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Introduction

The term sugar is used to designate the different carbohydrates which are characterised by having
a sweet taste (Jana et al., 2015).

Researchers have concentrated on the properties of sugar, and in particular in fructose. This
monosaccharide forms with glucose the sucrose, a disaccharide more commonly known as “table
sugar” (Thornley et al., 2012). Sugar is considered one of the most elemental nutrients for
humans; it may lead to disruption of signaling network and could be associated with some
pathological stats, such as cancer, cardiovascular and similarly with inflammatory complication
(Jana et al.,, 2015). Increased fructose consumption can lead to increase in inflammatory
biomarkers (Aeberli et al., 2011).

Cardiovascular diseases are still the primary cause of mortality worldwide, with high blood
pressure and type 2 diabetes. In parallel with the rise in cardiovascular disease incidence, the
consumption of sugar has increased. Sugar is potential contributors to weight gain and increase
the risk for elevations in blood pressure, type 2 diabetes, coronary heart disease, stroke, prevents
triglycerides (a type of blood fat associated with cardiovascular disease) from being broken down
and lowers the level of HDL cholesterol the “good” cholesterol in the body while raising LDL
“bad” cholesterol levels (Thornley et al., 2012).

Atherosclerosis is a dominant cause of cardiovascular. It is a syndrome affecting arterial blood
vessels, a chronic inflammatory response in the walls of arteries, in large part due to the
accumulation of macrophage cells and promoted by low density lipoproteins LDL is commonly
referred to as a hardening or furring of the arteries. It is caused by the formation of multiple

plaques within the arteries (Jagdish, 2009).

In this thesis we analyse the relationship between sugar and cardiovascular disease, to answer the
following question: is the consumption of sugar, in large quantities, associated with a higher risk

of suffering from a cardiovascular disease?
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I.Sugars
I.1.Definition of Sugar

Sugars are white crystalline carbohydrates that are soluble in water and generally have a sweet
taste. The commercial sugar is the disaccharide sucrose (white sugar or table sugar) (Kamal and

Klein, 2011), and it is ever present in the modern world and is estimated to be found in 75% of

packaged foods (White, 2018).

The simplest sugars consist of a single monosaccharide. They include glucose, fructose, and
galactose (Asif et al., 2011). Glucose is the major sugar that is mobilized from mammalian
energy reserves (Manolescu et al.,, 2007).They are important for every-day life biological
functions such as provide in energy for running vital roles of the living body (Kamal and Klein,

2011).

I.1.1.Carbohydrates

I.1.1.1.Definition

Carbohydrates are the main source of energy that is ingested by the human body (Jéquier,
1994).They are biological molecules made of carbon, hydrogen, and oxygen in a ratio of roughly
one carbon atom (C) to one water molecule (H20).This composition gives carbohydrates their
name: they are made up of carbon (carbo-) plus water (-hydrate) ( Raven et al.,2014).

The formula for carbohydrates is (CH,O)n. Structurally carbohydrates are polyfunctional
compounds. They contain two types of functional groups hydroxyl and carbonyl. They may be
polyhydroxy aldehydes or polyhydroxy ketones (Mondal, 2017).

Formation of carbohydrates in nature occurs in green plants by a process called photosynthesis,
plant containsthe green pigment chlorophyll, which catalyses the conversion of carbon dioxide
and water into sugar (Mondal, 2017).

Chlorop hyll

6COz+ 6H20 + Solar energy » Cs(H20) + 60:-1

I.1.1.2.Chemical structure of carbohydrate

Carbohydrates chains come in different lengths, and biologically important carbohydrates belong

to three categories: monosaccharides, disaccharides, and polysaccharides (Raven et al., 2014).
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A.Monosaccharides

The basic building block of carbohydrates is the monosaccharide, which consists of six carbon
atoms (Wakim and Grewal , 2021), (mono = one, saccharide = sugar) are simple sugars, the
most common of which is glucose. Monosaccharides have a formula of (CH,O)n. from which

disaccharides, oligosaccharides, and polysaccharides are constructed (Khowala et al., 2008).

Simple monosaccharides (C,(H,0),) are classified according to the number of their C atoms (n)
(Neuman, 2013). Monosaccharides contain a single polyhydroxy aldehyde or ketone unit.
 If the sugar has an aldehyde group, meaning that the carbonyl C is the last one in the chain, it

1s known as an aldose.

* If the carbonyl C is internal to the chain, so that there are other carbons on both sides of it, it

forms a ketone group and the sugar is called a ketose.

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) (Mondal,

2017) (Figure 1).

Monosaccharides
alaose ketose triose pentose hexose
glyceraldehyde dihydroxyacetone glyceraldehyde ribose glucose
H o H H O H O H O
N C/ | N C/ N C/ g C/
| H—— C——OH | | |
H—— C——OH | H—— C——OH H—— C——OH (A —-@)5]
| t=a | | |
H—— C——OH | H—— C——OH H—— C——OH HO——C ——H
H—— C——OH |
H | H H—— C——OH H——+C—-0H
: | |
H—— Cc——OH (e ———e]l
H H—— C—OH
H

Figure 1: Monosaccharides are classified based on the position of the carbonyl group and the number of

carbons in the backbone (web sitel).
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B. Disaccharides

A disaccharide is a carbohydrate formed by the joining of two monosaccharides (Wakim and
Grewal, 2021). They have 12 carbon atoms, and their chemical formula is C;;H»,0,; (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

(Wakim and Grewal, 2021) (Figure 2).
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).

They are also referred to as complex carbohydrates, they are found in living things, they serve as
energy storage such as starch and glycogen and as structural components (chitin in insects and

cellulose in plants) (Wakim and Grewal , 2021).
I1. Inflammation
I1.1.Definition

The word inflammation comes from the Latin "inflammo", meaning "I set alight, I ignite»
(Christian, 2015),it is derived from the Latin "inflammare" meaning « to burn ». Inflammation is
a local response (reaction) of living vascularized tissues to endogenous and exogenous stimuli
(Altameemi and Mohammed, 2019).

