Therefore, we considered that hot water at 50°C is a natural preventive treatment for decreasing the lipid

profile and CRP in cardiovascular diseases.

Key words: Cardiovascular disease, Hot water, Crystallize sugar, Lipids profile, CRP, antioxidants.
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