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Abstract

Literature has shown that there is a link between cardiovascular disease and cognitive
deterioration. Cardiovascular and neurodegenerative diseases both share risk factors that
include age, elevated cholesterol levels and blood pressure. Both conditions primarily affect
middle aged and elderly populations and are characterised by a disruption in homeostasis.
Research has found that systemic inflammation induces cardiovascular and neurological
disease. In addition, cardiovascular disease is initiated the following: endothelial damage and
inflammation, disrupting cellular (erythrocyte, fibrin network, platelet), cardiac myofibril and

vascular morphology.

Systemic inflammation may result if the cardiovascular system is exposed to bacteria or
bacterial metabolites. Polysaccharides are long monosaccharide chains linked to glycosidic
bonds that occur in nature. These structures serve as energy reserves and structural
components in all organisms. The lipopolysaccharide endotoxin is a polysaccharide that is
excreted from gram-negative bacteria and reside in gastrointestinal tract of healthy human
beings. However, upon sustained abnormal gastrointestinal tract entry research suggests that
lipopolysaccharides may aid in or play a primary role in the aetiology of cardiovascular disease
and the neurodegenerative process through a low-grade systemic inflammatory immune
response. The elderly may be are readily exposed to lipopolysaccharides through tooth loss
(due to the dilation of the oral vasculature when tooth loss occurs) and impaired tight junction
resulting in cardiovascular system entry. Research suggests that tooth loss and cardiovascular
disease development are closely related through the resultant systemic inflammation. In
addition, men experience an increased prevalence in various cardiovascular diseases that

increase the risk of pathogenesis of neurodegeneration in a uniqgue manner.

This study forms part of a larger study that investigated effects of lipopolysaccharides on the
brain, cardiovascular system and liver in which the Alzheimer’s disease population are the
population of interest. The aim of this study was to investigate the effect of early endotoxin
exposure on the cardiovascular system while also investigating its effect on cognition of male
Sprague Dawley rats over a ten-day period. In addition, Manuka honey was introduced as a

possible treatment for the systemic inflammatory effects of lipopolysaccharides.

Cognitive and behavioural tests evaluated anxiety-like behaviour, mobility and short- and long-
term, familiar object-, and spatial memory using the Open field-, Novel object recognition-, and

Y-Maze test behavioural tests.

The histological and ultrastructural analyses were conducted on the aorta, heart and blood

following lipopolysaccharide exposure using light-, scanning electron- and transmission



electron microscopy. The aorta and myocardial tissue were studied through light- and
transmission electron microscopy found that myocardium exposure to lipopolysaccharides
resulted in cardiac myofibril damage and mitochondrial cristae destruction. While Manuka
honey treatment prevented a significant amount of myofibril damage. Nevertheless, the
treatment failed to prevent mitochondrial cristae destruction. Aortic exposure resulted in
cellular abnormalities, elastin fragmentation and collagen deposition. Manuka honey
administration resulted in the reduction of cellular abnormalities and elastin fragmentation in

the aorta however, the treatment induced collagen depletion.

In addition, whole blood analysis through scanning electron microscopy, showed that the
endotoxin resulted in a lack of erythrocyte and platelet morphological changes. However,
exposure resulted in the abnormal formation of fused and thick aggregated fibrin networks.
The therapeutic remedy assisted in counteracting the harmful effects of the endotoxin by
producing fibrin fibres that were both standard in structure in some areas and thick and fused

in structure in other areas.

Early endotoxin exposure did not result in a significant behavioural or cognitive alteration.

However, Manuka honey coupled with LPS was shown to impair spatial memory.

In conclusion, cardiovascular organs such as the aorta, cardiac muscle and fibrin network
morphology are vulnerable to the effects of short-term lipopolysaccharide exposure. Therefore,
exposure may result in an elevation of cardiac-, aortic cellular and elastin destruction that may
possibly conclude in cardiovascular disease and an elevation in thrombotic events. In addition,
Manuka honey serves as an insufficient remedy for the harmful effects of lipopolysaccharides

on the cardiovascular system.

(Word count: 632)
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Manuka honey, neurodegeneration.
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Cardiovascular (CV) diseases are the number one cause of death resulting in seventeen point
nine million deaths worldwide, three quarters of which occur in low-middle income countries,
like South Africa®. In addition, these CV diseases result in increased mortality, reduces quality
of life and the global prevalence of these diseases continues to increase?. Although, the
disease aetiology is multifactorial, research has found that the following are CV disease risk
factors: blood pressure, cholesterol, obesity, glucose control, and chronic inflammation®®.
These CV risk factors are also associated with an elevation of cognitive impairment and
dementia. Although the underlying explanation of this association is unclear, inflammation

plays a central role in CV and neurodegenerative disease aetiology’2.

Ordinarily, increases in inflammation in specific areas is a survival mechanism that occurs
following physical injury and infection®. Inflammation is characterised by immune and non-
immune cell activation that protects the host through the elimination of pathogens, followed by
the promotion of tissue repair and recovery®. However, chronic systemic inflammation due to
continuous bacterial or toxin exposure results in the initiation of many overlapping pathogenic
pathways. Evidence shows that the chronic systemic inflammation effects the life span and the

health of an individualt?.

The risk of developing a CV disease increases in as individuals age. Aging is characterised by
the gradual physiological function decline resulting from an increased number of senescent
cells in the body!2. The increase number endothelial, cardiac and muscular senescent cells
have been associated with CV dysfunction such as atherosclerosis, heart failure, hypertension,
and stroke!?. Atherosclerosis, coronary heart disease, heart failure, ischemic heart disease are
CV diseases in which inflammation induces pathogenesis!®. Atherosclerosis is a chronic CV
disease characterised by lipid deposits, smooth muscle cell and fibrous matrix proliferation,
concluding in atherosclerotic plaque formation!*. Inflammation plays an important role in the
initiation and development of atherosclerotic plaque through chronic acute and innate immune
system activation producing flow-mediated inflammatory endothelial cell changes'®. The
condition results in sustained endothelial damage, atherosclerotic plague and atrial wall
inflammation®. Atrial wall inflammation results in the narrowing of the arterial lumina, thus
reducing the blood flow of that region. While plague rupture results in thrombosis*. In cardiac
muscle, inflammation induces cardiac fibrosis!®. Cardiac fibrosis is defined as a process in
which there is an imbalance in cardiac extracellular matrix (ECM) production and degradation,
inducing cardiac dysfunction resulting in pathology!®. Cardiovascular dysfunction and
arthrosclerosis resulting from low-grade chronic systemic inflammation may contribute to the

development of dementia e.g Alzheimer’s disease (AD).
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Research has found that gram-negative bacteria secrete the endotoxin lipopolysaccharide
(LPS) that results in a chronic inflammatory state if exposed to the CV system possibly resulting
an elevation of CV disease pathogenesis!®!°. In addition, research has shown that recurrent
exposure to subclinical LPS increases mortality and induces cardiac fibrosis and

atherosclerotic plaque formation?.

Previous studies have also suggested that AD may be caused by infectious agents and
emerging evidence has shown that the gastrointestinal microbiome affects neurodegenerative
disease development and progression!l. Systemic inflammation resulting from mild bacterial
toxin exposure may induce CV disease and may affect the development of neurodegeneration
(dementia i.e. AD)'°. Systemic inflammation found in AD patients may result from LPS

exposure, and may cause CV complications??.

This study has investigated the effect of early LPS-induced systemic inflammation exposure
affects the CV system, while investigating the effect of the endotoxin on the cognition of male
rats. Manuka honey was investigated as a treatment for the systemic inflammatory effects of
LPS on the CV system. Manuka honey was used as a possible treatment for systemic
inflammatory effects of LPS because previous studies have found that Manuka honey has anti-
inflammatory and oxidant properties and is an effective wound healing agent??23, The study
investigates whether or not anti-inflammatory and wound healing properties of Manuka honey
may counteract the any tissue damage that results from LPS exposure. Body- temperature
and weight were used as health biomarkers. Lipopolysaccharide exposure occurred over a
ten-day period following LPS exposure, histological and ultrastructural analyses were
conducted on the aorta, blood and heart using light-, scanning electron-, and transmission
electron microscopy. Light- and transmission electron microscopy found that LPS exposure
resulted in cardiac myofibril damage and mitochondrial cristae destruction. In addition, Manuka
honey prevented a significant amount of myofibril damage. However, the honey did not prevent
mitochondrial cristae destruction. Lipopolysaccharide aortic exposure resulted in cellular
abnormalities, elastin fragmentation and collagen depletion. The group exposed to Manuka
honey and LPS showed a reduction of cellular abnormalities and elastin fragmentation

however, collagen depletion was documented.

Whole blood analysis using scanning electron microscopy concluded that early endotoxin
exposure did not produce erythrocyte or platelet morphological changes. However, LPS
exposure resulted in the abnormal formation of fused and thick aggregated fibrin networks.
Manuka honey counteracted a significant amount of the harmful effects on fibrin network
formation. The Manuka honey and LPS exposed group displayed fibrin networks that were

standard in structure in some areas and thick and fused in structure in other areas.
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The Open field-, Novel object recognition-, and Y-Maze behavioural and cognitive tests
concluded that early LPS exposure does not result in a significant behavioural or cognitive
alteration. However, the Manuka honey and LPS showed impaired spatial memory when

compared to the other groups.

In conclusion, early endotoxin exposure results in a change in the aorta, cardiac muscle, and
fibrin network morphology. Early exposure results in an increase in cardiac, aortic cellular and
elastin destruction, which may conclude in CV disease and an elevation in thrombotic events
over time. In addition, Manuka honey is an insufficient treatment for the systemic inflammatory

effects of LPS on the CV system.
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Chapter 2: Literature
Review
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2.1 The Cardiovascular System

The CV system consists of the heart, blood vessels, cellular elements and plasma as seen in
figure 2.1. Pressure generated by the heart propels blood through a closed system of vessels,
acting as a one-way circuit which ensures the continued systemic distribution of gases,
nutrients, signal molecules and waste?*. Pulmonary and systemic circulation follow one
another in order to transport nutrients, oxygen and chemical signals to the body?®. The internal
organs of the body are arranged parallel to one another. As a result, nearly all systemic organs
receive homogenous arterial blood?®. The blood entering the organ supplies it with the required
oxygen and nutrition, resulting in a direct proportionality between the supply of metabolic
elements and blood supply?. The blood supply of organs are regulated by local metabolites,
hormones and neurologically, creating a synergy between the organs of the body and allowing
the CV system to fulfil the functional needs required by each organ?*. Thus, when pathology
occurs in the CV system, other organs systems are affected. Pathology of the CV system can
arise through varying causes such as toxin exposure, blood pressure changes and gaseous

exchange reductions?*.

Veins Capillaries Arteries

Ascending arteries
Superiorvenacava —

Leftatrium il
Coronary arteries

— Abdominal aorta

I

Inferior vena cava —

Ascending veins—

— Descending arteries
Venous valve—¢

LT

/4| Pelvis and i‘gﬁ
Y

Figure 2.1: Cardiovascular system- The CV system consists of the heart, the cellular elements, the blood
vessels and blood. This system functions as a transporting system for various substances such as nutrients,
plays a key role in gaseous exchange, and removes waste and heat.?*
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2.1.1 The Heart

During exposure to infections, the pathogenesis caused by mild pro-inflammatory cytokine

increase may result the impaired functioning of organs such as the heart. The heart is a
complex interconnected muscular organ that consists of three muscle layers, the myocardium,
endocardium, and epicardium!®. Repetitive rhythmic contraction occurs through cellular
communication between the autorhythmic and contractile myocardial cells?’?8, However,
environmental plasma disruptions result in myocardial disruptions concluding in CV disease.
In addition, myocardial infarctions remain the leading cause of death in the CV category?®®.
Pathological studies have identified that exposure to the chronic inflammatory response as one
of the most common molecular and cellular contributing factors of heart injury?. Cytokine
concentration influences the degree of cardiac injury®®. Research has found that chronic
inflammation can induce cardiac muscle inflammation that results from myofibroblasts inducing
the following: chemokine expression resulting in the migration of immune cells to the heart,
inducing endothelium adhesion molecule releasing, stimulating cardiac present monocytes to
release gelatinases inducing the transmigration of immune cells through the basolateral
membrane and producing nucleotide-binding oligomerization domain-like receptor with a pyrin
domain 3 (NLRP3) inflammasome activity that resulting in interleukin-1 B (IL-1B) release®. The
following process results from chronic inflammation and further induces a positive feedback

loop of inflammation within the heart resulting in cardiac injury®Z.

Middle aged and elderly individuals are particularly at risk since aging results in Inflamm-aging
which presents as a state of chronic low-grade systemic inflammation®°. As previously stated,
LPS exposure induces a chronic systemic inflammatory state in patients, and thus those that
are exposed may have a higher risk of CV disease development. Previous research has
identified that LPS can induce myocardial infarctions which may result from further CV
inflammation aggrevation®®. In addition, researchers have found that LPS level reductions in
heart disease patients improved their outcomes, which has driven further research into the
field2.

A study conducted by Lu et al. (2017) discovered that rhomboid protease-2 (iRhom2) is a
positive LPS-induced inflammation regulator that is linked to cardiac injury*®. In mammals,
Rhomboid protease (e.g. iRhom-1 and iRhom-2) cleaves tumour growth factor-alpha (TGF-
0)%3. Rhomboid protease-1 and Rhomboid protease-2 are inactive rhomboid intramembrane
serine protease homologs, with catalytic residues, and are vital to TNFa converting enzyme
(TACE) maturation and trafficking34°*. Rhomboid protease-2 regulates TACE thus controlling
TNF-a secretion. Tumour necrosis factor-alpha induces inflammation thus alerting the body to

an infection as well as aiding infection clearance, however it can induce inflammatory arthritis®®.
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Researchers have found that TACE and iRhom-2 can undergo quick cytokine, growth factor
and pro-inflammatory mediator activation concluding in TNF-a activation, resulting in an
inflammatory response leading to cardiac tissue injury. Cardiac histopathological changes are
induced after LPS administration causing LPS-induced cardiac inflammation. These changes
are accompanied with Toll-like receptor 4 (TLR-4)/ nuclear factor-kappa B (NF-kB), dependent
cardiomyocyte and serum TNF-a, IL-1B, interleukin-6 (IL-6) and interleukin-18 (IL-18)

elevation®®.

Cardiomyocytes

In addition, LPS have a direct effect on the cardiomyocytes which work together to propel blood
throughout the body due to their complex structure seen in figure 2.2. The endomysium
surrounds the cardiomyocytes, containing a rich capillary network®-%8, The perimysium
separates layers and cardiomyocyte bundles that form larger fibrous connective tissue layer
masses comprising of the “cardiac skeleton”. These cells are branched in structure and tightly
interconnected by intercalated disks of neighbouring cells®. Transverse lines crossing the
fibres at irregular intervals joins the cardiomyocytes in a manner that is only seen in cardiac
muscle®. The intercalated discs represent the interfaces between adjacent cells and other

junctional complexes as seen in figure 2.3 (a and b).
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Figure 2.2: Heart cell histology- The cardiomyocytes work as a contractile unit which propel blood forward
during contractions. (a) lllustrates the cardiac muscle and its characteristic features. Cardiac fibers consist of
separate cells that are connected by intercalated discs. Transverse regions are desmosome abundant and other
adherent junctions for firm adhesion. While longitudinal regions of the intercalated discs are filled with gap
junctions. The image also shows that the cardiomyocytes have central nuclei. The cardiomyocytes branched
structure allows the cells to interweave in a complicated arrangement with the fascicles, producing an efficient
contraction mechanism for atrial ventricular emptying. (b) Light microscopy of a longitudinal section of
cardiomyocytes present with nuclei (N) in the center of the muscle fibers and intercalated discs (l) widely spaced
across the fibers. Striations (S) and fibroblast nuclei are also present (x 200); Hematoxylin and Eosin (H and E)
staining).

(c) Transmission electron microscopy (TEM) (x31 000) shows intercalated discs with a step-like structure and
the interdigitated processes of adjacent cells. The transverse disk regions have many desmosomes (D) and
fascia adherents (F) which firmly join the cardiomyocytes. The abundant gap junctions join the cells
physiologically. The cell’s sarcoplasm has numerous mitochondria (M) and the myofibrillar structures are less
organized than in skeletal muscle.3®

The function and structure of cardiomyocyte contractile apparatus are similar to those in
skeletal muscles as seenin figure 2.3. Forty percent of the cell is occupied by the mitochondria,
which is higher than in slow oxidative skeletal muscle fibres, this fulfils the high energy
requirements®®. Fatty acids stored as triglycerides are the heart’s primary source of energy?>3,

Glycogen granules and perinuclear lipofuscin pigment granules may also be present?>38,
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Figure 2.3: The Cardiac Muscle’s Ultrastructure- (a) lllustrates Transmission electron microscopy (TEM) (x
30 000) which shows that the cardiac muscle contains an abundant source of mitochondria (M) and few
sarcoplasmic reticula (SR) between the myofibrils. The T-tubules are less organised and are generally
associated with one extended terminal SR cistern, forming dyads (D) rather than the triads seen in skeletal
muscle. (b) Displays cardiomyocytes (x 10 000) from the atrium display the presence of membrane-bound
granules (G), primarily arrange at the nuclear pole. The granules are predominantly dominant in cardiomyocytes
of the right atrium (approximately, 600 per cell). Smaller amounts are found in the left atrium and ventricles.
These granules contain an atrial natriuretic factor (ANF) precursor. Atrial natriuretic factor targets kidney cells
resulting in the loss of sodium and water, opposing aldosterone and antidiuretic hormone which result in sodium
and water conservation in the kidneys.3®

Researchers have found that LPS exposure can cause myocardial hypertrophy and
autophagy, resulting in depolarisation disruptions®®. Myocyte hypertrophy is an adaptive
cardiac response characterised by cardiomyocyte enlargement and sarcomeric protein
accumulation®®4t, The process results in irreversible myocardial enlargement and expansion
which is often followed by heart failure®. Previous studies have found that cardiac disruption
results from cardiomyocyte inflammation, necrosis or apoptosis®#2. Lipopolysaccharides may
bind to TLR-4 concluding in cytoplasmic accumulation, nuclear B-catenin translocation,

myocardial hypertrophy gene transcription and expression“.