Inflammation underlies a wide variety of physiological and pathological processes (Ruslan,
2008). It is a biological reaction to a disrupted tissue homeostasis (Noah et al., 2012), and it is
critical for the development of many complex diseases and disorders including auto-immune
diseases, metabolic syndrome, neurodegenerative diseases, cancers, and cardiovascular diseases

(Masaaki and Toshio, 2012).

I1.2.Mechanism of the inflammation

The inflammatory response (inflammation) occurs when tissues are injured by bacteria, trauma,
toxins, heat, or any other cause. They are essential for the maintenance of normal tissue
homeostasis. The primary purpose of the inflammation response is to eliminate the pathogenic

insult and remove injured tissue components (Fantone and Ward, 1999).
4
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Sucrose
ee-o-Glucopyranosyl-(1 - 2)-p-o-fructofuranose

CH,OH CH>OH

Lactose
KB-D-Galactopyranosyl-(1 —4) o-p-glucopyranose

CH20H CH2OH
i D R
H \

H H " OH

Maltose
N -o-Glucopyranosyl-(1 —» 4)-a-p-glucopyranose

Figure 2: Common disaccharides include maltose (malt sugar), lactose (milk sugar), and sucrose (table

sugar) (Berg et al., 2002).
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I1.3.Types of inflammation

A. Acute inflammation

Acute inflammation is the immediate and early response to injury designed to deliver leukocytes

to sites of injury (Mitchell and Cotran, 2003).

Vijay, 2018 reported that, acute inflammation is initiated by cells, such as mast cells that
recognize pathogen-associated molecular patterns (PAMPs) with toll-like receptors, but other

cells like natural killer (NK) cells can trigger inflammation as well (Vijay, 2018).

Mast cells detect injury to nearby cells and release histamine, initiating an inflammatory
response. Histamine increases blood flow to the wound site, and increased vascular permeability
allows fluid, proteins, phagocytes, and other immune cells to enter infected tissue (Vijay,

2018)(Figure3) and (Figure 4).
I1.4. The vascular and cellular response to inflammation

A. vascular response

The vascular phenomena are transient vasoconstriction mediated by thromboxane to prevent
possible bleeding and it is stimulated by vasoactive agents such as catecholamines, serotonin,
bradykinin, and prostaglandins that are released from surrounding tissues and by norepinephrine
released by the sympathetic nervous system (Lawrence, 1998). Within minutes, vasodilation
mediated by vasoactive amines such as (histamine), nitric oxide (NO) (Maiorana et al., 2003),
prostraglandin as, kinins and fragments complement (C3a and C5a) to keep the blood
concentrated, and thus have a greater number of leukocytes to the inflammatory process and
increase the permeability to assist in the output cells of the immune system (Lawrence and

Gilroy, 2007).

During inflammation, large proteins in the bloodstream, such as serum albumins, can leak out and
into the tissues. Water follows these proteins due to the force of oncotic pressure that the proteins
exert (Scallan et al., 2010). This is called exudate, a form of edema. As exudate accumulates
within the tissues, they become swollen. The exudate may carry antimicrobial proteins and
antibodies into the tissues, and stimulates lymphatic drainage (Altameemi and Mohammed,

2019) (Figure 5).
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Figure 3: Mast cells in acute inflammation (Kumar et al., 2009).
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Figure 4: A flowchart depicting the events of acute inflammation (Robbins et al., 2020).
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B. Cellular response

The predominant cell of acute inflammation is the neutrophil. They are attracted to the site of
injury by the presence of chemotaxins, the mediators released into the blood immediately after

the insult (Herrington, 2014).

The migration of neutrophils occurs in four stages (Figure 6):

» Margination : cells line up against the endothelium.

* Rolling : close contact with and roll along the endothelium.

* Adhesion : connecting to the endothelial wall.

* Emigration : cells move through the vessel wall to the affected area.

Once in the region, neutrophils recognise the foreign body and begin phagocytosis, the process
whereby the pathogen is engulfed and contained with a phagosome. The phagosome is then
destroyed via oxygen-independent (e.g. lysozymes) or oxygen-dependent (e.g. free radical

formation) mechanisms.

Following the process of acute inflammation, there are several possible results:
* Complete resolution with total repair and destruction of the insult

* Fibrosis and scar formation occurs in cases of significant inflammation

* Chronic inflammation from a persisting insult

» Formation of an abscess (web site 2).
I1.5. Diagnosis of inflammation

Pathology exam is the gold standard for disease diagnosis. The pathological characteristics of
acute and chronic inflammation are clear. (Figure 7 and Figure 8 are respective slides for

inflammation) (Mitchell and Cotran, 2003).

In addition to local symptoms, such as edema, pain, reddish, inflammation also has systemic

symptoms. Some of them can be used as diagnosis index ( LeiYu, 2003).
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Figure 5: Vascular phenomena of inflammation (Kumar et al., 2009).
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Figure 6: Neutrophil extravasation (Leukocyte extravasation is a multistep process orchestrated by both

hemostatic and cell—cell interactions) (Kumar et al., 2009).
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Figure 7: Acute inflammation, showing the multilobed polymorphonuclear cell infiltrate

(myocardium) (Mitchell and Cotran, 2003).

N: Neutrophil cells

Figure 8: chronic inflammation in the lung, showing the three characteristic (Mitchell and Cotran,
2003).

(1) Collection of chronic inflammatory cells (*) , (2) Destruction of parenchyma (normal
alveoli are replaced by spaces lined by cuboidal epithelium [arrowheads]) (3) Replacement

by connective tissue (fibrosis) (arrows) .

10
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Clinically, higher temperature means there is inflammatory response in patient’s body. The
changes in the body fluid including blood are indexes of inflammation. For example, in bacteria
infection induced inflammation, the number of leukocyte multiply while the percentage of

neutrophils increases to more than 90% (LeiYu, 2003).

Another index of inflammation in body fluid is C- reactive protein (CRP); this protein level
increases during acute inflammation. But we can see here, all the indexes mentioned above are
general, and no one is pathogenically specific. So when make diagnosis of inflammation, the
reason that induces the inflammatory response should be identified. Thus, the correct therapy can

be delivered (LeiYu, 2003).

II1.C-reactive protein

II1.1. Definition

C-reactive protein (CRP) is one of the common test parameters used in clinical practice, to assess,
diagnosis, and prognosis inflammation. The C-reactive protein (CRP), belonging to pentraxin
family of proteins shows a 1000-fold or more increase in concentration during the occurrence of

an injury, inflammation or tissue death (Hirschfield and Pepys, 2003).

The C-reactive protein was first discovered as a substance in the serum of patients with acute
inflammation that reacted with the C- (capsular) polysaccharide of pneumococcus (Séverine et
al., 2004) .The plasma half-life of CRP is about 19 hours and is constant under all conditions of
health and disease (Srikantiaha, 2014).

II1.2. Production of C-reactive protein

C-reactive protein is produced in many sites within the human body, such as the liver in response
to IL-6. It is also produced in very limited concentration by non-hepatic cells like neurons,
atherosclerotic plaques, monocytes, Kupffer cells and lymphocytes (Hirschfield and Pepys,
2003) (Jialal et al., 2004) and (Kuta and Baum, 1986).

Studies have shown that epithelial cells of both respiratory tract and renal epithelium can also
produce CRP under certain circumstances (Gould and Weiser, 2001).

Cogent data have indicated that the protein is also produced by the atherosclerotic lesions
(especially by smooth muscle cells and macrophages), kidneys, neurons, and alveolar

macrophages (Venugopal et al., 2005).

11
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II1.3. Structure of C-reactive protein

C-reactive protein consists of five identical, non covalently associated ~23-kDa protomers
arranged symmetrically around a central pore. The term “pentraxins” has been used to describe
the family of related proteins with this structure. Each protomer has been found by x-ray
crystallography to be folded into two antiparallel B sheets with a flattened jellyroll topology
similar to that of lectins such as concanavalinA (Shrive et al., 1996) and (Thompson et al.,
1999).

It has a recognition face with a phosphocholine binding site consisting of two coordinated
calcium ions adjacent to a hydrophobic pocket. The co-crystal structure of CRP with
phosphocholine demonstrated that Phe-66 and Glu-81 are the two key residues mediating the
binding of phosphocholine to CRP (Thompson et al., 1999). The amino acid Phe-66 provides
hydrophobic interactions with the methyl groups of phosphocholine whereas Glu-81 is found on
the opposite end of the pocket where it interacts with the positively charged choline nitrogen

(Black et al., 2004) (Figure9).

I11.4. Dosage and detection of C-reactive protein

In the beginning, CRP plasma levels were determined by serum-agglutination performed in latex
particles in a slide. This assay allowed a semi-quantitative determination, with a subjective
interpretation. Later, quantitative methods for CRP quantification were developed through

immunoturbidimetry and nephelometry (Lima et al., 2000).

Due to the low sensitivity of these methods on detection of low levels of inflammation, in the 90s
a high sensitivity nephelometry method for detection of very low levels of serum CRP was
developed, called high sensitivity CRP (hs-CRP). This is the ideal laboratory method in use to
determine cardiovascular risk linked with chronic systemic vascular inflammation of
atherosclerosis, having a detection limit of 0.3 mg/l (Silva and Lacedra, 2012).

I1L.5. Functions of C-reactive protein

C-reactive protein levels are known to increase dramatically in response to injury, infection, and
inflammation (Pradhan et al., 2001) Furthermore, soluble and immobilized CRPs have been
demonstrated to mediate the uptake of native low density lipoprotein (LDL) into macrophages.
The main role of CRP in inflammation tends to focus around the activation of the C1q molecule

in the complement pathway leading to the opsonization of pathogens (Baumeister et al., 2016).

12
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Figure 9: Crystal structure of C-reactive protein complexed with phosphocholine, calcium ions are
yellow and phosphocholine is green (Thompson et al., 1999).
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Although CRP can initiate cell-mediated pathways by activating complement as well as to
binding to Fc receptors of IgG It is binds to Fc receptors with the resulting interaction leading to

the release of pro-inflammatory cytokines (Pradhan et al., 2001).

On the contrary, the degradation of CRP yields small soluble bioactive peptides that inhibit many
of the pro-inflammatory and tissue destructive potential of neutrophils. These peptides are
possibly involved in signal transduction pathways leading to neutrophil activation (Baltz and
Pepys, 1983).

C-reactive protein (CRP), therefore is an important molecule in the host’s innate immune system
and in the protection against autoimmunity (Sérvine et al., 2004). It is well established that CRP
is an acute marker of inflammation and that its concentration increases in circulation during
inflammatory events where could deposited at sites of inflammation and tissue damage in both

naturally occurring and experimental conditions (Ashworth and Sproston, 2018).
I11.6. C- reactive protein and cardiovascular disease

Over a dozen major studies demonstrate that baseline levels of CRP in apparently healthy men
and women are highly predictive of future risk of heart attack, stroke, sudden cardiac death, and
the development of peripheral arterial disease. Doctors also know that CRP levels predict
recurrent coronary events among patients who already suffer from heart disease and that the
prognosis of patients in the acute phase of a heart attack is tightly linked to CRP levels (Paul and
Ridker, 2003).