Lipopolysaccharides also induce cardiomyocyte autophagy?. Autophagy is a cellular
degradation system which results in the damaged or redundant organelle, protein and/or cell
component removal**. The process consists of three categories: Chaperone-mediated
autophagy, macro-autophagy and microautophagy®. The process begins with membrane or
phagophore cytoplasmic isolation forming the autophagosome followed by autophagosome-
lysosomal fusion resulting in the autolysosome“®. The contents are then dissolved. Previous
studies have shown that autophagy is associated with numerous physiological and
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pathological processes (e.g., aging, cell development, cell survival, cell death, immunity, and
metabolism). Thus, playing a critical role in human pathogenic processes such as cancer, CV
disease, metabolic disorders and muscle atrophy as a consequence of abnormal amounts of
autophagy*’8. Excessive autophagy can result in pathological disease and autophagic cell
death. Research has also shown that LPS-induced autophagy participates in numerous
biological processes (e.g., liver autophagy, osteoclastgenesis, vascular endothelial cell
autophagy), causing widespread pathogenesis®*4*%, In cardiomyocytes, LPS-Induced

pathogenic autophagy and hypertrophy results in decreased cardiomyocyte viability®°.

2.1.2 Blood vessels

The cardiomyocytes work together to pump oxygenated blood into the aorta. Bacteria may
enter the CV system through the gastrointestinal tract (GIT) and travel through the circulatory
system potentially influencing inflammatory and cytokine signalling®°2. Hypercoagulability
may lead to CV complications such as a myocardial infractions in patients®3. There is growing
evidence that high doses of LPS results in hypotension resulting from an LPS induced mean
arterial blood pressure decrease®®. However, research has shown that low dose LPS exposure
induces cardiac tissue damage including myocardial dysfunction®°. Low-grade chronic
inflammation contributes to the development of arthrosclerosis. Furthermore, inflammation
induced by LPS exposure may contribute to CV stress experienced by the elderly or those
suffering from pre-existing CV disease, which may contribute to dementia development¢7-8,
Cerebral perfusion pressure results from sufficient cardiac output resulting in arterial pressure
generated by the arterial walls followed by the microvascular resistance found in the brain, and
venous drainage®. A study conducted by Roher et al. (2012) observed that AD patients
experienced 20% lower cerebral blood flow than the control group, suggesting a connection
between AD dementia and brain hypoperfusion. In addition, the study found a lower pulse
pressure in AD patients, further illustrating lowered cerebral blood flow may result in decreased
cognitive ability®®. Cardiac damage may result in a decrease in cardiac output thus potentially
resulting in brain hypoperfusion®®. Cardiovascular disease prevalence and incidence differ in
men and women, possibly resulting in varying risk levels and presentation. Cardiovascular
pathology occurs as consequence of cellular dysfunction. Haemostatic deregulation may occur
in the following areas: arterial, cardiac, venous and in the cellular components (platelets,
erythrocytes, WBCs) of the CV due to endotoxins, pro-inflammatory cytokines, foreign

particles, and ECM proteins exposure857-%8,
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2.1.3 Blood cells and plasma

Lipopolysaccharide induced cellular changes affect other organ systems and pathology is not
restricted to the cardiac muscle and the CV vasculature. Cellular component changes have a
detrimental effect on haemostasis and organism homeostasis. The blood consists of plasma,
erythrocytes, white blood cells (WBCs) and the platelets, which play a crucial role in
inflammation and the haemostatic cascade.

Haemostasis

Haemostasis is the process that results in blood clot formation upon blood vessel injury
preventing further blood loss®. It consists of primary haemostasis and secondary

haemostasis®®. The following will describe normal haemostasis:

e Primary haemostasis

Primary haemostasis is defined as the process that occurs after the initial vascular endothelial
injury, resulting in platelet deposition at the injury site®. Upon vascular injury, local
vasoconstriction occurs as the endothelial matrix is exposed resulting in platelet adhesion to

collagen or von Willebrand factor (WWF) on multiple receptors on the endothelial surface®.

During the process platelet activation occurs causing platelet aggregation and in subsequent
the binding of multiple ligands such as collagen, fibrinogen, fibronectin, vitronectin and VWF.
The activated platelet degranulate releasing agonists (adenosine diphosphate (ADP),
serotonin, thromboxane A 2 (TxA) and vasopressin) that activate G protein coupled receptors
to trigger additional aggregation causing the formation of a platelet plug at the injury site®®. The
activated integrins on surface of the platelets and the agonists both bind to and activate
phospholipase C (PLC). Phospholipase C activation results in calcium release catalysing the

degranulation and platelet shape change increasing platelet adhesiveness®.

Following platelet activation, glycoprotein llb/llla (GPIIb/llla) undergoes a conformational
change and the glycoprotein has an increased affinity for fibrinogen, promoting platelet
aggregation resulting in platelet plug stabilisation®. In addition, the cytosolic portion of the

GPIlIb/llla binds to the platelet cytoskeleton mediating platelet spreading and clot retraction®®.

e Secondary haemostasis:

- The clotting cascade and clot propagation
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Following primary haemostasis secondary haemostasis starts with proteases facilitating
zymogen cleaving producing active enzymes that transform into thrombin activating and clot
forming complexes®®. After the formation of the platelet plug, the coagulation cascade
proceeds through the following mechanisms, in which tissue factor (TF) causes clotting factor
activation, resulting in the amplification of clotting factors and the facilitation of clot formation

by thrombin as seen in figure 2.4%°

(ron) ()
- A

Figure 2.4: The cellular coagulation model: The coagulation process forms part of the haemostatic process
however before an abrasion the endothelium is intact (as depicted in figure 2.4 (A)) and inactive procoagulants
(factors VII, VIII, IX, X, X, prothrombin, and fibrinogen) and platelet circulate. The following anticoagulants:
heparin, tissue factor pathway inhibitor (TFPI), tissue plasminogen activator (tPA) prevent spontaneous clot
formation. (B) When vascular injury occurs the initial stage of haeomstasis begins. The subendothelial TF is
exposed and the circulating factor VII forms the TF:Factor VII complex. The TF: Factor VII activates factor IX
and factor X. The activated factor IX binds to the platelets. The activated factor X activates factor V resulting in
the formation of the prothrombinase complex converting prothrombin into thrombin. (C) Thrombin (a) activates
factor X and factor V resulting in the formation of the prothrombinase complexes generating a secondary
thrombin burst (b) activating platelets and separating factor VIl from VWF activating factor VIII (d) converting
fibrinogen to fibrin, (e) activating XI which (f) activates factor Xl a cross-linked fibrin stabilizer. Following those
steps, a stable clot is formed. (D) Following clot formation, antithrombin (AT) binds to heparin inhibiting thrombin
activity. Tissue factor pathway inhibitor binds to an activated factor X resulting in the inhibition of the TF: Factor
VII complex. Following that, plasminogen activation through tPA activation results in plasmin formation which
binds to fibrin clot resulting in fibrin cleaving. Fibrin is cleaved into soluble produces such as the D-dimer and
other fibrin degradation products, which inhibit thrombin activity while the unbound plasmin is inhibited by a 2-
antiplasmin. 5°

Plasma

Blood plasma is the medium in which haemostasis occurs and where most haemostatic cellular
agents reside. It consists of 92% water and suspends cellular elements, nutrients, organic
matter, gases and proteins. The blood plasma proteins are: Albumins, Globulins, Transferrin
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and Fibrinogen®®. Fibrinogen plays an important role in the coagulation system, because once
cleaved into fibrin monomers, it is an essential component of red and white thrombi and
contributes to blood viscocity®!. This process is initiated by the conversion of fibrinogen into
fibrin monomers as a result of a thrombin reaction, resulting in the release of fibrinopeptide A
and B from the Aa and BB amino terminal chains creating new amino termini. Thus, forming
knobs that allow other fibrin monomers to fit into the holes eventuating in a fibrin gel. Following
that, Factor Xlll catalyses the formation of interchain covalent cross-links between the fibrin

monomers thus strengthening the clot®2.

During the early stages of polymerisation, the fibrin monomer molecules are bound together
by a weak noncovalent hydrogen bond?®. The freshly formed fibres are not cross-linked to one
another, concluding in weak clots which easily break apart. Fibrin-stabilising factor strengthens
the fibrin reticulum a few minutes after initial clot formation takes place®. One of the ways in
which the process may change is when there is a thrombin production reduction. The absence
of adequate thrombin levels would result in fibrin-stabilising factor remaining deactivated
causing frail clot formation, because of fibrin cross-link absence®. Blood clot strength
insufficiency prevents competent haemostasis, thus ending in blood loss. A blood clot entraps
blood cells, platelets and plasma. When there are adequate thrombin levels, fibrin fibres aid in
maintaining haemostasis, preventing blood loss, thus allowing for the uninterrupted gaseous

exchange?®3,

Erythrocytes

Erythrocytes transport oxygen (O2) and carbon dioxide (CO2) and they contribute to rheology.
Their flexible biconcave disk structure allows them to complete this function, is seen in figure
2.5 (A and B). Erythrocytes’ flexibility allows them to enter small capillaries. While navigating
through the CV system, erythrocytes’ biconcave shape increases their surface-to-volume ratio,
allowing for an increase in the Oz transport efficiency. Researchers have found that significant

changes to this structure limits O, transport®*.
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Figure 2.5: Erythrocyte structure- Erythrocytes carry Oz to and CO:2 from the organs of the body. Figure A
illustrates a low magnification healthy whole blood (WB) smear which was prepared for Scanning electron
microscopy (SEM). Figure B represents a single healthy erythrocyte. Figure C Shows the Schematic model of
the erythrocyte membrane, most of the proteins are shown but their position relative to each other is unknown.
Figure A and B: ° | Figure C: %6

A mature and healthy erythrocyte contains a complex plasma membrane consisting of a
specialised lipid bilayer that interacts (through protein interactions) with the integral membrane
proteins as illustrated in figure 2.5 (C). The double-layered erythrocyte surface consists of
cholesterol, glycolipids and phospholipids. Cholesterol is equally spread through the two
leaflets while the four main phospholipids are arranged asymmetrically. They consist of the
amino phospholipids: phosphatidylserine and phosphoinositides, and are located in the inner
membrane leaflet, enabling them to play a major role in the structural integrity of the cell
membrane. Choline containing phospholipids are: phosphatidylcholine and sphingomyelin,
located in the outer leaflet®. The cytosol is enriched with haemoglobin and several molecules

e.g. calcium (Ca?*)545¢,

Enzymatic reactions such as membrane transport and signal transduction pathways are
facilitated by the phospholipid bilayer, maintaining lipid homeostasis. The phospholipid bilayer
contains hydrophilic heads and non-polar hydrophobic hydrocarbon tails. Moreover, there are
various lipid and protein species that aggregate in the membrane domains; these molecules

are called rafts. Rafts form specialised areas that act together and aid in many physiological
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processes such as signal transduction. The membrane cholesterol molecules are unesterified
structures that lie between both lipid bilayer layers. Lipid rafts are enriched with cholesterol,

sphingolipids and also comprise of flotillins and stomatin®®.

Three integral protein types (flippase, floppase and scramblase) facilitate transmembrane
passage and lipid structural arrangement in the erythrocyte membrane. Flippase
(aminophospholipidtranslocase) facilitates amino-containing phospholipid pumping from the
outer to the inner leaflet®®. Floppase controls the choline-containing phospholipid reverse
transfer of cholesterol (against its concentration gradient) phosphatidylserine, and the
superlattice from the inner leaflet to the outer leaflet®®. Scramblase is a phospholipid non-
specific bidirectional transport initiator, aiding in the particle transport (against their
concentration gradients) in an energy independent manner®%72, Magnesium adenosine
triphosphate (ATP) dependent flippase transfers phosphatidylethanolamine and
phosphatidylserine from the outer monolayer to the inner monolayer at the expense of ATP,

maintaining the correct phospholipid layer distribution®®.

During eryptosis, intracellular Ca?* followed by flippase inhibition and phospholipid scrambling
activity activation, initiates phospholipid asymmetry loss and phosphatidylserine exposure®,
The energy-independent flippase proteins allow these common phospholipids to swiftly
equilibrate between the monolayers. Flippase also plays a role in the biosynthesis of many
glycoconjugates®®. Scramblase facilitates the bidirectional lipid flip-flop that occurs in a non-
selective fashion from the inner and outer leaflet. This occurs down the concentration
gradient”. The scramblase becomes a lipid channel in the presence of Ca?*, which allows lipid

diffusion from one monolayer to another using a concentration gradient®®.

The structural proteins (e.g Band 3) regulate erythrocyte structure and function. These proteins
facilitate anion erythrocyte membrane transport. The erythrocyte membrane is an important
cytoskeletal and protein binding site. Band 3 is a trans-membrane protein or multi-spanning
ion transport channel. The tetramers tie the lipid bilayer to the skeleton through a cytoplasmic

domain and ankyrin interaction, which is linked with spectrin®®.

All of these components maintain the structural integrity as well as erythrocyte homeostasis
resulting in the survival of the cell in the CV system®. In addition, the erythrocytes play an
important role in haemostasis. Under normal physiological conditions erythrocytes affect
platelets during haemostasis and thrombosis in the following ways: they effect platelet
margination, clot permeability, and platelet reactivity’*. Erythrocytes move through the blood
vessel centre causing the margination of platelets facilitating effective adhesion when blood
vessel injury occurs’. The peripheral layer formed by the axial accumulation of erythrocytes

contains plasma containing clotting factors and neutrophils™. In addition, decreased
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erythrocyte deformability reduces blood clot and thrombi permeability which may affect the
entry of fibrinolytic agents thus effecting fibrinolysis’. Erythrocytes modulate platelet reactivity
through chemical signalling or erythrocyte-platelet interactions thus affecting haemostasis
through the promotion of aggregation and ATP activated degranulation’. Erythrocyte damage
produces free haemoglobin that induces platelet aggregation in the absence of blood vessel
injury, contributing to the risk of thrombotic complications. Thus, changes to erythrocyte
structure resulting in early eryptosis may result in an elevation in platelet activation, thus

promoting clot production in the absence of injury™.

In the absence of pathological conditions such as haemolysis and anaemia, erythrocytes
maintain their shape and function under strenuous conditions’. However, pathological
processes such as inflammation may result in morphological changes and dysfunction’. It has
been found that physiological aging induces an erythrocyte membrane, metabolic pathway and
haemoglobin change concluding in signal manifestations that trigger immune system
recognition and removal’*’%. In addition, Inflammatory lipases produced during the
inflammatory process result in premature erythrocyte aging”. It has been documented, that
LPS does not directly cause eryptosis (Eryptosis refers to a erythrocyte suicidal death,
characterised by erythrocyte blebbing, phospholipid scrambling of the erythrocyte membrane
and shrinkage) in cells and have no significant effects on erythrocyte and plasma
parameters®®’’. However, previous studies have shown that erythrocytes in AD patients
displayed a highly irregular shape, especially under simultaneously elevated serum ferritin
level conditions?::’8, These toxins cause a small, but significant increase in haemolysis possibly
indicating a reduction in the erythrocyte membrane integrity and may indirectly cause
eryptosis’®. Phosphatidylserine resides on the intracellular plasma membrane leaflet in healthy
erythrocytes, however during early eryptosis, the cell membrane becomes symmetrical. During
inflammation, a similar process is seen where the erythrocyte membrane leaflet phospholipids
become increasingly symmetrical as the phosphatidylserine, in the membrane, become
externalised. Thus, resulting in membranal erythrocyte vesicle formation, subsequent to
microparticle shedding causing erythrocyte pathological shape alterations’®8°, This may be

due to LPS induced systemic inflammation.

Other studies have shown that LPS causes a small total and indirect bilirubin lactate
dehydrogenase, and haptoglobin plasma level increase®. Bilirubin is a heme catabolite that is
mainly derived from erythrocyte damage. Total bilirubin circulatory levels are mainly
determined by disintegrated erythrocyte clearance®!. This slight elevation is an indication of
increased erythrocyte degradation. Lactate dehydrogenase is a cytosolic glycolytic enzyme
that catalyses lactate to pyruvate reversible oxidation. Serum lactate dehydrogenase levels

are elevated in hepatitis. The slight lactate dehydrogenase elevation suggests minor liver
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stress. Haptoglobin is a human plasma protein that captures haemoglobin during haemolysis®2.
The haemoglobin-haptoglobin complex formation decreases oxidative properties of heme-
haemoglobin and promotes the complexes macrophage scavenger receptor CD-163
recognition®. The slight haptoglobin elevation may be as a response to the haemolysis. In
addition, it has also been shown that LPS causes a small, but significant increase in transferrin
plasma levels. Thus, indicating that LPS causes a small increase in haemolysis and iron
parameters plasma levels. It is yet to be established that LPS causes the same effect in vivo.
However, inflamm-aging found in the elderly coupled with the presence of LPS may increase

the presence of premature aging.

Cardiovascular system’s link to immunity

Platelets
When endothelial injury occurs platelets playing a crucial role in haemostasis by adhering to
the vascular endothelium, aggregating to form a platelet plug and facilitating the formation of
the fibrin crosslinks to stabilize the clot®®. However, when exposed to inflammation and
infection through direct platelet-bacteria interactions (bacterial surface proteins binding to
platelet receptors) or indirectly resulting in platelet activation without endothelial matrix

exposure occurs®,

The consequences of inflammation result in the following CV system pathological alterations:
the condition predisposes an individual to endothelial dysfunction and increased arterial rigidity
thus elevating the risk of arthrosclerosis development®. Both WBCs and platelets take part in
these cellular and humoral responses®. Following platelet-bacteria or platelet-bacteria
metabolite interactions, platelets act as cellular scavengers, as they aid in bacteria deposition
collection and phagocyte recruitment, which results in the elevation of inflammatory

responses®®.

A study conducted by Jaw et al. (2016) suggested an association between the systemic LPS
circulation and an atherosclerotic burden®’. Lipopolysaccharides result in systemic
inflammation that may aggravate the existing atherosclerotic burden in middle aged and elderly
individuals. Platelets play a significant and well-established role in atherosclerosis aetiology
which presents as a systemic inflammatory immune response to oxidized low-density
lipoprotein (LDL) and/or other unknown antigens which conclude in atheromatous plaque
accumulation®. Inflammation is pathophysiological driving force in the development and
progression of atherosclerosis®. Although platelet vascular endothelial adhesion occurs, this

does not occur under normal physiological circumstances. A pro-inflammatory phenotype or
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endothelial layer disruption results in platelet vascular wall adhesion®. Consequently, platelet
activation leads to cytokine release induction which resulting in leukocyte mediation and
recruitment to vascular endothelium, which can be observed in atherogenesis and late stage

atherosclerosis®.