Individuals with elevated levels of CRP have a risk about 2 to 3 times higher than the risk of
those with low levels. It is important that your physician request a “high-sensitivity” test for CRP

if he or she is using CRP for the purpose of cardiovascular risk assessment (Libby et al., 2002).

This is because older tests for CRP, which are adequate for monitoring severe inflammatory
conditions, do not have the ability to measure levels accurately within the range needed for
cardiac risk detection (Libby et al., 2002). The hs-CRP is the most widely evaluated biomarker
in the quest for an ideal biomarker for global cardiovascular disease (CVD) risk prediction

(Ridker, 2003) (Table 1).

14
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Table 1: The relationship between hs-CRP plasma concentrations and the risk factor (Ridker, 2003)

Risk degree hs-CRP concentration
(mg/L)
Low risk <1
Intermediate risk 1-3
High risk >3

Several studies confirm that hs-CRP predicts cardiovascular events in healthy women and men
(Ridker et al., 2000), in individuals with traditional risk factors (Kuller, 1996) or with CVD
(Haverkate et al., 1997). The capacity of hs-CRP to predict CVD risk is independent from
traditional risk factors (Ridker et al., 2000). The protein (hs-CRP) is an additional risk factor for
coronary artery disease when associated with high plasma levels of cholesterol (Jialal and

Devaraj, 2001).

For many years, CRP was used as a complementary method for diagnosis of inflammatory
processes of any nature. Meanwhile, with the discovery of inflammatory components involved in
cardiovascular events, mainly atherosclerosis, CRP was assigned as a risk indicator for coronary
disease and cerebral vascular accidents, being an inflammatory marker considered strong

predictor that is independent of the risk for cardiovascular event or death (Bezerra et al., 2008).
IIL. 7. Sugar and inflammation

One of the reasons inflammation occurs is from a rapid rise in blood sugar, which causes

biochemical changes in the cell (Pacholyk, 2006).

According to observational data reports, it has been consistently reported that dietary sugar intake
(more specifically, sugar-sweetened beverages) may be one stimulus of subclinical inflammation,
as measured by the inflammatory marker C-reactive protein (CRP) (De Koning et al., 2012).

Pacholyk, 2006 reported that, people with elevated CRP levels were four and one half times
more likely to have a heart attack. Central to the potentially relevant mechanisms is the fact that
dietary sugar promotes de novo synthesis of free fatty acids (FFA) in the liver (Softic et al.,
2016). On the other hand (Houston and Minich, 2015) (Malik and Hu, 2015) reported that
fructose it does not stimulate insulin secretion, provides a rapid substrate for lipid synthesis, and

may increase uric acid concentrations and stimulate endogenous inflammatory glycated products.
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It has been postulated that dietary sugar consumption contributes to increase inflammatory

processes in humans (Chung et al., 2014).
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IV.Cardiovascular system

IV.1. Anatomy of the heart

The human heart has a weight of approximately 250-300 g and a size similar to a closed fist The
heart is positioned in the thorax surrounded by a fibrous sac, the pericardium. The external layer
of the heart tissue is called the epicardium and the innermost layer in connection to the ventricles
the endocardium. The tissue between the two aforementioned layers, the myocardium, is
responsible for ventricular contraction and consists of muscular tissue (Tortora and Grabowski,

2003).

IV.1.1. The chambers of the heart

The heart is made up of four chambers. The superior chamber consists of the right atrium and the
left atrium, which lie primarily on the posterior side of the heart (Bernet al., 1997).

Blood drains into the atria from the pulmonary and systemic circulatory system. Composing the
lower chambers are the right ventricle and left ventricle, which are much larger than the atria. The
right ventricle pumps blood through the pulmonary circulatory system and the thicker walled left
ventricle pumps blood through the longer systemic circulatory system. Internally, the two
ventricles are separated by a thick myocardial wall called the interventricular septum
(Christoffels et al., 2000).

On the anterior surface of the heart, the interventricular septum is marked by a shallow diagonal
groove known as the anterior interventricular sulcus, which is occupied the anterior
interventricular artery, great cardiac vein and adipose tissue. On the posterior surface of the heart,
the ventricles are separated by the posterior interventricular sulcus, which contains the posterior
interior artery, middle cardiac vein and adipose tissue (Kalaria et al., 2002).

IV. 1.2. The heart valve anatomy

Four valves maintain the unidirectional flow of blood through the heart. The valves are located
between each atrium and ventricle and in the two arteries that empty blood from the ventricle

(Charitos and Sievers, 2013).

A. The tricuspid valve
The Tricuspid valve (right atrioventricular) is composed of three caps or flaps and controls blood
flow from the right atrium to the right ventricle (Greenspan et al., 1980).
B. The bicuspid valve
The bicuspid valve is made up of two cusps or flaps and controls blood flow from the left
atrium to the left ventricle (Padala et al., 2010).
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C. Semilunar valves

The semilunar valves (pulmonary valve and aortic valve) are one-way valves that separate the
ventricles from major arteries. The aortic valve separates the left ventricle from the aorta, while
the pulmonary valve separates the right ventricle from the pulmonary artery. As the ventricles
contract, ventricular pressure exceeds arterial pressure, the semilunar valves open and blood is
pumped into the major arteries. However, when the ventricles relax, arterial pressure exceeds
ventricular pressure and the semilunar valves snap shut. This is due to the elevated pressures in
the aorta and the pulmonary artery pushing the blood back toward the ventricles to close the
semilunar valves (EL-houry et al., 2014).

The four heart valves open and close in response to pressure changes that occur in the ventricles
during each cardiac cycle (Lachman et al., 2002) (Figurel0).

I1V.1.3. Pericardic membrane

The pericardium is a fibrous serosal conical sac enclosing the roots of the aorta and the
pulmonary artery (Chinchoy, 2005).