Inflammation results in atherosclerosis initiation and disease progression, plaque rupture and
thrombosis®®. Inflamed endothelial cells via the vWF, and/or the intercellular adhesion
molecule 1 (ICAM-1) and vitronectin receptors interact with activated platelets under high
shear stress conditions resulting in platelet vascular wall adhesion®. Adhesion results in
platelet pro-inflammatory chemokine release, followed by leukocyte attraction to the vascular
wall®®. Platelet released inflammatory mediators result in vascular inflammation promotion at
the lesion site. Chemokine (C-C motif) ligand 5 (CCL5) (also known as RANTES) and the
CD40-CD40 ligand (CD40-CD40L) dyad promote platelet and inflammatory cell recruitment,
generating atherosclerosis disease progression®-°2, Moreover, platelet released stromal cell-
derived factor-1 (SDF-1) or platelet factor-4 (PF4) support macrophage oxidised LDL uptake,
promoting foam cell formation, contributing to the lipid core development of atherosclerotic
plagues®®. Platelets also play a pivotal role in plaque rupture and local thrombus formation.
Atherosclerotic lesion rupture exposes ECM proteins, triggering platelet recruitment to the
vascular wall resulting in thrombosis. In addition, activated platelets further secrete matrix
metalloproteinases (MMP), (MMP-2 or MMP-9) advancing ECM degradation and local factor
activation furthering plagque rupture and thrombus development®. The ruptured atherosclerotic
plague microenvironment is highly thrombotic and the activated platelets facilitate the
thrombosis cascade, resulting in local thrombi formation which obstructs the blood vessels
concluding in a possible myocardial infarction or stroke®. As previously described
inflammation results in the changed morphological and functioning of erythrocytes and
platelets resulting in pathogenesis. Both the erythrocytes and platelets play a crucial role in
haemostasis. Lipopolysaccharides may affect haemostasis by promoting haemolysis and

platelet activation through the induction of inflammation 38688,

2.2 The Ilink of neurodegeneration and cardiovascular

complications

Studies have found that men have a higher atrial fibrillation (AF), coronary artery disease

(CAD) and heart failure prevalence and an increased AF, myocardial infarction and heart
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failure incidence®%. Those afflicted by AF, CAD, heart failure and myocardial infarction have

an increased dementia incidence.

Atrial fibrillation is the most common continuous arrhythmia and is increasing in prevalence
globally®®. The disease is associated with elevated mortality risk although research proposes
that longevity increases following diagnosis, which is accredited to medical therapies reducing
stroke, heart failure and the management of other comobidities!?®-1°%, Increased longevity and
the detrimental effects of arrhythmia result in long-term heart dysfunction and arrhythmial®?,
Patients are at higher risk of stroke and stroke patients have an elevated dementia risk. In
addition, those suffering from AF have an elevated subclinical or silent stroke occurrence
concluding in an elevated prevalence of all dementia isoforms including AD°2, Atrial fibrillation
in the absence of a stroke has been related to gradual cognitive dysfunction. A number of AF
patients report mental fogginess, mental deceleration or dysfunction during transitions from
sinus rhythms due to AF*°2, The proposed mechanism to explain sudden mental decline in an
individual with AF is that the disease unveils cerebral microvascular dysfunction!®2, An autopsy
study conducted by Bangen et al. (2015) discovered that cerebral atherosclerosis is common
in AD patients'®®. The most common impacted area was the circle of Willis which alters blood
flow or regulates hypotension in all brain areas. As overall vascular risk factors increase, so
do the dementia risk and the relative negative impact of AF1%4, Repetitive microvascular injury
due to atrioventricular synchronicity loss brings about reduced blood flow which aids in
ischaemic injury manifestation, which may cause leukoaraiosis ((leuko- white, araiosis-
rarefaction) which refers to ischaemic abnormalities observed within the white matter of the

brain), which may accelerate AD development®,

Coronary artery disease is an AD risk factor that is caused by atherosclerosis through
epicardial adipose tissue (EAT) that infiltrates both the myocardium and major coronary artery
branches'®. Epicardial adipose tissue plays a pivotal role in CAD development and is a form
of low-grade inflammation resulting in substantial CV damage!®-1°, Research conducted by
Vianello et al. found that EAT in CAD presents with the following: elevated M1 macrophages
and TLR-4 upregulation, however the aetiology is not completely understood®. Nevertheless,
research has found that TNF receptor-associated factor 6 (TRAF-6) plays a fundamental
function in TLRs in mitogen-activated protein kinase (MAPK) and NF-kB pathway signalling
and activation. Tumour necrosis factor receptor-associated factor 6 plays a central role in CV
inflammation!!®111, Therefore, strict TRAF-6 regulation is required for the appropriate immune
response for homeostasis to be achieved, otherwise dysregulation occurs and various

diseases may manifest®,
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Atrial fibrillation and CAD are examples of the consequences of cardiac dysregulation. These
diseases cause the heart to function sub optimally and may lead to heart failure if ill-managed.
There is a link between cognitive impairment and heart failure through angiopathy,
inflammation and perfusion defects, regardless of if a patient presents with AD!2. Evidence
indicates that dementing processes and heart failure share risk factors. In addition, clinical
studies associate CV diseases and dementia through analogous genetic and biochemical
profiles and common triggers!®. Many recent studies suggest that AD and heart failure share
a common pathogenesis which include in myocardial protein aggregates presenting as
idiopathic dilated cardiomyopathy (iDCM)*'2, Idiopathic dilated cardiomyopathy is a chronic
cardiomyocyte disease that presents with the dilatation and systolic left or complete ventricular
impairment which cannot be placed in one condition or it involves coronary heart disease that
causes myocardial dilation and malfunction'!4. Studies have found myocardial protein
aggregates deposit in iDCM patients, that are biochemically similar to those found in AD
patients!'®>116, Nongenetic iDCM forms result from several aetiologies that include myocardial
inflammation due to infection, drug, toxins or allergens exposure and systemic autoimmune or

endocrine diseases!!’. This condition often concludes in heart failure!t’.

Inflammation often results in disease; however, the initial inflammatory trigger is poorly
understood and consequences of inflammation are endless. Inflammation, oxidative stress,
and endothelial dysfunction elevate the AD risk'®2. Mounting evidence has shown that LPS is
associated with an increased major adverse CV events (MACE) incidence in patients due to
its systemic inflammatory effects!!®. A study conducted by Pastori et al. (2017) found that LPS
may contribute to MACE incidence in AF patients due to platelet activation!'8. Thus,
contributing to a negative prognosis. In addition, the study found that those in the highest LPS
tertile (> 100 pg/mL) had the highest MACE risk. Evidence shows that LPS induces systemic
inflammation and atherosclerosis as illustrated earlier a study conducted by Carnevale et al.
(2018) which showed that LPS and TLR-4 were in atherosclerotic lesions that were
characterised by activated macrophages linking the endotoxin to coronary artery disease?®.
When LPS binds to the TLR-4/ myeloid differentiation protein (MD2) complexes on many
different tissue surfaces including endothelia cells (e.g the coronary artery and the aorta),
innate immune system cells, smooth muscle (e.g lungs and GIT) and adipose tissue. The entry
of the endotoxin into the systemic circulations results in inflammatory mediator release
resulting in the development and progression of atherosclerosis which may produce coronary
artery disease and heart failure?®1%, Furthermore, there is adequate evidence to suspect that
the toxin may contribute to AD progression in humans through systemic inflammation?*.
Moreover, LPS exposure may further elevate their AF and CAD risk through homeostatic

dysregulation and myocardial damage.
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2.3 Human Gastrointestinal Microbiome

The GIT is a part of the gastrointestinal system. A large body of evidence indicates that the
gastrointestinal microbial community plays a crucial role in shaping human physiology in the
following systems: human digestive system maintenance and immune homeostasis*®. The
complex human gastrointestinal microbiome forms a meta-organism where symbiotic
associations and host interactions play a crucial role in human health®2. The microbiome
influences human physiology both locally, in the GIT, and remotely, in organs such as the
brain, CV system and liver*'®. Gastrointestinal tract microbiome- derived metabolite exposure
affects both the CV and nervous system®”129-121 |n addition, the GIT affects normal prenatal
and childhood neurodevelopment®®. The dysfunction has been linked to autism spectrum
disorders, depression, multiple sclerosis, Parkinson’s disease, schizophrenia, stroke and
aging®®. Gastrointestinal microbiome derived metabolites enter the CV circulation, metabolite
exposure can affect the development of diseases such as: atherosclerosis and atrial
thrombosis!?l. Exposure to metabolites is predictive of arterial thrombosis development, it
induces platelet hyperactivity elevating the incidence of thrombotic events!?l,
Lipopolysaccharides are gastrointestinal metabolites secreted by gram-negative bacteria that
naturally occur in the gastrointestinal microbiome3°122123 . Endotoxin CV system exposure
results in systemic inflammation, resulting in the enhancement of inflamm-aging®>122123, In

addition, LPS exposure may elevate the CV disease risk.

2.3.1 Lipopolysaccharides

Lipopolysaccharides form the majority of the outer membrane’s outer leaflet in gram-negative
bacteria (i.e. E. coli), and fulfil two functions. Firstly, it protects the bacteria from harsh
environments!?4125 This occurs in the following manner: the toxin acts as a barrier against
stress factors which makes LPS indispensable for bacterial variability in stressful
environments!?. The bacteria substitute Lipid A sugar moieties with phosphate groups to
achieve outer membrane negativity which therefore interacts with available divalent cations in
the encompassing milieu!?®. This mechanism reinforces the rigidity and tightness of the outer
membrane hence resulting in bacterial resistance to external stress factors!?’. Secondly, LPS
is a highly conserved bacterial structure within gram-negative bacterial species. Thus, making
LPS a vital pathogen associated molecular pattern (PAMP) allowing bacterial recognition by
the mammalian (e.g. human) innate immune system which can initiate bacterial infection
clearance!?®. Swift LPS recognition and sensing of gram-negative bacteria greatly accounts

for the innate immune system activation and response'?. However, this must be a well-
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balanced response. Uncontrolled bacterial growth within human bodies (GIT with leaky guts or
tooth loss resulting in entry or within the CV as seen in sepsis) leads to large LPS quantities

which can result in an overstressed systemic host immune response’?®,

Although, bacteria like E. coli are symbiotic bacteria that primarily reside in the gastrointestinal
microbiome; aging results in the inability to maintain homeostasis in the body and elderly
patients present with impaired gastrointestinal tight-junctions and tooth loss?°. As humans age,
tooth loss increases the possibility of bacterial entry into the CV because the dilation of oral
vasculature resulting in bacterial or bacterial metabolite exposure to a variety of organs®.
Both of these are ports of entry for bacteria to enter the circulatory system. A study conducted
by Nikkari et al. (2001) found that blood from ‘healthy’ individuals can contain bacterial 16S
ribosomal DNA showing evidence that some dormant bacteria does reside in blood3!. The
study raises the possibility for bacterial entry into the CV system and a ‘normal’ amount of CV
bacteria®®!. Aberrant blood microbiota has been found in sequenced blood samples. However,
in addition, microbiotas have been implicated in type 2 diabetes and CV disease®?. Studies
have implicated oral bacterial CV entry in the pathogenesis of periodontal disease-induced
endocarditis and cerebral and/or myocardial infraction'*3. Once within the circulatory system
the LPS molecules are detected by the innate immune system which induces an innate
immune and an inflammatory response'?>3*  Lipopolysaccharide exposure also results in
systemic inflammation that often concludes in weight loss and temperature changes. Weight
loss and temperature changes are the first and/or only sickness behaviour exhibited by LPS
exposed animals, however this is dose dependent**136, Thus, body-weight and temperature

can be used as a health marker when investigating the effects of LPS on the body.

Structure and secretion

The endotoxin is synthesized in the cytoplasmic leaflet inner membrane and consists of three
biologically, genotypically and chemically distinct domains which consist of the following'?>137:
(One) the O-specific polysaccharide or O-antigen, (two) the core oligosaccharide that is lipid
A linked by 3-deoxy-d-manno-oct-ulosonic acid, (three) acylated and phosphorylated lipid A
molecules are anchored in the bacterial outer membrane as seen in figure 2.6'%",
Lipopolysaccharides that consist of all three regions are called smooth (S)- form LPS, while O-

antigen lacking LPS are called rough (R)-form LPS%,
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AN acyl chains of various length
m phosphate group
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Figure 2.6: The schematic diagram of gram-negative lipopolysaccharides- Lipopolysaccharides from
gram-negative bacteria consist of three main subunits (From top to bottom): The O-antigen, the core region and
lipid A.*25

Following assembly in bacterial cytoplasmic leaflet, LPS tightly binds to the MsbA proteins
which flip into the periplasmic leaflet by means of ATP-binding cassette transportation3’. A
study conducted by Wei and colleagues (2017) discovered that when MsbA is in an ADP or
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nucleotide free state it displays an inward-facing configuration that opens transmembrane
domains (TMD) that allow LPS entry*®’. Lipopolysaccharide’s limit thioredoxin binding domain
(TBD) opening and allow the adenosine ATP state in which there is nucleotide-binding domain
(NBD) alignment for ATP to occur resulting in MsbA conformational changes. MsbA
conformational changes inhibit LPS binding and allow periplasmic leaflet acyl chain entry®’.
Adenosine triphosphate hydrolysis then follows resulting in LPS release. After LPS is released
transmembrane helices form a dense bundle and phosphate release results in MsbA regaining

its inward-facing conformation®?’.

2.4 Cardiovascular System Modifications
2.4.1 Cardiovascular systems affected by lipopolysaccharides

Blood: Hypercoaqulability

Researchers have discovered that neurodegenerative diseases patients experience
hypercoagulable states, iron dysregulation and fibrin fibre structural changes?. It is well
documented that LPS causes endotoxin-mediated hypercoagulation through cytokine
activation. Such hypercoagulability, which is associated with pathological fibrin(ogen)
concentration changes that directly affect the coagulation cascade. This disruption becomes
the underlying cause of all thrombotic conditions including venous thromboembolism, ischemic
stroke and ischemic cardiac disease as well as other pathologies®. As a result, an increase in

the fibrin D-dimer product degradation is seen as a dependable CV risk biomarker®®.

Research conducted by Pretorius et al. (2015) found that fibrin thickness was more
heterogenous when LPS was added to the sample?!. These dense matted deposits were
previously seen in inflammatory conditions e.g., stroke and diabetes. The study found that
blood exposed to LPS displays hypercoagulability, but also forms a denser clot as a result of
coagulability parameter changes, however, the exact mechanism in which LPS plays a role in
this outcome is unknown®8. In addition, another study conducted by De Waal et al. found that
LPS resulted in the fibrin(ogen) proteins of healthy individuals to polymerise into the amyloid
form*38, The structural change may result in pathological clotting®*®. Low amounts of LPS
resulted in pathological clotting. The study also explored the fibrin network found in AD,
Parkinson’s disease and type 2 diabetes patients'®. Amyloid formation was found in all of the
illness groups and clotting formation could be reversed by adding LPS-binding agent!3,
Experimental studies have shown that gut-derived LPS are proatherogenic. Researchers have
postulated a relationship between LPS and human atherosclerosis which was suggested by a
forthcoming study that documented the association between LPS systemic circulation and the

atherosclerotic burden®’. Furthermore, LPS may contribute to thrombotic development in
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humans, thus amplifying the platelet response to common agonists. Thus, promoting

hypercoagulability which would further increase the likelihood of CV system complications.

Cardiac muscle

Both, parasympathetic and sympathetic nervous systems control heart rate variability (HRV)
which is important in regulating the oxygen supply of the human?43713_ |t is documented that
the parasympathetic nervous system has an anti-inflammatory pathway that is implicated as
an important factor in inflammation regulation'“. Lipopolysaccharides may alter both cardiac

muscle and the autonomic nervous system, potentially inducing pathogenesis.

It was displayed HRV analysis is a sensitive method used to study the autonomic nervous
system activity in animals, allowing for the detection of sympathetic-parasympathetic balance
fluctuations. The inflammatory response and the autonomic nervous system are closely linked
due to an acute response to endotoxemia being observed. Inflammatory cytokine production
alterations result in local or systemic inflammatory imbalances which are controlled by both the
immune and central nervous systems!#. This response includes innate immune system
response as well as changes in autonomic nervous system activity*?. An animal study
conducted by Zila et al. (2015) found that LPS caused endotoxemia in rats concluding in a
heart rate increase from 306 beats/min to 385 beats/min after LPS administration'#?. This
indicates a decline in vagal activity. They speculated that other mechanisms resulted in a drop
in vagal activity in rats with endotoxemia'#?. Recent studies have found that LPS cause
myocardial inflammation leading to cardiotoxicity due to acute inflammation*3. However, a

wholistic study on how systemic LPS affects the CV system has never been conducted.

2.5 Exploring Manuka honey as a systemic inflammatory

treatment

In addition to the absence of a wholistic study on the systemic inflammatory effects of LPS,
there are no daily treatments for systemic inflammation for the endotoxin. This study proposes
Manuka honey as a possible treatment for the systemic inflammatory effects of LPS because
of its anti-inflammatory, anti-oxidant and wound healing properties?-?2, Similar to other honeys,
Manuka honey is comprised of fructose, glucose, maltose, oligosaccharides and sucrose, as
well as enzymes which include catalase, diastase, glucose oxidase, invertase and
peroxidase#4. Sugar alone results in antibacterial properties in 61% of honeys“5. Honey also

holds anti-inflammatory, antioxidant and anti-hypertensive properties'#®. In addition, Manuka
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honey possesses a low power of hydrogen (Ph) ranging from 3.5-4.5 resulting in increased
angiogenesis and macrophage stimulation. Manuka honey results in hydrogen peroxide
release that is antibacterial, and its uniqgue advantageous antibacterial manuka factor
(methylglyoxal) that aids in heal wounds?3. Clinically, the Manuka factor has successfully
treated gram-negative bacteria such as E. coli through bacterial clearance. Escherichia coli
derived LPS was used in this study induces systemic inflammation?%14’. The unique
properties of Manuka honey contain both the beneficial characteristics of regular honey and
the manuka factor, may be a suitable natural treatment for the systemic inflammatory effects
of LPS, thus resulting in CV protection. This treatment may completely protect against systemic

inflammatory effects of LPS or assist in injury reduction.

2.6 Aims and Objectives

The aim of this study is to investigate the in vivo effect that systemically induced LPS has on
the well-being, behaviour, memory and the CV system, of ten-week-old male Sprague-Dawley

rats and the effect of Manuka honey as a treatment.

To achieve the aim the following objectives have been set:

1. Compare the behaviour and cognition of the experimental (LPS and LPS and Manuka
honey treated) and control (Phosphate buffer saline (PBS) and PBS and Manuka
honey) groups by conducting the following tests:

- The Open field test evaluated overall activity (locomotion and mean speed),
anxiety-like and exploratory behaviour.

- The Y-Maze test evaluated short-term spatial novelty-object recognition (NOR)
memory and,

- The Novel object recognition test evaluated the ability of the test subject to
recognise a familiar stimulus.

2. Measure and compare the body temperatures of the experimental, treated
experimental, control and treated control group.

3. Measure and compare the weight gain rates of the experimental, treated experimental,
control and treated control group.

4. Investigate the ultrastructure of aortic and cardiac muscle cells of the experimental,
treated experimental, control and treated control group evaluating CV health using

transmission electron microscopy.
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Study the elastic fibore morphology of the aorta in the experimental, treated
experimental, control and treated control groups by utilizing the Verhoeff-Van Gieson
staining technique using light microscopy.

Study possible cardiomyocyte and aortic cell morphology aortic by comparing the
nuclei, cytoplasm and connective tissue fibres of the experimental, treated
experimental, control and treated control group by making use of the Haematoxylin and
Eosin staining technique using light microscopy.

Study cardiac tissue fibre polysaccharide expression of the experimental, treated
experimental, control and treated control group using Periodic Acid-Schiff staining
technique using light microscopy.

Determine CV health by measuring total cholesterol concentrations of the
experimental, treated experimental, control and treated control group using a sandwich
ELISA assay.

Study the morphology of the erythrocyte, platelet and fibrin network structure of the
experimental, treated experimental and control, treated control group using scanning

electron microscopy.
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Chapter 3: Methods and
Materials



3.1 Introduction

This present study is a sub-section of a larger study that investigates the effect of LPS on the
behaviour, cognition, weight, thermogenesis, total cholesterol levels and the morphology of
the following tissues: brain (hippocampal matter), cardiovascular-, and hepatic systems. The
study investigates if early low-dose LPS exposure produces similar symptoms found in those

with early AD using a rat model. An AD population is the population of interest.

Animal models are used to investigate various conditions such as CV disease,
neurodegenerative conditions, parasitic infections (e.g malaria) and spinal cord damage.
These studies are vital in understanding the aetiology, pathophysiology and pharmacology of
various diseases'*®, Rats and mice models have lead biomedical research for over a decade

since they are particularly useful in CV and neurological research#,

This present study conducted behavioural studies to evaluate the effect of LPS on cognition
and behaviour by comparing the control and experimental population. Specific neurological

elements were considered when choosing our test subjects such as:

1. Hippocampal neurogenesis: rats experience greater hippocampal neurogenesis than
mice'*®. New hippocampal neurons continue to form, even in adulthood, hence
scientists have theorised that this process plays a key role in learning and memory**,

2. General stress behaviour: Mice often experience greater motor stress and anxiety, and
require longer habituation periods and task training sessions than rats do®1%2, Rats

are typically unaffected by non-cognitive distractors (e.g external stress).

Rattus norvegicus rats commonly known as Sprague dawley rats were used in this study.
Research indicates that rats grow rapidly during their childhood and attain sexual maturity at
around six weeks of age but only gain social maturity five to six months later!>3. Laboratory
rats have an average three year lifespan. When compared to the human aging process the
physiological development of a ten-week-old male rat is the equivalent to a human young
adult’3. This study took the age of the rats into consideration and aimed to explore the effect

of low physiological LPS levels of 0.05 mg/ml on these rats in order to explore the following:

1. The effect of early exposure on the male CV, neurological, and thermo-generation
systems, as well as weight gain and total cholesterol levels.

2. Expand on the information of the neurological effects of early LPS exposure. In
addition, explore Manuka honey as a possible treatment for the effects of LPS

exposure.

The results obtained from this study can be used as a sex and age specific indication of the

systemic effects of LPS exposure. However, the use of male rats provides a general overview
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on the effects of LPS on the CV system and excludes the effects of female gonadal hormones
as confounding factors. In addition, investigating the effects of LPS on the male CV system is
the first step and future studies will compare the effects of LPS on the CV organs of male and

female rats.

During normal aging, humans and rats experience cardiomyocyte swelling and a reduction in
the number of cardiac cells present as a result of loss of function, amyloid and/or lipofuscin
accumulation, and myocardium interstitial fibrosis transpire. These extend to the sinoatrial and
atrioventricular nodes, and the atrioventricular bundle, thus altering cardiac conductivity®4.
The use of older rats would prohibit the clear differentiation between ordinary cardiac aging
and LPS induced cardiac trauma. Using younger rats in the Sprague dawley rat model would
produce greater success in comparative CV evaluations and would aid in producing definitive

results®®®.

3.2 Study Design

Twenty-four male rats (average weight: 250-300 g) were used in this study, following ethical

approval from the University of Pretoria Animal Ethics (protocol number: 171-2020)- and the
University of the Witwatersrand’s Animal ethics committee (protocol number: 2019/07/44C).
The rats were housed at the University of the Witwatersrand Central Animal Service (CAS)
unit where the animals were randomly divided into two control groups (injected with PBS), and
with PBS and Manuka honey (honey sourced only from the manuka plant) and two
experimental groups (injected with E. coli serotype 055: B5) LPS as well as LPS and Manuka
honey each group contained 6 rats. Standard irradiated “Epol” rat pellets and municipal water
provided by ad libitum provided nourishment and hydration to each animal population. The
test subjects were housed conventionally in cages with sizes laid down per the SANS
10386:2008 recommendations in the following conditions: room temperature 25-27 °C (£2 °C),
relative 50% (+ 20%) humidity and a twelve hour night/dark cycle. The rats were housed in
pairs per cage and autoclaved pinewood shaving in addition to enrichment in the form of facial
tissue paper was provided as bedding material as per the standard operating procedures at
the University of the Witwatersrand CAS unit. The rats were acclimatised for seven days prior
to dosage administration. Following that, the ten-day experimental period occurred in which
the subcutaneous injection (SC) sites were alternated. Manuka honey was administered to
the treated control and experimental groups through oral gavage on the 11" day for a seven-
day period. Following that, behavioural tests such as the Open field test, The Novel object
recognition test and the Y-Maze test were conducted on all the test subjects (from day

seventeen to nineteen). Throughout the study, Dr Kimberly Jardine who was the principal
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veterinarian (vet) supervised the health of the animals. The principal investigator conducted
the behavioural tests after receiving training to do so. During the study, experiences of each
animal group were monitored using the Rat Grimace scale (RGS) and welfare form. Following
that, the rats were then be terminated after the total housing period of nineteen days. The test
subjects were terminated on the 20" day during the process their blood and CV organs were
harvested. The mode of euthanasia was by cardiac puncture after which perfusion with saline,
decapitation, dissection, and organ harvesting which was conducted by the vet at University
of the Witwatersrand CAS unit. The animals were terminated by cardiac puncture. The cardiac
puncture was conducted to retrieve blood for the analyses of the blood components and the
decapitation followed allowing all members of the research team to dissect their organs (brain,
heart and liver) in a timely manner. This study only formed part of a larger study. The dissected
CV organs and blood were studied using an enzyme-linked immunosorbent assays (ELISA)
(Total cholesterol concentration test), Light microscopy (LM), Scanning electron microscopy
(SEM) and Transmission electron microscopy (TEM). The project summary is illustrated in

figure 3.1.
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Sprague dawley rats (random sselection)

Total periodi: 20 days
Sex: Male, Age: 10-weeks old, Weight: 250-300 g

v

(6) Vehicle Control group:
(PBS)

(6) Treated control'group’
(PBS and Manuka honey)

7- day acclimatisation and animal handling

Dose: SC 0.1M at a volume of 0.1 ml
per kg of rat
Period: 10 days (injection)

Beginning of administration: 8t day
—

Dose: SC 0.1M at a volume of 0.1 ml
per kg of rat Manuka honey- 50:50
honey: distilled water.

Period: 7 days (gavage + injection)
Beginning of administration: 8" day
(PBS), 11t day (Honey)

(6) Experimental group
(LPS)

v

(6) Treated experimental

group
(LPS and Manuka honey)

Dose: SC 0.01 mg/ml at a volume of
0.1 ml per kg of the rat
Period: 10 day (injection)

e

Day: 20

Termination

Method: Isoflurane: (30 second period), decapitation
Biologicall tissue harvested: Cardiac muscle;, whole blood and aorta

Beginning of administration: 8" day

(LPS), 11th day (Honey)
——

Dose: LPS-SC 0.01 mg/ml at a volume
of 0.1 ml per kg of the rat. Manuka
honey- 50:50 honey: distilled water
Period: 7 days (gavage + injection)
Beginning of administration: 8" day

2

Tests

Behavioural tests (days: 17-19). After termination: Biological tests (ELISA:: Total cholesterol)), Light: micrescopy, (Hiandi E;, VVG;, PAS),
SEM, and TEM

Figure 3.1: Study outline- The study was conducted in the following way, 24 male Sprague dawley rats were acquired and randomly assigned to control
(PBS and PBS and Manuka honey group) and experimental (LPS, and a LPS and Manuka honey) groups. The control test subjects received subcutaneous
(SC) PBS doses while and the experimental test subjects received SC LPS doses for ten days as well as honey oral gavage.
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3.3 Sampling criteria: Control and Experimental Groups

3.3.1 Timeline, control and experimental compound preparations and

animal distribution

The animals experienced a seven-day acclimatisation period in which they grew accustomed
to human contact. Proceeding acclimatisation, random animal division into the control and
experimental testing groups occurred. Table 3.1 summaries the activities that took place

during the study.

Table 3.1: Experimental period overview

Animal study

Days in Experimental Period

1-7 8-10 11-17 17 18 19 20
Vehicle PBS PBS
control (:‘f
PBS + iz PBS PBS + _g § < r__|l3
Honey (H) a H ('_:Dh % S;)Z g
LPS g s LPS o TE 5 %n
LPS + o LPS LPS +
Honey (H) > H

Compound Formulations

During the week of acclimatisation, vials containing LPS and PBS were autoclaved and the
prepared substances were divided accordingly. The allocation and dilution of LPS, PBS, and
Manuka honey are illustrated in the following figure 3.2. The LPS stock solution was dissolved
in PBS and the Manuka honey was diluted in distilled water (Manuka honey 50:50 distilled

water).
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LPS and honey (six
rats)
LPS Dose: SC LPS E. coli 055:

B5 (at 0.1.mg/ml at a volume of
0.05mg/kg of the rat)

Manuka honey dilution: 50:50
honey and distilled water

Experimental

groups (twelve

LPS (six rats)

Dose: SC LPS E. coli (at
4 N\ 0.1.mg/ml at a volume of
0.5mg/kg of the rat)

(24) Male Sprague-
Dawley rats
PBS and honey (six
rats)

PBS Formulation: 0.1M at
Control volume of 0.1mg/ml

Manuka honey dilution: 50:50
groups (twelve honey and distilled water

rats)

PBS (six rats)

Formulation: 0.1M at volume of
0.1mg/ml

Figure 3.2: Sampling criteria and doses- The animals were randomly distributed into control and experimental
groups (six rats each) where they were given either LPS, LPS and Manuka honey, PBS, PBS and Manuka
honey.

After preparation, the LPS and PBS were stored in glass vials and stored at -20 °C until use.
The Manuka honey solution was stored at four degrees Celsius (°C) until use. The weight,
RGS score and welfare of each animal was documented daily. Upon administration day, one
LPS and one PBS vial was thawed and administered. Before the LPS or PBS were
administered the animals were weighed in the following way: the plastic container that was
used to carry a test subject was cleaned and placed on the scale, following that the weight of
the container was tared before the test subject was placed into the box. The weight of the
animal was documented when all of its paws were on the bottom surface of the container and
the scale remained on a single number. The weight of each test subject was documented to
one decimal place. Following that, the animal was removed, and the container was cleaned
with the F10 SC veterinary disinfectant. The weight of the test subject determined the dose of
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LPS, LPS and Manuka honey, PBS and Manuka honey administered. The LPS and PBS were
administered through SC injection while the Manuka honey were delivered through oral
gavage (oral gavage is a procedure involving the passage of a gavage needle into the
oesophagus resulting in the force feeding of an animal). The aim of this technique was to
administer a specific, consistent Manuka honey dosage. All the compounds were administered

at room temperature by a qualified animal nurse.

The pain experiences of the test subject were evaluated daily using the RGS (facial expression
scale). The scale measures the degree of change in four ‘action areas’: orbital tightening, ear,
cheek/nose flattening and whisker changes as seen in figure 3.3. Changes in the action sights
have been identified as expressions the animal may display when experiencing various pain

severities.
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Not present Moderate Severe

Whisker change

Figure 3.3: Rat grimace scale four action sites- The RGS observes four action sites which are orbital
tightening, cheek and / or nose flattening, eyes changes and whisker changes, to determine if a rat is in no,
moderate or severe pain. The pain is scored from zero to two by the severity of the facial expressions that the
rat is exhibiting. Zero was considered no present pain and two signified that the animal was experiencing obvious
pain.?

Severe pain was identified by the following: identifiable orbital tightening which is the
narrowing of the orbital area and eye wrinkling; cheek and/or nose flattening was recognized
as the flattening and elongation of the nose bridge as well as cheek flattening, inward ear
curling and forward angling and widening of the space between the ears, whisker stiffening
and angling on the face. In addition, the whiskers may clump together and may lose their
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natural downward curve form*%®, No animal expressed above-described facial expression and

thus were not in distress.

If the animals displayed persistent distressful signs they were evaluated by the vet. During the
study, the welfare observations of each animal were closely documented. The following
behavioural and physiological signs signified that an animal was experiencing severe distress
and that termination was required: refusal to eat or drink, hunched posture, laboured
breathing, self-mutilation, injection sights oozing pus, avoidant-, aggressive-, and fearful
behaviours, constant diarrhoea and bloody stool, and whimpering vocalisations and 10% body
weight loss. None of the animals required termination and did not experience any of the

undesirable traits described.

3.4 Methods

Animals were housed in cages throughout the experimental procedures as well as handled

and restrained by the vet. Acclimatization and welfare monitoring of the animals were handled
by the principal investigator: Glory Isabella Tambwe under the supervision of the vet. The
groups used were subgroups of a larger research study. The study investigated whether the
LPS induced symptoms that correspond with early AD symptoms. The study specifically
focussed on rats that presented with behavioural changes that are found in an AD population
and how the CV system in this population will be affected due to LPS exposure. We needed
to do the behavioural tests to be able to confirm whether these rats experienced these
behavioural changes. Nevertheless, this study specifically focuses on the CV system while
completing the cognitive and behavioural objectives of the larger study by adding the
behavioural study. The LPS endotoxin administered was expected to induce a systemic
inflammatory response during the experimental period as found in literature. The animals were
monitored for the following possible adverse effects: fatigue, loss of appetite and weight loss;

as a precaution.

3.4.1 Behavioural analysis

Behavioural analyses were conducted to assess and compare the effect of LPS on cognition
and behaviour, thus investigating if the effects of LPS on both factors share similarities to the
early symptoms of AD. In addition, the effectiveness of Manuka honey as a treatment was
also tested on the sample population. Behavioural tests were conducted after the experimental
period using the Any-Maze video tracking software. The behaviour of each rat group was

analysed using the Open field test, Y-Maze and the Novel object recognition test. The

59



movements of each animal were documented by three independent observers (Ms
Nonkululeko Dlhamini, Ms Victoria Verrall and Ms Karabo Rathebe) and the tracking software.
In addition, the observations were recorded by a third-party observer that was unfamiliar to
the experimental protocol thus limiting the bias. The tracking software allowed for the accurate
definition quantification of rat zone entries using an overhead camera. Each test measured a
different cognitive area providing a wholistic view of the effect of LPS on behaviour and
cognition. In addition, effect of Manuka honey on resulting cognitive changes caused by LPS.
The behavioural tests further widened the understanding of the effect that early LPS exposure
has on neurodegenerative disease development by investigating memory and overall
behaviour. The investigation of Manuka honey may provide a treatment for the behaviour and

cognitive symptom induced by LPS exposure.

Open field test
The animals received their last injections after performing the Open field test to prevent an

elevation of anxiety as a result of the injection received. The Open field test is one of the most
popular ethological tests that measures the overall activity of the animal as well as anxiety and
exploratory behaviour!. In this study, the Open field test was used to both habituate the
animals to the testing environment and illuminate anxiety as a confounding factor during the
Novel object recognition and the Y-Maze behavioural tests. The test evaluated the time an
animal spent in the central-, thigmotaxis (outer) and wall area. To achieve this the animals
were allowed to freely explore an open arena surrounded by walls. In our scenario the animals
were placed on a 0.44 m x 0.52 m plexiglass apparatus with 50 cm high walls. The plexiglass

apparatus formed the field as seen in figure 3.4.

A B

camera

Open field apparatus

View from the top

2 . Center area

0,5m /V
n/ ["’] Thigmotaxis area

....:::‘,. ]
é > [ Wall area

%
. | Y 2
Low-leaning High-leaning
< >

0.44m x 0.52m

Figure 3.4: The Open field test- The animals were placed on a 0,44 m x 0.52 m plexiglass apparatus with
0.5m high walls. The plexiglass apparatus formed the field (A) Horizontal view of the testing area. (B) View
from the top?.
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The testing field was prepared by cleaning the grid with F10 SC veterinary disinfectant after
each observation period preventing behavioural manipulation through olfactory cues left by
the last test subject. The software divided testing field into squares. The number of squares
that were crossed during the experimental period were counted and served as a measure of
locomotor activity. The exploratory behaviour was assessed through the monitoring of the
entry and exiting of the centre area and thigmotaxis area. When conducting the Open field
test, studies have found that rodents prefer the thigmotaxis area, however, increased time in
the central area were indications decreased anxiety!®’. Time in the central area indicated
reduced stress levels while elevated thigmotaxis time indicated distress®®’. The behavioural
responses of each animal were recorded using a video camera for a five-minute observation
period in the field. Each animal was exposed to the Open field test twice. The first exposure
was to habituate the animals to the field thus eliminating general anxiety caused by the
exposure to an unfamiliar environment. The second was to measure the overall stress and

anxiety experienced by the animal.

Stressed and anxious behaviour was identified by observing the following parameters:
defecation, grooming, locomotion and exploration?®’. Research has shown that anxious and
stressed animals displayed decreased locomotor activity and a reduction in exploratory
behaviour'®®, In this study, reductions in locomotion and exploration were indications of
stressed and anxious behaviour. Increased locomotion and exploration exhibited relaxed
behaviour'®’. The following variables were tested: Total distance travelled, mean speed, time

mobile, time immobile, immobile episodes, centre: entries, centre time.

The Novel object recognition test

The Novel object recognition test was conducted after the Open field test. The test evaluated
The test evaluated the ability of an animal to recognise familiar stimuli, which was an indication
of short-term and long-term memory**°. The test was conducted to evaluate if the LPS
exposed animals experienced a loss of memory and if so, if Manuka honey reduced or

prevented the presentation of this symptom.

The Novel object recognition test is a non-spatial, non-aversive two-trial cognitive paradigm
test that assessed recognition memory and relies on spontaneous exploratory behaviour!>®
162 The test was used for the following reasons: it does not involve multifaceted evaluation
methods that involve complex tasks, long training periods and/or water or food deprivation®.
Such methods are strenuous on animals. The advantages of the Novel object recognition test

in this study were the rapid administration, swift data collection, it is cost effective, non-
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rewarding and relies on the natural novelty preference of the rodent resulting in the production

of high quality cognitive data'.