In humans, pericardium is located inside the middle mediastinum posteriorly to the sternum and
the cartilages of the third to seventh left rib. Pericardium isolates the heart from the adjacent
tissues, allowing it's free movement within the boundaries of the pericardial cavity and is filled
with a small amount of fluid which is called pericardial fluid (Chinchoy, 2005).

IV. 1.3.1. Anatomy and histology of pericardium

The pericardium consists of two layers: external sac of fibrous connective tissue, called fibrous
pericardium and an internal called serous pericardium. The latter coats the internal surface of the
fibrous pericardium and the heart (Randall and Ardell, 1985).

Arterial branches from thoracic aorta, right and left pericardiophrenic artery (internal mammary
artery branches), are responsible for the blood supply of the whole pericardium while the venous
drainage is accomplished through the venae pericardiales which drain to the azygos vein, to the
superior vena cava or to the brachiocephalic (Chinchoy, 2005).

The pericardium is innervated by the two phrenic nerves, each one giving an afferent branch
(pericardial branch) (Randall and Ardell, 1985), (Ardell and Randall, 1986) and (Chiou et al.,
1997).
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Figure 10: The structure of the heart (Marieb,2015).
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The thickness of the pericardium increases proportionally to the size of the heart and the
pericardial cavity, with the exception of humans who have considerably thicker pericardium
compared to the mammals with the same heart size (human 1-3.5 mm, sheep 0.32 £ 0.01 mm, pig

0.20 £ 0.01 mm) (D'Avila, 2003).

The parietal lamina of the serous pericardium is composed of a monolayer of flattened, squamous
like, mesothelial cells. Mesothelial cells rest on a thin basement membrane supported by
connective tissue stroma in a narrow submesothelial space (Ishihara et al., 1980)

(Mutsaers, 2002).

The connective tissue stroma contains variously oriented layers of collagen fibrils and small
elastic fibers (Mutsaers, 2002). The luminal surface of the mesothelial cells has well developed
microvillous border with occasional cilia. The latter bear friction and increase the surface area for
fluid transport. There are junctional complexes between adjacent mesothelial cells that consist of
desmosomes, which reinforce intercellular adhesion and zonulae occludents (Ishihara et al.,
1980).

Between the mesothelial cells of the parietal pericardium, not the epicardium, there are milky
spots, bulging toward the pericardial cavity. These structures are enclosed with cuboidal
mesothelial cells (Takada et al., 1991) (Mutsaers, 2002) and (Michailova and Usunoff, 2006).
These openings provide direct access to the underlying submesothelial lymphatic system
allowing rapid removal of fluid and cells from the pericardial cavity (Takada et al., 1991).

Inside the pericardial cavity and submesothelial layers of the pericardium, there are resident
macrophages, readily available in case of immunological response (Ishihara et al., 1980)

(Mutsaers, 2002) and (Michailova and Usunoff, 2006).
IV.1.4 Layers of the heart walls
The heart wall consists of three layers enclosed in the pericardium:

- Epicardium: the outer layer of the wall of the heart and is formed by the visceral layer of
the serous pericardium.

- Mpyocardium: the muscular middle layer of the wall of the heart and has excitable tissue
and the conducting system.

- Endocardium: the inner layer of the heart wall, composed of endothelial cells that provide

a smooth, elastic surface for blood collection and pumping (Marieb,2015) (Figurell).
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Figure 11: Different layers of heart wall and their composition (Frederic et al., 2003)

IV.1. 5. Coronary vascular

Coronary arteries supply oxygenated blood to the heart, and cardiac veins drain away the blood

once it has been deoxygenated (Betts, 2013).
A-The coronary arteries

The heart muscle, like every other part of the body, needs its own oxygen-rich blood supply.
Arteries branch off the aorta and spread over the outside surface of the heart. The right coronary
artery (RCA) supplies the bottom part of the heart. The short left main (LM) artery branches into
the left anterior descending (LAD) artery that supplies the front of the heart and the circumflex
(Cx) artery that supplies the back of the heart (Kalaria et al ., 2002).

B-The coronary venous

Coronary venous flow occurs during diastole and systole, and the coronary venous system drains
the myocardium of oxygen-depleted blood. The coronary venous system dominates the arterial
system; there are at least twice as many veins as arteries in human myocardial tissue (Hutchins et

al., 1986).

In general, veins are considered to be "low-resistance conduits”" to the heart and can alter their

capacity to maintain venous pressure (Spencer et al., 2013).
The coronary veins can be organized into 2 subgroups:
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1- The greater cardiac venous system is comprised of the coronary sinus and its tributaries, as
well as the anterior cardiac veins, atrial veins, and the veins of the ventricular septum (Ho et al .,

2004).

2-The smaller cardiac venous system, is comprised of the arterioluminal vessels and venoluminal
vessels, which are small vessels that drain directly into their respective heart chambers (Loukas

et al., 2009) (Figurel2).
IV.2. The anatomy of aorta

The term aorta is derived from the greek word aeiro, which means to raise. It is the first arterial
segment of the systemic blood circulation, directly connected to the heart.

The aorta is the largest artery in the human body with a diameter of 3 cm at its origin (ascending
aorta), 2.5 cm in the descending portion (thoracic aorta), and 1.82 cm in the abdomen (abdominal
aorta). In addition to the conduit function, the aorta also accomplishes a buffering function, its
visco-elastic compliance plays a pivotal role in regulating left ventricular performance,
myocardial perfusion and arterial function in the entire cardiovascular system (Nichols et al.,
2011) (Figure 13).

IV.2.1. Histology and morphology of the aorta

Similar to other vessels, extracellular matrix (ECM) components (elastin, collagen,
proteoglycans (PGs), fibronectin, fibrilin, etc.) ensure the aortic wall’s structural integrity,
whereas cells (endothelial cells, smooth muscle cells (SMC), fibroblasts, myofibroblasts, etc.)
maintain its metabolism. Specifically, the proteins elastin and collagen almost entirely define the
aorta’s passive mechanical properties, while SMCs are responsible for its active properties, and,
together with fibroblasts, also for the production of ECM components (Nichols et al., 2011).

The aorta should always be regarded as dynamic structure which, within certain physiologic
ranges, is able to adapt to functional needs. The aorta’s geometrical, histological and mechanical
properties change from the ascending aorta towards the abdominal aorta (Figure 15), likely to

maintain conditions for optimal mechanical operation (Rachev et al., 2013).
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Figurel4: Variation of geometrical properties and histological composition of the porcine aorta (Sokelis, 2007).

(a) Change of outer aortic diameter and thickness of medial and adventitial layers. Intimal layer thickness

covers less than 1% of the total wall thickness.

(b) Relative area density of elastin and collagen in medial and adventitial layers. The relative area density
represents the area covered by a constituent in histological stains. Asc.Thor. - Ascending thoracic aorta; Arch.

- Aortic arch; Desc.Thor. - Descending thoracic aorta; Abdominal .

A. Tunica intima
e Tunica intima delimits the vessel wall towards the lumen of the vessel and comprises its
endothelial lining called endothelium which is composed of squamous epithelium cells
organised longitudinally, joined by tight and gap junctions (Hengel, 2008).
B. Tunica media
e Layer of smooth muscle and variable amounts of connective tissue.

e A second layer of elastic fibers, the external elastic lamina, is located beneath the smooth

muscle.

e Components
o Elastin - fenestrated sheets or lamellae between muscle layers.
e Smooth muscle cells arranged in layers.

o Collagen fibre and ground substance (Hengel, 2008).
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C. Tunica adventitia
The tunica adventitia is a connective tissue rich in fibers; thin collagen fibers, elastic fibers,
fibroblasts, macrophages and with network of small blood vessels called vasa vasorum (Hengel,

2008) (Figure 15).
V. Atherosclerosis

V.1. Definition of atherosclerosis

Atherosclerosis has been derived from a greek word, athero meaning gruel (Virmani et al.,
2006), Felix Marchand in 1904 introduced the term “atherosclerosis” describing the assosciation
of fatty degeneration and vessel stiffening. The earliest lesion is the fatty streak, which evolve to
fibrous plaque and unstable plaque are responsible for clinical events (Aschoff, 1933).
Atherosclerosis (also known as arteriosclerotic vascular disease or ASVD) is the condition in
which an artery wall thickens as the result of a build-up of fatty materials such as cholesterol
(George and Johnson, 2010).

It is a syndrome affecting arterial blood vessels, a chronic inflammatory response in the walls of
arteries, in large part due to the accumulation of macrophage white blood cells and promoted by
low density (especially small particle) lipoproteins (plasma proteins that carry cholesterol and
triglycerides) without adequate removal of fats and cholesterol from the macrophages by
functional high density lipoproteins (HDL) (Maton et al., 1993).

V. 2. Atherosclorosis development

There are six types lesion of atherosclerosis as cited below:

1. The initial or type 1 lesion: consisting of lipids deposits in the intima.

2. Fatty streak or type II lesion: are visible as yellow colored streak, patches, or spots on the
intimal surface of arteries. Microscopically these lesions are characterized by intracellular
accumulation of lipids (foam cell).

3. The fatty streak progress to type III or intermediate lesion: this growth characterized by
extracellular pools of lipids.

4. Type 1V lesion or atheroma: the pools coalesce to create a core of extracellular lipids.

5. Type V lesion or fibro atheroma: the blood vessel architecture is destroyed, smooth cells
proliferation and collagen deposition.

6. Type VI lesion hemorrage or thrombus: thus resulting in vessel occlusion (Leon, 2004).
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V.3. Atherosclerosic plaque

The atherosclerotic plaque is cholesterol and fatty acid (Gerald and Daphne, 2012). In addition
to lipids, atheromata also contain leukocytes (Oliver and Filipe, 2013).

The formation of plaques constituted by a cholesterol rich core (atheroma) (Caroline et al.,
2017). The theroma , which is the nodular accumulation of a soft flaky, yellowish material at the
center of large plaques, composed of macrophages nearest the lumen of the artery surrounded by
a fibrous cap (sclerosis) (Jagdish, 2009). The histological classification describes the progression
of lesions: types I and II are early lesions (intimal thickening and fatty streaks), where as types Il
to VI lesions correspond to advanced lesions (fibro-lipidic, calcified and complicated plaques)
(Caroline et al., 2017).
V. 4. Atherosclerosis in cardiovascular disease

As the underlying cause of heart attack, stroke, and peripheral vascular disease, atherosclerosis is
the major cause of death and morbidity in the United States and the industrial world
(Mozaffarian et al., 2015). atherosclerosis is an inflammatory disease has led to tremendous
progress in our understanding of the pathogenesis of atherosclerosis (Ross, 1999).
V. 5. Inflammation in atherosclerosis

Over years an understanding of the importance of inflammation during all stages of
atherosclerosis, from its inception through its progression and its final complication of
thrombosis, has greatly increased (Libby, 2002).