The test consisted of two trials and each trial consisted of two phases: familiarisation and the
testing phase. During the familiarisation phase an animal was removed from its cage and
placed in the testing block (0.44 m x 0.52 m) where two identical objects were placed. The
animal was then released against the centre of the opposite wall with its back to the object.
During the familiarisation phase, the test subject was given five minutes to explore identical
familiar objects Block A and B. Following this, the animal and the blocks were removed. The
testing area and blocks were cleaned with F10 SC veterinary disinfectant after each
observation period to eliminate olfactory cues. The retention period followed and the animal
was placed in a cage for an hour. Following that, the animal was removed from the cage and
placed in the testing block. During the testing phase the testing block was arranged in the
following way: the familiar object (Block A), used in familiarisation phase, was placed and
remained in place while the identical block (Block B) was removed, and the area remained
empty. Two and a half minutes into the testing phase, a second novel object (Block C) was
placed where Block B had been placed during the familiarisation phase. Block C was a
different colour and shape to Block A and B. The objects used in this experiment were small
toys (eight to twelve centimetres in length) with a variety of colours and shapes that were fixed
on the floor with removeable adhesive tape. The animal was allowed to explore for an

additional two and a half minutes seen in figure 3.5.
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Figure 3.5: Novel object recognition test- During the habituation phase the animals were placed in the 0.44
m x 0.52 m testing box that first contained block A. The test subjects were allowed to explore for five minutes.
During the testing phase the animals were placed in the testing block with block A for two minutes and a half
then the block C, the novel object was placed in the testing block. Actual image.

The time that the animal was in a one-centimetre radium of the novel object (Block C) was
recorded. The test subjects were expected to spend more time with the novel object (Block C)
than the familiar object (Block A). Two trials were presided over in the same manner. During
the first trial the short-term memory of the test subject was evaluated, however during the
second trial the long-term memory of the animal was evaluated®®. The following variables of
each trial were documented: (familiar) block A entries, (familiar) block A time, (new) block C
entries, and (new) block C time. Test subjects that remember the familiar objects will spend
more time exploring the novel object!®3. During the first trial, the trial variables of the control,
treated control, experimental, and treated experimental populations were compared. A
declined short-term memory would be displayed as a significant difference (decease) between
the time the control group spends at the block C and the time a testing group resides at block
C. During the second trial the same comparison is made between the groups however, the
rats are expected to spend less time at Block A than they did in the first trial and more time at
block C. However, primary determiner of if the test group is experiencing memory loss is if
they display a significant difference (decease) between the time the control group spends at
the block C and the time a testing group resides at block C.
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The Y-maze novelty preference test

Following the Novel object recognition test, the Y-maze novelty preference test was
conducted. The Y-maze test evaluated short-term spatial memory. The test consisted of the
exploration of a Y shaped maze!®*. Each animal was placed in the Y-maze which consisted of
three arms. The three arms were 120° degrees in relation to each other. The Familiar (F) and
Novel arm (N) were 0.549 m in length and the walls were 0.5 m in height while the Start (S)
arm was 0.63 m long and the walls were 0.5 m in height. The test was divided into two phases.
During the first test phase (habituation trial), the N arm was obstructed and each animal was
placed in the S arm as seen in figure 3.6. The animals were allowed to roam the maze for five
minutes through to one F arm, while Any-Maze calculated the following: distance travelled,

mean speed, number of entries and time spent in the familiar and start arms, number of entries

and time. Following that, the animals were removed from the maze.

Figure 3.6: Y-Maze novelty preference test- The Y-maze in image A is the maze that was used for testing.
During habituation each the test subject was placed at the S arm and allowed to explore for five minutes. During
this phase the novel arm was barricaded. During the test phase the animals were allowed to explore the S, F
and N arms. Image B illustrates a Sprague Dawley rat in the Y-maze. Actual images.

During the second trial (testing phase), each animal was allowed to rest before the testing
phase in which exploration of all three arms was allowed. The N arm remained unobstructed
and the following was documented: distance travelled, mean speed, number of entries and
time spent in the familiar and start arms, number of entries and time, N arm entries and time

spent. The more time spent in the N arm indicated that the test subject retained its short-term
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memory. This phase took place for five minutes. The test results were then gathered and
analysed. Following each test subject, the testing area was cleaned with F10 SC veterinary
disinfectant to eliminate olfactory cues. The following data was collected: Total distance

travelled, mean speed, F arms: entries, F arms: time, N arm: entries, N arm: time.

3.4.2 Termination

Termination procedure

Before termination began, animals were weighed and their body temperatures documented.
The core body temperature of each animal was measured in ‘C by inserting a digital
thermometer tip into the rectum, where it remained for a 30 second period before giving the
temperature reading. Following that, the temperatures were recorded and later compared. The
thermometer was cleaned and disinfected with F10 SC veterinary disinfectant. Following that,
an animal received an Isoflurane dose for a 30 second period during that period a cardiac
puncture was performed allowing for blood extraction into a sodium citrate (SEM) and a serum
(Total cholesterol test) vacucare test tubes after which perfusion with saline was performed
and decapitation using a gelatine was the mode of termination. Following that the organs
were dissected. This method allowed for the least amount of tissue and coagulation changes.
Appendix A provides detailed list of the materials and chemicals used during this project while
Table 3.2 provides short summary of the materials needed for sample collection and storage.

Figure 3.7 summarises the technigues used in the study.

Table 3.2: Materials, sample collection and storage

- Chemicals: Fixative- (All vials must

contain) 4% formaldehyde (Merck: - Crushed ice

F8775-25ml) - Eppendorf tubes (Epi’s) (2 ml)
- Surgical Blades - Permanent marker
- Petri dish - Citrate blood tubes (2.7 ml)
- Freezer box - Red serum blood tubes (5 ml)
- Cooler bag

Sample collection

Total cholesterol Serum red tube (40 tubes: 4 ml)
Blood: Serum
ELISA
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Sprague Dawley rat samples

Blood drawn Cardiac and aortic tissue taken
1. Centrifuge and freezes 2. SEM: WB Stored at 1. Tissue cutting and fixation
serum and plasma ELISA room temperature, (4% formaldehyde)
samples smears conducted,
carbon coating
2A. TEM preparation: 2B. LM: Machine
Thawed, Processed (Total Glass slides placed on tissue samples placed in preparation

resin and cut

v

Placed onicoppergrids

cholesterol and cardiac
troponin-i)

metal plates/and/carbon
coated

Samples placedon slides

Viewed: Zeiss Ultra PLUS FEG
SEM of Zeiss Crossbeam 540
FEG SEM

Stained (uranyl acetate and lead
citrate) and viewed: JEOL JEM
2100F TEM

Results viewed on; Epoch Biotek
spectrophotometer
0.D absorbance: 450nm

Stained and viewed: Zeiss
AXIO Imager.M2

Figure 3.7: Preparation seguence- Blood was acquired through cardiac puncture, left ventricular cardiac and aortic tissue during the termination.
The samples were processed in the following order: 30 minutes after the blood was drawn the ELISA blood samples were centrifuged and frozen (-
80 °C). The samples were later, thawed, processed and an O.D absorbance (optical density absorbance) was read at 450 nm. SEM and LM was
prepared from whole blood samples. The TEM samples were processed from tissue samples.
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3.4.3 Biochemical analyses

The biochemical analyses used in this study were ELISAs which was used to measure the
total cholesterol of each testing population. The results were used to determine the impact on

cholesterol homeostasis®®.

Total cholesterol (Rat) ELISA Kit test

Method rationale: The total cholesterol test was utilised because cholesterol concentration in

the CV system gives an indication of a cholesterol homeostasis disruption. Such a disruption
indicates the effect of LPS on cholesterol regulation as well as the ability of Manuka honey to
treat the disruption.

Method:

The QuickDetect™ total cholesterol (Rat) ELISA (Biovision kit: K4436-100) was used: The
reagents, samples, and standards solutions were prepared according to manufactures
instructions which were as follows: 40 yl of sample dilution buffer and 10 pl were added into
the wells (the dilution factor of five). Seven samples from each group were used and later
compared, the samples were tested twice. One well remained empty as a blank control.
Following that, the blood serum samples were loaded onto the bottom without touching the
well walls and the wells were gently shaken on a plate shaker. The samples were sealed and
incubated for 30 minutes at 37 “C. After the incubation the seal were removed and the samples
were aspirated and refilled with the wash solution. The washing procedure was repeated five
times. Fifty microlitres of Horseradish Peroxidase (HRP)-Conjugate reagent was added to
each well, except the blank control well and incubated for 30 minutes at 37 “C. Following that,
the samples were aspirated and refilled with wash solution. The washing procedure was
repeated five times. Following that, 50 pl of Chromogen Solution A and 50 pl Chromogen
Solution B were added to each well. The samples were then mixed by gently shaking the well
and incubated in the dark at 37 °C for fifteen minutes. Fifty microlitres of stop solution was
added to each well to terminate the reaction. The colour in the well changed from blue to
yellow. The absorbance readings were processed using Gen 5™ plate reader software, fifteen

minutes after adding stop solution. The OD value for the blank control well was set as zero.
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3.4.4 Light microscopy

Preparation:
The rat harvested hearts and aorta were longitudinally and transversely sectioned and fixed

in the 4 % formaldehyde fixative. The samples were fixed for 24 hours at room temperature
before the tissue samples were rinsed with 0.1 M PBS three times for 30 minutes. Following
the rinsing, the samples were dehydrated with 50% ethanol for 30 minutes, 70% ethanol for
an hour, 90% ethanol for an hour and lastly the samples were dehydrated twice in 100%
ethanol for an hour. The samples were then placed in 100% ethanol overnight. The following
day, the samples were treated with 50% xylene in ethanol for 30 minutes. Following that the
samples were placed in xylene for two hours. The samples were also placed in wax | (30%
white parafilm wax and 70% xylene) for an hour at a temperature of 60 °C then in wax Il (70%
wax and 30% xylene) for an hour at a temperature of 60 °C and lastly in wax Il (100% wax)
for two hours at a temperature of 60 ‘C. The samples were then placed on a grid to cool down
at four degrees Celsius. Finally, the tissue was sectioned using the Leica RM 2255 microtome
then placed on warm water at 45 °C in the Thermo scientific section flotation bath, then
mounted on glass slides before being placed on the Raymond A lamb slide warmer to dry at
45 °C (Setting: five).

Deparaffination

The wax slides were emersed in xylene for ten minutes. Following that, the slides were placed
in a new xylene container for five minutes to remove the wax. If the slides still contained wax,
the slides remained in the xylene for an additional five minutes. The samples were then placed
in series of ethanol concentrations: 100% ethanol for four minutes, following that, 90% ethanol
for one minute, and lastly in 70% ethanol for one minute. Following that, the slides were placed

distilled water for one minute. All of the steps were performed at room temperature.

Haemoxylin and Eosin

Method rationale: The H + E staining was used to identify and investigate the effect of LPS

on cardiomyocyte and aortic general cell morphology by comparing the nuclei, cytoplasm and
connective tissue fibres of the control and experimental groups. Manuka honey was
investigated as a possible treatment for the effects of LPS. Haematoxylin and Eosin staining
reveals various tissue structures clearly allowing for cytological criteria, tissue sample quantity

and classification examination®®. Table 3.3 describes the properties of each stain.

Table 3.3: Haemoxylin and Eosin summary
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Haemoxylin and Eosin

Identified structure(s) Colour (range)

Light blue to dark blue-

Haematoxylin Nuclei
purple
Cytoplasm
Eosin Connective tissue fibres (elastic fibres, Pink to red

mucins, muscle striations)

Working chemical reagents:

1. Mayer's Haematoxylin: Fifty g of potassium aluminium was dissolved in in 1 L of 50%

ethanol. Followed by, Haematoxylin being dissolved in the same solution. 0.2 grams
of sodium iodate was added, then 1 g of citric acid and 50 g of chloral hydrate followed
by distilled water resulting in the total volume of the solution equating to 1 litre. The
solution remained undisturbed for three days before usage could occur.

2. Scott’s buffer: Two grams of potassium bicarbonate and 20 g of magnesium sulphate
were dissolved in 1 litre distilled water.

3. One percent Eosin solution: Two grams of Ethanol soluble Eosin was dissolved in 198
ml of 95% ethanol.

Method:

Cardiac and aortic wax sections were deparaffinized as described above then placed in

Mayer's Haematoxylin’s fixative for fifteen minutes. The glass slides were placed in Scott’s
buffer for eight minutes. Following that, the samples were repeatedly submerged in distilled
water for ten seconds then dipped in 1% eosin. The glass slides were rinsed in distilled water
for one minute. The slides were briefly submerged in 70%, 90%, 100% ethanol, and then
xylene. Following that, the samples were mounted with Entellan® new (Merck 12 Gaa) and a
coverslip was placed over the samples. Photos were captured using the Zeiss AXIO
Imager.M2 light microscope (Zeiss Group, 2 Roger Place Unit 1A, Gillitts Office Park 3640,
Durban, South Africa). The tunica adventitia width of each group was measured using ImageJ

and the values were compared.

Periodic acid-Schiff

Method rationale: The PAS staining method identifies carbohydrates or glycoconjugates, table

3.4 lists PAS reactive tissue and cell components.

70



Table 3.4: Periodic Acid-Schiff reactive tissue and cell components

Markers identified

Glycogen (specific to cardiomyocytes)
Starch

Mucin (sialomucin, neutral mucin)

Basement membranes

a-antitrypsin

Reticulin

Fungi (capsules)

Pancreatic zymogen granules

Thyroid colloid

Corpora amylacea

Russel bodies

The stain reacts to the free aldehyde groups within the carbohydrates and the Schiff reagent
reacts with the free carbohydrate aldehyde groups that result in a bright red or magenta end
product concluding in polysaccharide identification'®’. Glycogen cardiomyocyte presentation
is of primary interest in this study®’. The Schiff reagent’s glycoprotein reactivity within the
basal lamina results in the PAS technique which is extremely valuable in basement membrane
width assessment!®®, Increased basement membrane thickness occurs in a number of
pathological conditions®’. More specifically, the technique will identify cardiomyocyte hypoxia
or normoxia depending on the colour displayed. During cardiomyocyte normoxia, a low
glycogen accumulation rate is maintained and the cells are stained purple. During hypoxia, an
elevated glycogen content would present in the cardiomyocytes thus the cells would stain
bright or magenta while employing the PAS staining method?6°. The technique investigated if

LPS induces cardiomyocyte hypoxia and if Manuka honey is an effective treatment.

Method:

The Periodic acid-Schiff kit was supplied with working chemical reagents in the kit. The cardiac
muscle sections were deparaffinised as previously described and hydrated in distilled water.
The slides were immersed in Periodic Acid Solution for five minutes at room temperature and
then rinsed in distilled water then immersed Schiff's reagent for fifteen minutes at room

temperature. The slides were rinsed with running tap water for five minutes then
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counterstained in Haematoxylin Solution, Gill no 3 for 90 seconds. After this the slides were
rinsed with running tap water. Then dehydrated with 70, 90, and 100% ethanol then xylene.
The slides were cleared and mounted in resin. The samples were viewed using the Zeiss
AXIO Imager.M2 light microscope.

Verhoeff-Van Gieson

Method rationale: Verhoeff-Van Gieson (VVG) is a histochemical stain which enables the

visualisation of elastic fibres, identification of normal and abnormal (pathological) aortic elastic
fibres differentiation’’®. Elastic fibres are one of the connective tissue types and their main
function is to provide elasticity and flexibility. As a result any abnormalities in blood vessel
wall elasticity concludes in pathology!’*. Abnormal elastic fibre pattern detection aids in

pathological condition diagnose!’..

The VVG stain is particularly useful in evaluation elastic lamina pathologies found within elastic
arteries like the aortal’2. Using this stain arthrosclerosis may present itself as elastin fibre
fragmentation and atrophy within the laminal’3. Pathogenesis may begin with lipid deposition,
intimal fibrosis and increased local elastase concentrations within the arterial tissue.
Degenerative valvular changes seen in patients with aortic stenosis presents as internal elastic
lamina erosion and displacement. The stain allowed for the investigation of the effect of LPS
on the elastic fibre organisation and if Manuka honey was an effective treatment for these
changes. Verhoeff-Van Gieson allows the viewing of varying degrees of elastic fibre
degradation within a blood vessel. This method defines the staining patterns presented in table
3.5

Table 3.5: Verhoeff-Van Gieson staining identification

Tissue type

Red blood cells and cytoplasm Muscle Collagen Nuclei Elastic fibres

Yellow Orange Red Blue/grey/black Blue black to black

Working chemical reagents:

1. Ferric solution: Six ml of Ferric chloride solution was added to 74 ml of distilled water.

2. Elastic solution: Sixty ml's of the provided ethanol soluble Haematoxylin, 9 ml’s of

Ferric chloride, 24 ml’s of Weigert iodine and 15 ml of distilled water were coalesced

into a glass bottle.
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Method:

The aorta wax sections were deparaffinized (as previously described) and hydrated in distilled
water. The slides were placed in a working elastic stain solution for five minutes then rinsed
in running tap water. Following that, the slides were dipped in differentiating Ferric Chloride
solution for 30 seconds and then rinsed in tap water. The slides were checked microscopically
to determine correct colour appearance and if the targeted structures could be correctly
identified. If the samples were over differentiated (Ferric Chloride produced an overpowering
colour) the samples were returned to the working elastic stain solution. The slides were rinsed
in 95% ethanol to remove the iodine!’. Following that, the slides were rinsed with running tap
water and then stained with in Van Gieson Solution for one minute. The slides were then
rinsed in 95% ethanol and dehydrated with xylene. The slides were cleated and mounted in

Entellan® new (Merck 12 Gaa) and viewed using Zeiss AXIO ImagerM2 light microscope.

3.4.5 Ultrastructural analysis of erythrocytes, fibrin networks and

platelets using Scanning Electron Microscopy

Method rationale: Scanning electron microscopy was used to gather descriptive data on the

erythrocytes, platelets and fibrin networks of the control and experimental group using whole

blood (WB). The technique provided an ultrastructural view of the cell surface!’.
Method:

This technique did not require the preparation of working chemical reagents and the samples
were prepared in the following way: 10 pl of the rat WB sample were placed on a 10 mm round
coverslip. Following that, a 5 yl thrombin droplet was placed on a coverslip and 10 pl of the
same blood sample was placed on the thrombin droplet. A bent pipette tip was used to
carefully spread the sample droplet over the coverslip. The sample dried at room temperature
for up to one minute. The WB sample and thrombin were allowed to dry one quarter of the
coverslip’s radius. When the blood and thrombin mixture formed a gel-like layer the coverslips
were washed immediately. Duplicates of each sample were produced. The coverslips were
transferred into 24 well plates and covered with PBS for fifteen minutes. The solution was then
discarded and the sample was fixed with 4% formaldehyde for 30 minutes. The fixative was
then removed and discarded following a PBS wash for three times three minutes each time. If
the samples were still thick the sample plates were gently shaken five times allowing the PBS
to wash over the blood sample. The samples were then transported to the fume cupboard
where the third PBS wash was removed and discarded in the appropriate waste after which

four to five 1% osmium tetroxide drops were placed directly on the coverslip. The same
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number of distilled water (ddH>O) drops were placed on the coverslip, following that the
samples were left covered and undisturbed for fifteen minutes. The osmium tetroxide/ddH>O
solution was removed and the samples received three buffer washes (with PBS) for three
minutes each. The first wash was discarded in the osmium tetroxide waste. An ethanol series
dehydration took place in which the samples were washed in 30%, 50%, 70%, 90%, 100%
ethanol for three minutes each. The 100% ethanol wash was repeated thrice. Then the ethanol
was discarded in the fume cupboard and the samples were placed in hexamethyldisilazane
(HMDS) for 30 minutes. The solution was then discarded and one HMDS drop was placed
directly on the sample. The well was tilted to draw off excess solution. The edge of the
coverslip was lifted to allow the bottom to dry using a blood collecting needle. The HMDS was
left to evaporate. After the HMDS had evaporated, the glass plate was mounted on a steel
plate and coated with carbon. Coated erythrocytes, fibrin network structures and platelets were
visualised with a Zeiss Ultra PLUS FEG SEM (Zeiss Group, 2 Roger Place Unit 1A, Gillitts
Office Park 3640, Durban, South Africa).

The images were classified into various categories that indicated erythrocyte, fibrin network
and platelet structural normalcy. The cells were scored on an overall cell profile abnormality
rating as displayed in table 3.6.

Table 3.6: Overall scoring system
Some visible cell or
fibre changes
++ 4+

An individual cell was scored according to its morphology as well as a membrane change. The

manner in which the cell is scores is illustrated in table 3.7.

Table 3.7: Cell membrane damage scoring system

Mild membrane
changes
++ +++
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An erythrocyte or group of erythrocytes were classified into four categories which were normal
biconcave erythrocytes or spherocytes or echinocytes or knizocytes as seen in figure 3.8,

The degree of membrane damage was rated according to table 3.8.

Table 3.8: Erythrocyte scoring system

- + ++ +++

Figure 3.8: Erythrocyte classifications- These SEM images are examples of different erythrocyte categories
that may be seen in our study. Normal erythrocyte biconcave (-) morphology is seen in Figure A. However,
Figure B illustrates a spherocyte (+) which is a small, globular, completely haemoglobinated erythrocytes.
Spherocytes are erythrocytes undergo a morphological change in which they become sphere-shaped. While
Figure C illustrates an echinocyte (++), which is an erythrocyte with a crenated or spiked surface that is
synonymous with cellular membrane damage caused by various cytolytic compounds. Figure D illustrates a
knizocyte (+++) is an erythrocyte that presents with two concavities, the erythrocyte type has been associated
with hemolytic anemia.’®

The platelet structure of the control and the experimental group were classified in three
categories as displayed in figure 3.9 and the platelet abnormality scoring system is illustrated
in table 3.9'7%. The platelets are classified into the following categories: normal, minor platelet

spreading and complete platelet spreading.

Table 3.9: Platelet scoring system
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Figure 3.9: Platelet classifications- These SEM images are examples of different platelet categories used in
this study. Figure A is an example of a normal platelet (+). While Figure B displays a platelet illustrates a minimal
shape change and possess a few pseudopodia (white arrows) this is classified as minor platelet spreading (++).
Figure C and D display platelets that are completely spread (+++) and exhibit platelet spreading (black
arrows).176

The fibrin network structure of the control and experimental group were classified as normal
or abnormal based on the degree of tautness and fibre bending as seen in figure 3.10%6. The

fibrin networks were scored using the guidelines found in table 3.10.

Table 3.10: Fibrin network scoring

Mildly less taut and
disordered

- + ++ +++

76



Figure 3.10: Fibrin network classifications- These SEM images are examples of the different possible fibrin
network categories. A typical normal control fibrin network (+) can be seen in micrograph A. These networks
have predominantly taut, straight fibers and a mixture of thin and thick fibrin fibers as indicated with the red and
white arrows. Micrograph B-D are examples of an abnormal fibrin network, the fibrin fiber networks are less taut
or bent as indicated with the blue arrows.7¢

The WB of the control and experimental groups were analysed and compared allowing for the
investigation of the of effect of LPS on erythrocyte, platelet and fibrin network structure.

Manuka honey was the proposed treatment for the effects of LPS.

3.4.6 Morphological analysis of tissues using Transmission electron

microscopy

Method rationale: Transmission electron microscopy was used to investigate the

characteristics of cardiac and blood vessel tissue on a high magnification for both the LPS
treated and control animal specimens. This technique is a significant tool in visualising the
ultrastructure of pathology and normal cells and tissue'’”. Upon preparations, longitudinal and
transverse cardiac muscle sections were processed to view various structures. The
longitudinal sections allowed for the cardiac myofibril observation and investigation between
the control and experimental groups while transverse sections were obtained to investigate
mitochondrial ultrastructure. The aortic tissue was prepared in transverse sections resulting in
the elastin and collagen fibre comparison between the above-mentioned groups. Collagen
provides tensile strength and rigidity to the aorta. The high-resolution viewing of a cell or tissue
allows for cellular pathology diagnosis with the central principle of electrons passing through
the cell or tissue section resulting in the specimen image. Although LM techniques may have
limitations on the information displayed through staining methods that show cell distribution

and structure, it is limited in its membrane and organelle display. However, this is remedied
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by the use of TEM. This results in the identification of tissue ultrastructure allowing for

differences to be identified before physiological symptoms are present.

Working chemical reagents:

1. Agar 100 resin: Forty-eight point nine grams of Glycidyl ether 100, 22.8 g of

Dodecenylsuccinic anhydride, 28.3 g of Methyl nadic anhydride were incorporated
together on a metallic stirrer. Following 30 minutes, Tris(dimethylaminomethyl)phenol
was added and the contents was stirrer for another 30 minutes.

2. Two to one Ethanol: Agar 100 resin dilution: 100% ethanol was added to half of its

guantity in Agar 100 resin.

3. One to two Ethanol: Agar 100 resin dilution: A single volume of 100% ethanol was

added to double its volume in Agar 100 resin.

Method

The heart and blood vessel tissue were first cut in five-by-five-millimetre blocks then fixed in
4% formaldehyde solution for 24 hours. The fixative solution was removed and the samples
underwent three, fifteen minute 0.1 M PBS buffer washes. After the third buffer wash a 1%
osmium tetroxide solution was added to complete the fixation step. The sample remained in
the osmium tetroxide for an hour. Following that, the sample was washed three times with
PBS, for 15 minutes each. The samples were dehydrated in a series of 30%, 50%, 70%, 90%

ethanol then three times in 100% ethanol. Each dehydration step had a fifteenminute duration.

The infiltration process had two steps: a two to one Ethanol: Agar 100 resin mixture was added
to the samples for an hour followed by a one to two Ethanol: Agar 100 resin mixture for two to
four hours. The ethanol resin solution was removed. One hundred percent Agar 100 resin was
added to the samples that were then assigned a sample number and embedded into rubber
moulds. The embedded samples were placed in an oven for 36 hours at 60 °C for
polymerization. Following the 36-hour period, the samples were removed from the oven and
cut into semi-thin sections (0,35 um) with the ultramicrotome. The sections were placed on
glass slides and stained with Toluidine blue then samples were cut into ultra-thin (50-90 nm)
sections and placed onto three mm diameter copper grids, stained with uranyl acetate and
lead citrate for contrast. The stained samples were viewed using a JEOL JEM 2100F TEM
(Zeiss Group, 2 Roger Place Unit 1A, Gillitts Office Park 3640, Durban, South Africa).
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Chapter 4: Animal
behaviour analyses



4.1 Chapter Objectives

Compare the behavioural profiles and memory of the experimental (LPS and LPS and Manuka

honey treated) and control (PBS and PBS and Manuka honey) groups by conducting the

following tests:

- The Open field test evaluated overall activity (locomotion and mean speed),
anxiety-like and exploratory behaviour.

- The Y-Maze test evaluated short-term spatial novelty-object recognition
(NOR) memory and,

- The Novel object recognition test evaluated the ability of the test subject to

recognise a familiar stimulus.

4.2 Introduction

Neurodegenerative diseases can affect the brain of an individual in different ways such as
localised or general brain structure damage and/or the malfunction of various areas or
receptors. The reduced homeostatic ability found in the elderly results in neurodegenerative
diseases falling mainly within this age group. Alzheimer’'s disease is a neurodegenerative
disease that primarily affects the elderly’’®. However, males experience young age onset,
shorter disease duration and display atypical clinical presentations. Various CV diseases (e.g
AF, coronary heart disease, and heart failure) have an elevated prevalence in men and
increase the probability of neurodegenerative disease development®-8, Lipopolysaccharides
are found in the brain matter of AD patients and may also result in CV disease pathogenesis®
9717 In addition, clinicians have found that in early pathogenic stages, cognitively healthy
elderly individuals present with high B-amyloid (AB) levels'’®8. These findings support the
observations that AB positivity in these individuals is linked to episodic memory decline,
greater medial temporal lobe area loss, increased AR accumulation, other cognitive aspects
and elevated development rates to clinical classification of mild cognitive impairment or AD

dementia61,l78,l8l-l82

Elevated age is the greatest AB positivity risk factor in cognitively healthy adults’®. A study
conducted by Ossenkoppele et al (2015) has shown that 10% of adults aged 60 to 70 years
old, 25% of adults aged 71 to 80 years old and 40% of adults that are older than 80 years old,
are AR positive®3, This is significant since research has shown that LPS-type glycolipids have
a high affinity for neuronal nuclear membranes. Nevertheless amyloid-§ 42 (Ap42) peptides

play an important role in facilitating LPS entry and translocation into the neuronal cells and
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across the neuronal nuclear envelopes in human neuronal glial cells that are in primary co-

culture®,

Alzheimer’s disease clinically presents with neuron destruction in various parts of the brain
that are important for memory such as the entorhinal cortex and hippocampus. As the
pathology progresses, it later affects areas of the cerebral cortex that are responsible for
language, reasoning and social behaviour®, There is a large quantity of evidence showing a
close link between neuroinflammation and neuropsychiatric disorders such as depression and
memory deficits'®-187, Research has found that LPS brings about an inflammatory response
that plays a crucial role in neuropsychiatric dysfunction of a rodent!®®. Lipopolysaccharides
release many pro-inflammatory cytokines such as interleukin-13 (IL-13) and tumour necrosis
factor alpha (TNFa)!818, Interleukin-1B is vital to the oxidative and neuroinflammatory
responses bought about by LPS and has been identified as a key mediator in behavioural
dysfunction found in rodents'®-18° The consequence of its administration in an animal model
is anhedonia (the inability to experience pleasure in when participating in normally pleasurable

activities), fatigue, impaired social interaction, memory deficits and weight loss*®°.

Lipopolysaccharides may also cause or worsen AD*®!. The current study tested the effects of
LPS on memory and the psychological profiles of the animals by preforming behavioural
analyses using the Any-Maze video tracking software. These analyses were done in order to
confirm that LPS induces an AD type of dementia as this is the type of population that is of

interest.

The analyses that were conducted on the control and experimental groups are as follows: The
Open field test, Y-Maze test, and the Novel object recognition test. The tests used are
standardised behavioural and cognitive tests that have been formulated and currently used in

research92-19,

The aim of this chapter was to explore the effect of LPS on the behavioural profile and memory

as well as present Manuka honey as a possible treatment for the effects of LPS.

4.3 Results

4.3.1 The Open field test analysis

The overall mean scores of each animal group was compared using a One-way Analysis of
Variance (ANOVA) test. The means of the test variables described in chapter three were
compared and tested for statistical significance using a Two-Way ANOVA at a P-value < 0.05.

The test revealed that there was no significant difference between the experimental and
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control groups. The control and experimental groups did not present with any statistical
differences within any category. All statistical tests were conducted using the GraphPad Prism
9.0.0 software. The statistical data is displayed in table 4.1, 4.2 and 4.3, figure 4.1 and 4.2.

Refer to chapter ten Appendix B for the complete data set.

The group statistics (mean, median and p-values) are found in table 4.1, the means of the
experimental and control groups were ranked from one being the lowest and four being the
highest ranked group in that specific category. The control group presented with the lowest
mean distance travelled, mean speed, overall mobile time, outer zone mobile time, third most
centre zone entries and longest overall immobile time. While the treated control group
presented with shortest time occupying the centre zone, the second lowest overall immobile
time, outer zone mobile and immobile time, and centre zone entries, while displaying the
second highest overall all mobile time, and the highest distance travelled, mean speed, and
outer zone: mobile time. Meanwhile the experimental group displayed the following test
results: the shortest time overall and outer zone: immobile time, second shortest centre zone
time, the second fastest mean speed and second greatest mobile time spent in the outer zone.
In addition, the treated experimental group presented with the lowest time centre zone entries,
the second shortest distance travelled, slowest mean speed and overall mobile time, while
displaying the third largest overall- and outer zone- immobile time and time occupying the

centre zone.

Table 4.1: Open field- Test groups statistics

Ranking Category P-values Mean =+ SD Median
1 PBS 16,046 + 2,84 15,223
2 LPS +H 16,93 £ 2,11 17,005

Distance (m) 0.799
3 LPS 17,11 + 3,03 16,63
4 PBS +H 17,36 + 4,15 17,368
1 PBS 0,089 +0,0158 0,085
2 LPS +H 0,094 +0,0117 0,095
Mean speed (ms) 0.806
3 LPS 0,095 +0,0169 0,093
4 PBS + H 0,096 +0,0231 0,097
1 PBS 138,13 + 12,685 141,25
2 LPS +H Overall mobile 138,89 + 14,195 137,05
0.872
3 PBS +H time (s) 141,54 + 15,221 144
4 LPS 142,12 + 7,822 142,6
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1 LPS 37,88 + 7,822 37,4

2 PBS + H Overall immobile 38,46 + 15,221 36
0.872

3 LPS +H time (S) 41,11 +£14,196 42,95

4 PBS 41,87 +12,685 38,75

1 PBS 130,32 + 11,739 131,85
0.903

3 LPS mobile time 133,33 £ 8,072 135,9

4 PBS + H 134,43 + 16,196 139,2

1 LPS 37,88 £7,822 37,4

2 PBS +H Outer zone: 38,1+14,831 36
0.854

3 LPS +H immobile time 41,11 + 14,196 42,95

4 PBS 41,87 +12,685 38,75

1 LPS +H 0,8+1,23 0

2 PBS + H 0,9+0,74 1

Centre entries 0.621

3 PBS 1,2+0,92 1

4 LPS 1,3+0,95 2

1 PBS + H 0,47 £ 0,44 0,45

2 LPS 0,64 + 0,60 0,7

Centre time (s) 0.860
3 LPS +H 0,71+1,55 0
4 PBS 0,82 + 0,68 0,75

Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide, m: meters, ms: meters per second, PBS: Phosphate-buffered saline, s:
Seconds, SD: Standard deviation

When all the testing criteria were compared between individual control and experimental
groups using the One-way ANOVA test, no significant differences were found as documented
in table 4.2.

Table 4.2: Open field test- general qgroup comparison between all test

parameters

Significant
(yes or no)
PBS vs PBS+H >0,9999 No
PBS vs LPS >0,9999 No
PBS vs LPS+H >0,9999 No
PBS+H vs LPS >0,9999 No
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PBS+H vs LPS+H >0,9999 No
LPS vs LPS+H >0,9999 No

A Two-way ANOVA was conducted and found that when the experimental and control groups
were compared in each category, the data remained statistically insignificant as documented
in table 4.3.

Table 4.3: Open field Test- Group statistical comparisons within test parameters

Category P-value Significant
(yes/no)
PBS vs PBS+H 0,9801 No
PBSvs LPS 0,9893 No
PBS vs LPS+H 0,9937 No
Distance (m)
PBS+H vs LPS 0,9999 No
PBS+H vs LPS+H 0,9993 No
LPS vs LPS+H >0,9999 No
PBS vs PBS+H >0,9999 No
PBS vs LPS >0,9999 No
PBS vs LPS+H >0,9999 No
Mean speed (ms)

PBS+H vs LPS >0,9999 No
PBS+H vs LPS+H >0,9999 No
LPS vs LPS+H >0,9999 No
PBS vs PBS+H 0,7448 No
PBS vs LPS 0,6401 No
PBS vs LPS+H Overall mobile 0,9960 No
PBS+H vs LPS time (s) 0,9982 No
PBS+H vs LPS+H 0,8620 No
LPS vs LPS+H 0,7751 No
PBS vs PBS+H 0,7448 No
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PBS vs LPS 0,6401 No
PBS vs LPS+H 0,9960 No
Overall immobile
PBS+H vs LPS ] 0,9982 No
time (s)

PBS+H vs LPS+H 0,8620 No
LPS vs LPS+H 0,7751 No
PBS vs PBS+H 0,6176 No

PBS vs LPS 0,8101 No

PBS vs LPS+H Outer zone: 0,9013 No
mobile time (s)

PBS+H vs LPS 0,9881 No

PBS+H vs LPS+H 0,9527 No
LPS vs LPS+H 0,9971 No
PBS vs PBS+H 0,6808 No

PBS vs LPS 0,6401 No
PBS vs LPS+H Outer zone: 0,9960 No
PBS+H vs LPS immobile time >0,9999 No

PBS+H vs LPS+H 0,8101 No
LPS vs LPS+H 0,7751 No
PBS vs PBS+H 0,9997 No

PBS vs LPS >0,9999 No

PBS vs LPS+H 0,9994 No
Centre entries

PBS+H vs LPS 0,9994 No

PBS+H vs LPS+H >0,9999 No
LPS vs LPS+H 0,9988 No
PBS vs PBS+H 0,9996 No

PBS vs LPS >0,9999 No

PBS vs LPS+H >0,9999 No
Centre time (S)

PBS+H vs LPS >0,9999 No

PBS+H vs LPS+H 0,9999 No
LPS vs LPS+H >0,9999 No
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Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide, PBS: Phosphate-buffered

saline, SD: Standard deviation

When the control groups were compared to the experimental groups, the study found no
significant differences in distance travelled, mean speed, mobile time and immobile time. The

data is illustrated in Figure 4.1.
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Figure 4.1: Open field test control and experimental group mobile profiles- The Open field test was
conducted and these float bars represent the following: distance, mean speed, mobile time, immobile time,
consisted of the mobile profile. The study found that the movement mobility, speed, and time of each animal
group did not display significant differences. Top line: the maximum value, Middle line: the mean, Bottom line:
minimum value.