Under normal conditions, the endothelial cells of the arterial wall resist adhesion and aggregation
of leukocytes and promote fibrinolysis. When activated by stimuli such as hypertension,
smoking, an unhealthy diet, obesity, insulin resistance or inflammation, the endothelial cells
express a series of adhesion molecules that selectively recruit various classes of leukocytes, blood
monocytes, the most numerous of the inflammatory cells that populate plaques, adhere to the
dysfunctional endothelial surface by binding to leukocyte adhesion molecules not expressed by
normal endothelial cells, but induced by mediators associated with risk factors such as pro-
inflammatory cytokines, angiotensin II, and oxidized lipoproteins (Figure 16). Once the

monocytes adhere to the activated endothelium, pro-inflammatory proteins known as chemokines
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Figure 16: Mononuclear phagocytes in atherogenesis (Libby et al., 2002).
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provide a chemotactic stimulus that induces them to enter the intima. Within the intima, the
monocytes mature into macrophages, which express scavenger receptors that allow them to
engulf modified lipoprotein particles. The cytoplasm becomes engorged with lipid particles,
giving the macrophages the typical microscopic frothy appearance of the foam cells found in
atherosclerotic lesions. The macrophages proliferate within the intima, sustaining and amplifying
the inflammatory process by releasing several growth factors, cytokines, and enzymes that can
destroy the arterial extracellular matrix, such as metalloproteinases (MMPs) and the procoagulant
tissue factor (TF) (Libby, 2002) (Rader and Daugherty, 2008).

Examples of specific mediators involved in initiation of atherosclerotic plaques include vascular
cell adhesion molecule-1 (VCAM-1) (Cybulsky and Gimbrone, 1991) (Li et al., 1993).

The chemoattractant cytokine, monocyte chemoattractant protein-1 (MCP-1) interacts with the
monocyte chemokine receptor CCR2, recruiting the monocytes to the arterial endothelium and
facilitating their entry between endothelial cells by diapedesis (Gu et al., 1998).

One key mediator of monocyte maturation into macrophages within the intima, macrophage
colony-stimulating factor, increases in experimental and human atherosclerotic lesions and can
induce scavenger receptor expression (Clinton et al., 1992).

VI. Association between sugar consumption on cardiovascular diseases and

hypertension
VI .1. Sugar and cardiovascular diseases

Convincing evidences show that altered plasma glucose levels are associated with cardiovascular
(CV) morbidity and mortality in the general population and in diabetic individuals (Booth et al.,
2006). The overall risk of CV disease for people with diabetes is two to three fold higher in men,

and three to five fold higher in women as compared to non-diabetic (Juutilainen et al., 2008).

Hyperglycemia increases the CV risk, this can already be apparent at the time of the diagnosis of
diabetes. Based on epidemiologic data, CV risk is already increased 15 years prior to the
development of overt hyperglycemia (Fukuo et al, 1988), so that a continuous relationship

between blood glucose and CV risk has been suggested (Coutinho et al., 1999).

To further increase the risk, altered glucose levels are often associated with other CV risk factors
as indicated by the high prevalence of the metabolic syndrome among individuals with pre and

manifest diabetes (Isomaa et al 2001).

Chronic ingestion of high dose sugar has been linked to obesity, metabolic syndrome, type 2

diabetes, cardiovascular disease, some cancers, Alzheimer’s disease, and cellular aging. There
29



Chapter 2: sugar and cardiovascular diseases Bibliographic part

has been much discussion regarding the relative contribution of various dietary factors to the
development of coronary heart disease (CHD). Since the 1960s, much of the focus has been on
dietary and metabolic fats (White, 2018).

Yudkin and colleagues in the 1960s and 1970s found that a higher intake of sugar was associated
with increased cardiovascular diseases (CVD) (Howard and Wylie-Rosett, 2002), the other
study was defined by Ancel Keys’ hypothesis that dietary fat was the primary causative agent.
Medicine embraced fat as the primary causative agent and discounted or essentially ignored the
possibility that refined sugar might be a salient contributor to this problem (White, 2018).
Historical documents from the Sugar Research Foundation, a pro-sugar trade organization, found
that industry sponsored research in the 1960s and *70s was successful in casting doubt on the
possibility that refined sugar was partially responsible for the observed increase in coronary heart
disease (CHD), while promoting dietary fat as the offender (Kearns et al., 2016). Recently, in the
Nurses Health Study, a positive association between sugar sweetened beverage (SSB) intake and

risk of coronary heart disease (CHD) (Fung et al., 2009).

Sugar sweetened beverage (SSB) may lead to weight gain as a result of incomplete compensation
for liquid calories at subsequent meals, resulting in positive energy balance. Independently of
weight gain, SSBs may increase the risk of metabolic syndrome (MetSyn), type 2 diabetes
(T2DM), and cardiovascular disease because of their large contribution to a high dietary
glycemic load (GL) and large fructose fraction, leading to the development of insulin resistance,
beta cell dysfunction, inflammation, hypertension, visceral adiposity, and atherogenic

dyslipidemia (Malik and Hu., 2015) (Figurel7 ).

Gerald and Daphne, 2012 reported that, atherosclerosis is associated with diet and tobacco. In
“Westernized” societies the disease begins in childhood and progresses inexorably unless
lifestyle is changed (Hsu et al., 1995).

Also Ridker et al., 2009 reported that, a number of factors such as diet, tobacco, and inactivity

could inactivate the nitric oxide and cause endothelial dysfunction.
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Figurel7: Sugar sweetened beverage (SSB) consumption and Cardiovascular Risk (Malik and Hu.,
2015)
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VI .2. Sugar and hypertension

Hypertension is generally defined as a blood pressure greater than 140/90mmHg. Blood pressure
should be brought closer to what’s considered optimal: 120/80. An elevated blood pressure raises
the risk for heart attack and stroke (Seriki, 2017).

VI .2.1 Types of hypertension

There are two primary hypertension types. For 95% percent of people with high blood pressure,
the cause of their hypertension is unknown; this is called essential or primary hypertension. When

a cause can be found, the condition is called secondary hypertension (Stanley et al., 2009).
A-Essential hypertension

Essential of hypertension is diagnosed after blood pressure remains high after about three or more
measurements and all other causes of hypertension are eliminated. Usually people with essential
hypertension have no symptoms, but may experience frequent headaches, tiredness, dizziness, or
nosebleeds. Researchers have observed that obesity, smoking, alcohol, diet and heredity all play a
role in essential hypertension (Seriki, 2017).