When the control groups were compared to the experimental groups, the study found no
significant differences in outer zone: immobile time, outer zone: mobile time, centre zone:
entries and centre zone: time. The mean and 95% confidence interval of each group are

graphically displayed in Figure 4.2.
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Figure 4.2: Open field test control and experimental group zone profiles- The Open field test was
conducted and these float bars represented the mean time and entries into the specific zones (outer and centre)
travelled by each animal group. The study found that the movements in each zone did not display significant
differences. Top line: the maximum value, Middle line: the mean, Bottom line: minimum value.

4.3.2 The Novel object recognition test analysis

During the experimental period, the Novel object recognition was conducted on each animal.
The following results illustrate data from the first and second trial of the experimental and
control groups. The data was compared using a One-Way ANOVA on GraphPad prism 9.0.0
and discovered that there was no statistical difference between the groups and the animals
generally did not show significant difference between the two trials. A Two-way ANOVA
compared the various categories in trial one and trial two as well as the first and second trial
of each individual in all the testing categories. The P-value was calibrated at < 0.05. The data
is illustrated in tables 4.4 and 4.5, and figures 4.3.
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Table 4.4 documents the One-way ANOVA findings that the experimental and control groups

lacked significant differences in their overall mean values in all of the tested criteria.

Table 4.4: Novel object recognition test- Overall group statistical comparisons

Significant
(yes or no)

PBS vs PBS+H 0,9996 No
PBS vs LPS 0,9994 No
PBS vs LPS+H >0,9999 No
PBS+H vs LPS >0,9999 No
PBS+H vs LPS+H 0,9995 No
LPS vs LPS+H 0,9992 No

A Two-way ANOVA was conducted and the experimental and control groups showed no
statistical differences in the time spent or entries made into block A or C in both trials as
displayed in table 4.5.

Table 4.5: Novel object recognition- Group statistical comparisons

Significant
Category P-value g
(yes/no)

PBS vs PBS+H 0,0983 No

PBSvs LPS No
0,9833

PBS vs LPS+H . No
Trial 1 Block A: 0,9960

entries No
PBS+H vs LPS 0,9973

No
PBS+H vs LPS+H 0,9793

LPS vs LPS+H No
0,9348

No
PBS vs PBS+H 0,0833

PBSvs LPS No
0,9064

PBS LPS+H Trial 2 Block A: No

Vs +

entries 0,9973

No
PBS+H vs LPS 0,9897

No
PBS+H vs LPS+H 0,9430
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LPS vs LPS+H

No

0,8192
No

PBS vs PBS+H 0,8809
No

PBS vs LPS 0,9805
No

PBS vs LPS+H Trial 1 Block A: 0,9905
. No

PBS+H vs LPS Times 0,9847
No

PBS+H vs LPS+H 0,9717
No

LPS vs LPS+H 0,9998
No

PBS vs PBS+H 0,9639
No

PBS vs LPS 0,8522
No

PBS vs LPS+H Trial 2 Block A: 0,8675
. No

PBS+H vs LPS Times 0,9880
No

PBS+H vs LPS+H 0,5956
No

LPS vs LPS+H 0,3932
No

PBS vs PBS+H >0,9999
No

PBS vs LPS 0,9696
No

PBS vs LPS+H Trial 1 Block C: 0,9995
; No

PBS+H vs LPS Entries 0,9747
No

PBS+H vs LPS+H 0,9998
No

LPS vs LPS+H 0,9867
No

PBS vs PBS+H 0,9575
No

PBS vs LPS 0,7581
No

PBS vs LPS+H Trial 2 Block C: 0,9998
; No

PBS+H vs LPS Entries 0,9639
No

PBS+H vs LPS+H 0,9747
No

LPS vs LPS+H 0,8046
No

PBS vs PBS+H 0,9908
No

PBSvs LPS Trial 1 Block C: 0,9913
. No

PBS vs LPS+H Time 0,9001
No

PBS+H vs LPS >0,9999
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No

PBS+H vs LPS+H 0.7549
No

LPS vs LPS+H 0.7581
No

PBS vs PBS+H 05758
PBS vs LPS No

0,8675
PBS vs LPS+H . No

Trial 2 Block C: 0,9727
Time No

PBS+H vs LPS 0,9569
No

PBS+H vs LPS+H 0.3173
No

LPS vs LPS+H 0,6243

Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide, PBS: Phosphate-buffered
saline, SD: Standard deviation

The experimental and control groups did not show significant differences in the amount of time
spent or entries made into block A. The mean and 95% confidence interval of the block A’s

entries and times are displayed in figure 4.3.
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Figure 4.3: Novel object recognition test trial 1 and 2 Block A (Familiar object) entries and times- The
Novel object recognition test was conducted and the study found that there were no significant differences in
the Block A (Familiar object) entries and times between the groups and the trials.

The experimental and control groups did not have significant differences in the entries made

and time occupied at block C. The mean and 95% confidence interval of the entries and time
passed at block C are illustrated in figure 4.4.
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Figure 4.4: Novel object recognition test trial 1 and 2 block C (Novel object) entries and times- The Novel
object recognition test was conducted and the study found that there were no significant differences in the block
C (novel object) entries and times between the groups and the trials.

A Two-way ANOVA was conducted comparing the individual control and experimental groups
followed by comparing trial one and two. The test found the results of the control, treated
control, experimental and treated experimental group did not improve or worsen in
performance thus resulting in no significant difference within the groups between the following

categories in trial one and two: block A and C entries and times.

4.3.3 The Y-Maze test analysis

The following results document the findings acquired during testing phase. The data was
compared using a One-Way ANOVA on GraphPad prism 9.0.0 and discovered that there was
no statistical difference between the evaluated testing categories of the control and

experimental groups as illustrated in table 4.6. However, upon conducting a Two-way ANOVA,
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the time spent in the N arm was statistically different when comparing some of the testing
groups. The P-value was < 0.05. Table 4.7 and 4.8 illustrates the F and N arm group

comparisons. The data is illustrated in figure 4.5 and 4.6.

Table 4.6: Y-Maze- Overall comparison of the parameters

Significant
(yes or no)

PBS vs PBS+H >0,9999 No
PBS vs LPS >0,9999 No
PBS vs LPS+H >0,9999 No
PBS+H vs LPS >0,9999 No
PBS+H vs LPS+H >0,9999 No
LPS vs LPS+H 0,9998 No

A Two-way ANOVA was conducted and the finding are as follows: When comparing the
habituation and testing time spent in F arm all the groups showed significant differences. All

the animal groups spent less time in the F arms during testing.

Table 4.7: Y-Maze- Familiar time: Habituation vs testing time comparisons

Significant

Category Mean difference (s) P-value

(yes or no)
~ Testing: Habit arm times | S
vs Habituation Familiar -47.72 < 0.0001 Yes (****)
arm time
Symbols- *: P £0.05, **: P < 0.01, ***: P < 0.001, **** P < 0.0001

The distance and mean speed (mean and 95% confidence interval) of the control and
experimental groups were documented and are illustrated in figure 4.5. After performing a
Two-way ANOVA test, the study found that the testing groups showed no significant difference

in the distance and the mean speed travelled during the test.
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Figure 4.5: Y-Maze test distance and mean speed- The Y-Maze test was conducted and the study found that
there were no significant differences in the distance and mean speed.

Upon conducting the Two-way ANOVA statistical test, the animal groups displayed no
significant differences between the F arm entries. The study found that the vehicle control and
two experimental groups showed significant differences for the F arm times. The control group
spent significantly less time in the F arm compared to the two experimental groups. While the
experimental and the treated experimental group showed significant F arm: time differences.
The LPS group also showed significantly less time in the F arm when compared to the treated
experimental group. After the other groups were compared to each other there were no
significant differences in the time they spent in the F arm as shown in table 4.8. Less time

spent in the F arm indicates greater retained short term spatial memory.

Table 4.8: Familiar arm: times - Group statistical comparisons

Mean Significant
differences (yes or no)

PBS vs PBS+H -4,420 0,4069 No
PBS vs LPS 0,5000 0,9981 No

PBS vs LPS+H -7,840 0,0310 Yes (*)
PBS+H vs LPS 4,920 0,3101 No
PBS+H vs LPS+H -3,420 0,6262 No

LPS vs LPS+H -8,340 0,0186 Yes (*)

Symbols- *: P £0.05, **: P < 0.01, ***: P < 0.001, **** P < 0.0001
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The N and F arm entries are illustrated in figure 4.6. The control and experimental groups
showed no differences in the entries made into N arm. Although the number of N arm entries
is an indication of short-term spatial memory, the time spent in the N arm provides a picture
of greater accuracy. Greater time occupied in the N arm indicated greater retained short term
spatial memory. When the time spent in the N arm was compared, the following was found,
the control and treated experimental group showed a significant difference between them. The
control group spent significantly more time in the N arm than the treated experimental group.
In addition, the experimental and treated experimental group showed significant difference in
the time they occupied the N arm. The experimental group spent significantly more time in the

N arm than the treated experimental group. The following is shown in table 4.9.

Table 4.9: Novel arm: times - Group statistical comparisons

Mean Significant
differences (yes or no)

PBS vs PBS+H 5,590 0,2033 No
PBS vs LPS -0,06000 >0,9999 No

PBS vs LPS+H 7,970 0,0272 Yes (*)
PBS+H vs LPS -5,650 0,1952 No
PBS+H vs LPS+H 2,380 0,8373 No

LPS vs LPS+H 8,030 0,0256 Yes (*)

Symbols- *: P £0.05, **: P = 0.01, ***: P = 0.001, **** P < 0.0001
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Figure 4.6: Y-Maze familiar and novel arms entries and times- The Y-Maze test was conducted and the
study found significant differences in the time spent in the F and N arm between the control and treated
experimental group as well as between the experimental groups.

4.4 Discussion

As a consequence neurological LPS exposure results in neuroinflammation, this
pathophysiological phenomenon may play a pivotal role in neurodegenerative diseases such
as AD aetiology and progression'®®1%_ Previous research has discovered the endotoxin
resides in the hippocampal and superior temporal lobe neocortex brain lysates of AD
patients'®t. The average LPS levels ranged from two-fold neocortex upsurges to three-fold
hippocampal upsurges in the age-matched control group, some of the test subjects with

advanced AD displayed a 26-fold LPS elevation®®t.

This chapter explored the effects of early LPS exposure on young male rats through
performing behavioural analyses to assess anxiety, movement, spatial, short-term and long-

term object recognition memory. The groups were compared by averaging the scores each
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animal received in the individual parameters by conducting a One-way ANOVA as well as the
comparing mean scores the groups had received on a specific parameter using the Two-way
ANOVA. The overall comparison between the groups and the specific parameter evaluations

allowed for greater precision and specificity.

The Open field test was used to both introduce the animals to the testing environment, and
reduce anxiety as a confounding factor in the following tests and it was used to evaluate
anxiety levels. No significant differences could be found between the groups when comparing
them as a whole or when comparing individual parameters. Therefore, the animals showed
the same levels of anxiety. Testing the distance, mean speed, overall mobile time and
immobile time also evaluated effects of early LPS exposure on motility (indication of fatigue).
The test subjects did not display significant differences in any of the evaluated parameters
and thus didn’t indicate significant differences in the energy levels. Therefore, early low dose
LPS exposure does not elevate or reduce anxiety, or change motility patterns and no
conclusive evidence that Manuka honey administration enhanced or reduced the anxiety
bought about by LPS. Nevertheless, studies have shown that the release of IL-1( in the
central nervous system in response to inflammation and stress is closely related to anxious
and depressed behaviour'®”1%8, Research suggests that neuro-inflammation and dysfunctional
hippocampal autophagy play a key role in the manifestation of anxious-, depressed behaviour
and neurodegenerative disease'®?%, The endotoxin increases microglial activation and
reactive oxygen species (ROS) release in all ages?®t. The underlying autophagy and neuro-
inflammation regulation resulting in pro-inflammatory cytokine release may result from
microglial activation and the elevation of microglial activation levels as a consequence of LPS
exposure. The endotoxin may induce anxious-, depressed behaviour and cognitive disease.
The present study may show that early low dose LPS exposure does not induce significant
microglial activation resulting in insignificant IL-13 release resulting in the insignificant
changes in locomotion seen in the experimental and control groups or that they may be an

absence microglial activation.

The Novel object recognition data showed that the test subjects typically showed similar
interest levels in the novel object. The interest levels showed in Block C in trial one and two
did not significantly differ. The trials showed no significant differences to each other, the
animals recognised the familiar block and there was no significant difference in the time spent
in trial one and two. The test found that the groups showed similar short- and long-term
memory. Thus, early low dose LPS exposure did not significantly affect short or long-term
memory, and no conclusive evidence showed that Manuka honey administration enhanced or
reduced the harmful effects of LPS on short- and long-term object recognition memory.

However, a study conducted by Mastinu et al. (2019) documented that LPS induced
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hippocampal inflammation without affecting locomotion however, but the test group lost the
ability to distinguish the novel object from the familiar object?°2. The present study may show
that early low dose LPS exposure does not induce significant amounts of neuroinflammation
to induce familiar object recognition impairment. Nevertheless, research shows that long-term
memory performance alteration, IL-18 and TNF-a are a consequence of LPS induced
interleukin-6 (IL-6) expression?®2. Thus, continual LPS exposure may result in long-term

memory deficits.

However, the Y-Maze found that the evaluated groups exhibited a substantial difference in the
F arm entries between the habituation and testing indicating an intact working recall memory.
The groups also showed no significant difference in the distance travelled and mean speed
used during the test. The groups also showed no significant differences between F arm and
N arm entries however, the control and treated experimental group showed significant
differences in the time spent in the F arm. The control spent significantly less time in the F arm
and more time in the N arm compared to the treated experimental group. This signifies that
the control group had greater spatial memory than treated the experimental groups. While
experimental and treated experimental group showed significant F and N arm time differences.
The experimental group also had spent significantly less time in the F arm and more time in
the N arm when compared to the treated experimental, indicating that the experimental group
had better spatial memory. However, when comparing the experimental group to the control
groups no significant differences were found in the time spentin the F and N arm, thus showing
similar spatial memory. Therefore, Manuka honey may enhance neurodegenerative

capabilities of LPS.

A study conducted Hauss-Wegrzyniak et al. (2000) discovered that after injecting LPS into the
fourth ventricle over a 37-day period resulted in fever or seizures as a consequence and the
endotoxin impaired spatial memory but did not affect object recognition memory?%. Spatial
memory may be affected before novel object recognition is impaired. The study identified
many hippocampal neurons that displayed paired rough endoplasmic reticulum cisternae and
other ultrastructural changes to structures such as Golgi apparatus which suggested damaged

or reduced cellular protein synthesis with the cytoplasm?®,

In addition, the treated experimental displayed greater spatial memory impairment indicating
greater hippocampal damage as a consequence. Researchers have found that Manuka honey
exposure concludes in the release of the following pro-inflammatory cytokines: IL-1 3, IL-6
through the TLR-4- dependent mechanism and TNFa, aiding in accelerated wound repair?®*,
However, Manuka honey also possesses anti-inflammatory effects that can reduce free radical

production. The two work together through the manifestation of a two-pronged mechanism
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and although the anti-inflammatory property and pro-inflammatory cytokine release may be
an effective wound treatment, it may not be suitable when coupled with LPS exposure?®*. The
pro-inflammatory cytokine production of Manuka honey may have elevated neuroinflammation
in the hippocampus, thus concluding in greater physiological damage, nevertheless more

research needs to be conducted.

The other animal groups showed similar spatial memory properties exhibited in the
experimental group indicating that early low dose LPS exposure does not produce fatigue or
memory deficits at first. The neuroinflammatory effects of LPS may be subclinical or non-
existent. However, inflammatory proteins are elevated in AD patients, years before
neurodegeneration begins or signs of illness occur as is seen in the LPS experimental rat
group?®®. Nevertheless, research shows that continual LPS exposure eventually produces

memory loss?%,

4.5 Conclusion

The chapter highlighted that early low dose LPS exposure results in no initial memory deficits
(spatial, short- and long-term, or novel object recognition memory). Thus, the neurological
damage may be subclinical thus producing no noticeable behavioural or memory anomalies
or non-existent. In addition, the endotoxin did not affect motility. However, this chapter could
not highlight whether or not Manuka honey is a suitable treatment for the neurodegenerative
symptoms produced by LPS because early LPS exposure did not produce effects on
behaviour or memory. The treatment is seen to enhance spatial memory deterioration induced
by LPS and despite its anti-inflammatory properties, the stimulated pro-inflammatory cytokine
release may cause the spatial memory deficits seen in the treated experimental group. The
next chapters will evaluate the effects of LPS on the following: aortic and cardiac myofibril and
mitochondrial structure, CV cellular element morphology (erythrocyte, fibrin network and
platelet) temperature, weight. In addition, will evaluate physiological consequence of Manuka

honey on the harmful effects of LPS on these parameters.
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Chapter 5: Body weight
and temperature
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5.1 Chapter Objectives

Assess and compare the body temperatures of the experimental, treated experimental, control

and treated control group.

Assess and compare the weight gain rates of the experimental, treated experimental, control

and treated control group.

5.2 Introduction

The Lipopolysaccharide endotoxin exposure induces sickness behaviours such as weight
loss, decreased locomotion, increased anxiety and fever and/or hypothermia?®’2%8, As
previously stated systemic inflammation may also facilitate weight loss and temperature
changes'®. Weight loss and temperature changes are often the first or only sickness
behaviour exhibited by LPS exposed animals, however this is dose dependent!*>136, A study
conducted by Moraes et al. (2017) observed that LPS (dose: 1 mg/kg/day) induced sickness
behaviour in rats'®. In addition, a study conducted by Bison (2009) et al. has shown that
significant weight loss observed in animals exposed to varying low doses (0.001, 0.005, 0.015,
0.05, 0.125, and 0.25 mg/kg)**s1%, Unfortunately, current research fails to explain the

mechanisms resulting in LPS induced weight loss, thus further research is required.

Hypothermia arises in severe systemic inflammatory syndrome cases instead of fever and is
an adaptive host mechanism to reduce injury as a result of the inflammatory response induced
by the innate immune system?®, Hypothermia aids in endotoxin elevation, abdominal organ
dysfunction, hypotension, and mortality reduction in E. coli injected animals?.
Lipopolysaccharide intraperitoneal (IP) administration results in the dose-dependent fever or
hypothermia induction: a low 0.05 to 0.1 mg/kg dose brought about hyperthermia (fever),
whereas a high 2.5 mg/kg dose caused hypothermia in mice?'!. Both thermodynamic
responses are complementary survival mechanisms and there is limited information on the

fever, hypothermia switching mechanism?!t,

The aim of this chapter is to compare the weight and core body temperatures of the control
and experimental groups. The chapter explores the development of body- temperature and
weight changes upon low dose LPS exposure. Both markers were an indication of the possible
severity of the sickness behaviours that LPS induced and Manuka honey was introduced as

a treatment.