Animal studies in which rats were fed high doses of fructose and acute ingestion studies in which
humans were fed high doses of different sugars, and more recently, epidemiological studies, such
as the Framingham Heart Study, in which consumption of >1 soft drink per day significantly
increased the odds of developing high blood pressure (Nguyen et al., 2016).

Nonetheless, results from studies in humans are inconsistent, (Vander et al., 1999) and the

chronic effects of a high intake of simple sugars on blood pressure remain uncertain (Hallfrischet

et al., 1983).

The fact is that an underlying cause of high blood pressure is often related to production of too
much insulin and leptin in response to a high-carbohydrate and processed food diet. As insulin
and leptin levels rise, it causes blood pressure to increase. Eventually, there may become insulin
and/or leptin resistant (Seriki, 2017).

The physiology behind it is that insulin stores magnesium, but if its receptors are blunted and the
cells grow resistant to insulin, the body can’t store magnesium, so it passes out of the body

through urination.

32



Chapter 2: sugar and cardiovascular diseases Bibliographic part

Magnesium stored in the cells relaxes muscles. If magnesium level is too low, the smooth muscle
of the blood vessels will be unable to fully relax, and this constriction raises blood pressure

(Marianne et al., 2010).

Fructose also elevates uric acid, which drives up blood pressure by inhibiting the nitric oxide in
the blood vessels; in fact, fructose typically generates uric acid within minutes of ingestion

(Porto et al., 2011).

Nitric oxide helps blood vessels maintain their elasticity, so nitric oxide suppression leads to
increases in blood pressure. So any program adapted to address high blood pressure needs to help
normalize both insulin/leptin sensitivity and uric acid level. Eliminating excess sugar/fructose
from diet has incidentally been found to address all these three issues (insulin, leptin, and uric

acid) in one fell swoop (Seriki, 2017).
B-Secondary hypertension

Secondary hypertension is an abnormality in the arteries supplying blood to the kidneys. Other
causes include airway obstruction during sleep, diseases and tumors of the adrenal glands,
hormone abnormalities, thyroid disease, and too much salt or alcohol in the diet. Drugs can cause
secondary hypertension, including over-the-counter medications such as ibuprofen (Motrin,
Advil, and others) and pseudoephedrine (Afrin, Sudafed, and others). If the cause is found,
hypertension can often be controlled (Siyad, 2011).
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Conclusion

Conclusion and future work

In this thesis we have researched the association of sugar consumption on cardiovascular

diseases.

Some researchers demonstrated that high consumption of sugar has been implicated in the
development of hypertension, hyperlipidemia and obesity, all of which are involved in the
pathogenesis of cardiovascular disease (CVD). This thesis provides an important mechanistic

understanding of how does sugar affect heart disease.

As with most other dietary constituents, long-term trial data relating sugar consumption to the

development of CVD events are unavailable.

Shorter-term studies show consistent adverse effects of sugar consumption on HDL and

triglyceride levels, which could accelerate atherosclerosis.
Based on the present thesis, this subject can evaluate many topics in the future:

1- Treatment of animals (mice, rats or rabbits) with diet rich in sugar (glucose or fructose)
during 21 days.

2- Treatment of animals with fructose during 21 days.

3- Evaluation of lipids status, and hs-CRP.

4- Evaluation of antioxidant enzymes and proteins.

5- Histological study on some organs (Liver, aorta, liver and pancreas).
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summary

Summary :

Cardiovascular disease (CVD) is the single largest cause of mortality in world. Numerous risk
factors have been identified for CVD, including a number of nutritional factors. Recently,
attention has been focused on fructose-containing sugars and their putative link to risk factors for

CVD.
In this thesis, we focus on studies related to sugar consumption and cardiovascular risk factors.

Most studies have shown that sugar consumption leads to a lack of insulin secretion or a lack of
use of it. Since the cells cannot enter glucose, it accumulates in the blood and damages heart

arteries

It was also found that eating sugar leads to raising the level of cholesterol in the blood and
increases the accumulation of fat in the vessels and arteries of the heart, which leads to
atherosclerosis and causes insufficient blood supply to the heart, which causes the heart to be

unable to carry out its normal functions.

Key word: Sugar, carbohydrates, cardiovascular disease, inflammation, atherosclerosis.
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summary

Résumé

Les maladies cardiovasculaires sont I’'une des principales causes de mortalité dans le monde. Il a
été déterminé que ces maladies sont causées par de nombreux facteurs de risque dont certains

sont d’origine nutritionnelle.

Ces derniers temps ’attention s'est portée sur les sucres comme le fructose et leurs effets sur les
maladies cardiovasculaires (les maladies vasculaires périphériques, les maladies coronariennes,

les maladies cardiovasculaires athérosclérotiques, et les maladies vasculaires ischémiques).

Dans cette theése, les recherches sont axées sur les études liées a la consommation des sucres et

aux facteurs de risque des maladies cardiovasculaires.

La plupart des études ont révélé que la consommation des sucres entraine un manque de
sécrétion d’insuline ou un manque de son utilisation, ce qui engendre 1’accumulation du glucose

dans le sang et endommage les arteres du cceur .

Il a également été constaté que la consommation des sucres provoque une augmentation du taux
de cholestérol dans le sang et de 1’accumulation de graisses dans les vaisseaux engendrant ainsi
la formation de 1’athérosclérose ce qui diminue le flux sanguin donc avec un apport de sang
insuffisant au coeur ce qui entraine par exemple un infarctus du myocarde (IDM) ou une crise

cardiaque.

Mots clés : sucres, fructose, hydrates de carbone, maladies cardiovasculaires, inflammation,

athérosclérose.
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