101



5.3 Results

5.3.1 Weight analysis

During the experimental period, every test subject was weighed on these specific days, days:
three, eight to eighteen as illustrated in figure 5.1 and 5.2. The data was analysed on
GraphPad Prism 9.0.0. A One-way ANOVA was conducted and no significant differences in
weight between of the experimental, treated experimental, control and treated control group
were found. A Two-way ANOVA found that there was no significance between the weight

gained on any particular day.
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Figure 5.1: Daily body weight gain- The weights were taken on day three, eight to eighteen. Significant
differences between the control and experimental groups were evaluated at a p-value of <0.05.
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Figure 5.2: Total mean weight of Sprague Dawley rats- Displays the mean total weight gain that each testing
group attained.

5.3.2 Core body temperature analysis

The rectal temperatures of the experimental and control rat groups were measured and
documented before termination. The statistical data is illustrated in table 5.1, table 5.2 and
figure 5.3. The data was analysed on GraphPad Prism 9.0.0. and a Two-way ANOVA found
that there were no significant differences between the temperatures of the experimental,

treated experimental control and treated control group.

Table 5.1: Core temperature- Test groups statistics

Temperature ('C)

Group Median Mean = SD
PBS 36,8 36,74 + 0,65

PBS +H 37 36,85 +0,41
LPS 36,8 36,63 £ 0,65

LPS+H 36,9 36,58 £ 0,74

Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide, PBS: Phosphate-
buffered saline, SD: Standard deviation
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Table 5.2: Core temperature- Group temperature comparisons

Temperature ("C)

Groups P-value  Significant
(yes/no)

PBS vs PBS+H 0,9264 No
PBSvs LPS 0,9534 No
PBS vs LPS+H 0,9102 No
PBS+H vs. LPS 0,6712 No
PBS+H vs LPS+H 0,5846 No
LPS vs. LPS+H 0,9990 No

Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide,
PBS: Phosphate-buffered saline, SD: Standard deviation

40—
o

o i
I.I.I.I.\
m 3 O — | _m |
h I.I.l.l.\
-] ol
= e
m | .
— 20~ :-:-' -
b e
Q I.I .I.\
= e
q) 1 O - I:I :-:
= S
e
0 e

%

Figure 5.3: Total mean core temperature of Sprague Dawley rats- This figure displays the mean and 95%
confidence interval total of the core temperature of each test group measured in degrees Celsius.
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5.4 Discussion

Body weight and core temperature were used as health biomarkers. In addition, core body
temperature was used as an immune response indicator, because bacterial infections induce
hyperthermia?'!. Lipopolysaccharides induce inflammation as an immune response?!’. In this
study, hypothermia was defined as 33.0-34.0 °C and normothermia was defined as 36.99 *
0.42 °C?2, |In addition, research has found that LPS introduction at significant systemic
circulation results in weight loss?°7-28, The present study administered LPS concentration was
a low physiological level of 0.05 mg/kg dose (SC injection) studies have found that such a
dose would result in a mild chronic systemic inflammation. The dose simulates the dose that
humans with loose teeth and/or impaired gastrointestinal tight junctions may have in their CV

circulation®.

After ten days of LPS exposure, there were no significant changes in the body weight- and
temperatures of the control, treated control, experimental and treated experimental group. A
steady weight increase comparable to the control groups was observed in the experimental
groups. While a rectal temperature that resembled the control rat groups was observed in the
experimental rat groups. The experimental groups experienced low systemic inflammation
levels that resulted in an insignificant thermo-generation, thermo-reduction and weight decline.
Significant mitochondrial dysfunction in the form of mitochondrial uncoupling may not have
occurred. There was no significant difference in the body- weight and temperature of the
treated experimental group and the experimental group. Although within normothermia
criterion, the experimental groups had lower mean temperatures than the control rat groups.
Previous studies have documented that, low LPS doses result in hyperthermia, however
lowered body temperatures may be a consequence of LPS induced hippocampal damage,
both cannot be concluded in this study?®3. In addition, the Manuka honey treated experimental
group presented with mean temperature that were lower than the experimental group
however, the results were inconclusive and thus it could not be determined if Manuka honey
is an effective or ineffective treatment. Nevertheless, both experimental groups test subjects

remained seemingly as healthy as the control group during early LPS exposure.

5.5 Conclusion

As a consequence, it is unknown if chronic systemic inflammation experienced by the LPS
exposed animals or if the lack of symptoms stems from an insignificant immune response
however, physicians cannot use weight loss and body temperature as biomarkers for LPS

exposure. Studies have found that low dose LPS exposure results in low grade chronic
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systemic inflammation however, this study documents that the inflammation does not result in
thermo-dysfunction or weight loss in the initial stages. The following chapters will explore
whether LPS induces significant damage to the individual CV cellular elements (erythrocyte,
fibrin network and platelet morphology investigation), cardiomyocyte damage, and total
cholesterol elevation or reduction. In addition, perhaps upon further exposure, the
experimental animals may have displayed significant loss weight and temperature elevation
or reduction when compared to the control groups. Such information would be vital for

diagnostic purposes in a follow up study.
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Chapter 6: Investigating
the histology of the
cardiovascular system
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6.1 Chapter Objectives

Investigate the ultrastructural morphology of aortic and cardiac muscle cells of the

experimental and control rat groups using transmission electron microscopy. The aim was to
study the elastic fibre morphology of the aorta in both groups by utilizing the Verhoeff-Van

Gieson staining technique using light microscopy.

In addition, study possible general cardiac muscle cell abnormalities in the tissue fibres of the
groups by making use of the Haematoxylin and Eosin staining technique using light

microscopy.

Lastly, to study cardiac tissue fibre polysaccharide content of the groups using Periodic Acid-

Schiff staining technigue using light microscopy.

6.2 Introduction

The CV system plays a vital role in blood oxygenation and immunity?'3, This chapter aims to
investigate cardiac and aortic tissue histology and compare the experimental and control rat

tissue.

The heart consists of long branched single or multiple nuclei cardiomyocytes with a
sarcoplasm that contain an abundance of mitochondrial and glycogen as well as some
lipofuscin pigment. Cardiomyocytes are arranged into atrial and ventricular components?!4,
These atrial and ventricular components allow for the heart muscle to contract, propelling
blood throughout the body. However, tight junctions exist between well-arranged
cardiomyocyte structures resulting in optimal cardiac performance®®. This arrangement
concludes in electrical and mechanical communication between cells, in addition, the cardiac
muscle presents as striations and Z-lines. Available nutrients allow cardiomyocytes to contain
large mitochondria numbers which are in close contact with the muscle fibrils. These
mitochondria efficiently power the cardiac muscle fibres which form complete units with cell
membranes regardless of their branching and interdigitated nature?'®. When one muscle fibre
ends another begins. Each fibre’s cell membrane lies parallel to the other resulting in a series
of folds?!®. These areas occur at the Z-disk and are called intercalated disks. These disks
provide a strong union between the muscle fibres, maintain constant cell-to-cell
communication?'®. In addition to the intercalated disks, which result in the interconnectedness
of the heart, are gap junctions that are electrical connections between cardiomyocytes that
which act as low-resistance bridges?'®. These bridges spread signals from one fibre to the
next permitting the cardiac muscle fibres to beat concurrently with one another even though

protoplasmic bridges between the cardiomyocytes are absent?'®. However, pathology can
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inhibit cardiac functioning. Cardiomyocyte autophagy is a consequence of LPS exposure and

hypoperfusion may occur as a result?*°,

Normally cardiac structures allow optimal contraction while the blood vessels form the ideal
transport structure®. As a result of the presence of blood vessels in all organs and tissues,
cardiac or vascular disease are not restricted to a small range of signs and symptoms which
makes diagnosis formulation difficult?!’. For that reason, all organs are potential targets of
injury when vascular disease occurs?'’. The CV pathology may result in symptoms indicative
to injury to a specific organ or tissue a result of a diminished nutrient or oxygen supply resulting

in further pathogenesis?*’.

Blood vessel diseases are a burden on modern society and upon exposure researchers have
found that LPS has atherosclerotic effects that may be the result of elastin depletion or
damage!*®. Potentially contributing to or resulting in vascular disease. Elastin is produced by
perivascular smooth muscle cells that form the tunica media elastic lamellae’?. The blood
vessel walls of large arteries consist of epithelial tissue, connective tissue and smooth muscle.
Collagen fibres are distributed between the smooth muscle layers and the epithelium?8, In
addition, Elastin is a major component!’>28, The elastin is organised into concentric
fenestrated lamellae rings that are between myocyte layers allowing these fibres to stretch up
to 50% of their length before recoiling to their original length. This is a vital characteristic that
allows elastin within the arteries tunica media to facilitate blood flow pressure wave
propagation specifically in elastic blood vessels such as the pulmonary arteries and the
aortal’2. This phenomenon is known as the Windkessel effect and it allows the maintenance
of uniform arterial blood pressure, despite pulsatile blood flow, the stiffening of these vessels

may disrupt this uniform flow!"2,

As stated above, it has been proven that LPS shed from gram-negative bacteria causes
systemic inflammation that may have the ability to exacerbate the development of various CV
illnesses?1:14321% The heart and blood vessels would be the organs that are in closest contact
with the toxin as it circulates through the body. This study has investigated the effects of LPS
on the following: ultrastructural and elastic fibore morphology, mitotic phase abnormalities,
cardio muscular and mitochondrial abnormalities, using light microscopy and transmission

electron microscopy.

The aim of this chapter was to investigate the cardiac and aortic morphological differences
between the control and experimental groups, this will show the various effects that LPS may

have on the CV system.
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6.3 Results

6.3.1 Light microscopy: Lipopolysaccharides effect on cardiac and aortic

tissue and exploring Manuka honey as a treatment

Cardiac muscle

Haematoxylin and Eosin allowed for the identification and documentation of normal or
pathological cardiomyocyte and aortic cell morphology. The findings of both the control and
experimental groups are documented in figure 6.1 and figure 6.2 which displays a general
overview of the myofibrils of the control and experimental groups, while the figure 6.2 provides
a magnified image allowing for the detailed examination. The myofibrils displayed by the
control and treated control group (figures 6.1 A and B) were normal neatly arranged myofibrils
at low magnification. While at high magnification (figures 6.1 A and B) both the myofibrils of
the control and treated control group displayed oval and centralised nuclei that contained
blood vessels and capillaries. Both the experimental and treated experimental group displayed
oval nuclei. However, the experimental group displayed in figures 6.1 and 6.2 C myofibril
damage and erythrocyte extravasation. In addition, the treated experimental group showed

myofibril damage.
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Figure 6.1: Haematoxylin and Eosin cardiac muscle 20x sections- Figure A (control), Figure B (treated
control), Figure C (experimental), Figure D (treated experimental). The images display a general overview of
the cardiovascular tissue found in each group. The images were captured at 20 x magnification. (Scale bar:
100 pm)
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Figure 6.2: Haematoxylin and Eosin cardiac muscle 40x sections- Figure A (control), Figure B (treated
control), Figure C (experimental), Figure D (treated experimental). The images display a detailed image of the
common condition of the cardiovascular tissue found in each group. The images were captured at 40 x
magnification. Black arrow: Oval and centrally located nuclei, Black dashed arrow: Myofibril damage. Red
arrow: Blood vessel and capillaries. Red dashed arrow: Erythrocyte extravasation (Scale bar: 100 pm)

Figure 6.3 displays the H and E cardiac muscle variations found in the control (figure 6.3 A

and B) and treated control group (Figure 6.3 C and D).
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Figure 6.3: Haematoxylin and Eosin cardiac muscle sections for the control and treated control group-
Figure A and B (control), Figure C and D (treated control). The images display a magnified image of the
cardiovascular tissue found in the control and treated control group in which the control groups cardiomyocyte
morphologies were compared. The images were captured at 40 x magnification. Black arrow: Oval and centrally
located nuclei, Black dashed arrow: Myofibril damage. Red arrow: Blood vessel and capillaries. Red dashed
arrow: Erythrocyte extravasation. (Scale bar: 100 um)

The myofibrils of the experimental and treated experimental groups displayed both oval nuclei
and normal, healthy elongated myofibril stands however some muscle area’s showed tissue

damage and erythrocyte extravasation in both groups as seen in figure 6.4.
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Figure 6.4: Haematoxylin and Eosin cardiac muscle sections for the experimental and treated
experimental group- Figure A and B (experimental), Figure C and D (treated experimental). The images
display a magnified image of the cardiovascular tissue found in the experimental and treated experimental
group. The images were captured at 40 x magnification. Black arrow: Oval and centrally located nuclei, Black
dashed arrow: Myofibril damage. Red arrow: Blood vessel and capillaries. Red dashed arrow: Erythrocyte
extravasation (Scale bar: 100 ym)

The PAS technique provides display the glycogen content within in the cardiac tissue. The
following images are of the control and experimental cardiac tissue specimens. All of the
control and experimental specimens (figure 6.5) showed normal glycogen content which is a

low glycogen concentration that expresses itself as light purple in colour.

Figure 6.5: Periodic Acid-Schiff cardiac muscle sections- Figure A (control), Figure B (control treated),
Figure C (experimental), Figure D (experimental treated). The images were captured at 40 x magnification.
CM: Cardiac myofibrils. Black arrow: Nucleus. Red arrow: Blood vessel and capillaries (Scale bar: 100 pm)
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Aorta
The control and experimental group aortic tissue specimens were stained with the H and E

(figure 6.6 to 6.7) and VVG (figure 6.8). Staining allowed for the cellular structure and elastic
fibre assessment. Figures 6.6 and 6.7 provide an overview on the structural condition of the
aortas found in each group. Upon tissue inspection on low magnification of the aortic tissue of
the control and treated control groups, the aorta of the control group displayed normal
morphology.. When viewing the tissue on a higher magnification, the aorta of the control and
treated control group displayed normal morphology which is described as the following: even
aortic wall thickness with oval nuclei with a small amount of perinuclear space. The tunica
adventitia sections were measured using the ImageJ software. Upon conducting a One-way
ANOVA using GraphPad Prism 9.0.0, the tunica adventitia thickness of the all the test groups
did not display a significant difference. The mean and standard deviations of test groups are
displayed in figure 6.8. The experimental group showed both normal aortic morphologies
however large degrees of tissue destruction in some areas, the destruction can be seen on
lower magnification (figure 6.6 C). When viewing the tissue on a higher magnification as seen
in figure 6.7 C and D, both the experimental and treated experimental group displayed both
an even wall thickness and areas with oval nuclei and widely spread perinuclei while in other
areas the nuclei were flattened and clustered together. Meanwhile, the treated experimental
group displayed largely intact aortic tissue however upon closer examination cellular tissue

destruction in what looks like perforations occurred (figure 6.7 D).

T, S ey
b _ A
¥ S \\ .\;.v
L 2 TA
TA : : S \
: Tl R o Ne
‘:tl L ' 'y x " ‘
A :. B TGN
700 pm * 100 pmg +
TA . o i o SOR,
0% & ’ TA \ - ;7‘ ;_‘ -’V %

Figure 6.6: Haematoxylin and Eosin aorta 20x sections- Figure A (control), Figure B (control treated), Figure
C (experimental), Figure D (experimental treated). The images were captured at 20 x magnification. L: Lumen.
TA: Tunica Adventitia. TI: Tunica Intima. Red arrow: Changes in tissue structure. (Scale bar: 100 um)
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Figure 6.7: Haematoxylin and Eosin aorta 40x sections- Figure A (control), Figure B (control treated), Figure
C (experimental), Figure D (experimental treated). The images were captured at 20 x magnification. L: Lumen.
TA: Tunica Adventitia. TI: Tunica Intima. Red box: Noticeably clustered nuclei, Red arrow: Changes in tissue
structure. (Scale bar: 100 pm)
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Figure 6.8: Tunica adventitia width- The width of the tunica adventitia of the control, treated control,
experimental and treated experimental group were measured and compared using a One-way ANOVA. The
tunica adventitia width of the groups are not significantly different.
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Figure 6.9. displays the aortas of the control, control treated, experimental and treated
experimental groups that were stained using the VVG technique. The control and treated
control group showed evenly thick, regular arranged purple/black elastin fibres strand that
contained interlinkages between the elastic laminae as seen in figures 6.9 A and B. The
experimental group displayed elastic fibres that were unevenly thick and contained many
interlinkages between the elastic laminae, displaying disordered elastic fibre arrangements as
seen in figure 6.9 C. The treated experimental group displayed minor to moderate changes in
elastic fibre arrangements and displayed interlinkages between the elastic laminae as seen in
figure 6.9 D.

Figure 6.9: Verhoeff-Van Gieson aorta sections- Figure A (control), Figure B (control treated), Figure C
(experimental), Figure D (experimental treated). The images were captured at 20 x magnification. L: Lumen.
TA: Tunica Adventitia. TI: Tunica Intima. Black arrow: Tunica Intima changes. Yellow arrow: Crosslinks between
elastic laminae. Yellow box: Major cell layer disruptions in the form of cross links. (Scale bar: 100 pm)
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6.3.2 Transmission electron microscopy: Lipopolysaccharides effect on

cardiac and aortic tissue and exploring Manuka honey as a treatment

The following cardiac muscle and aortic samples were viewed on the uranyl acetate and lead
citrate-stained copper grids. They were observed and compared between the control and
experimental populations. The cardiac muscle mitochondria and myofibrils and the aorta
collagen and elastin fibres were viewed. The four testing populations were evaluated and

compared.

Cardiac muscle

Longitudinal cardiac muscle sections allowed for cardiac myofibril ultrastructure observations
and comparisons between the control, treated control, experimental and treated experimental
groups as seen in figure 6.10 (A-D). Normal ultrastructure with well organised parallel
mitochondrial and cardiac fibrils and clear Z lines (white arrows) was exhibited in the control
and treated control groups (figure 6.10 A and B). While the experimental groups displayed
minor damage and an elevated mitochondrial presence. Both the experimental groups
displayed clear Z lines. However, the thinned cardiac myofibrils showed minor damage
through Z line interruptions in the presence of enlarged mitochondria between cardiac muscle
in both the experimental and treated experimental groups (figures 6.10 C and D). Minor
mitochondrial destruction was illustrated as red. None of the groups had a presence of
autophagic vacuoles. The experimental group displayed myofibrils that showed moderate

damage while the treated experimental group displayed minor cardiac myofibril damage.
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Figure 6.10: Detailed ultrastructure of cardiomyocyte longitudinal sections- Figure A (control), Figure B
(control treated), Figure C (experimental), Figure D (experimental treated). CM: Cardiac myofibrils. M:
Mitochondria. White arrow: normal Z-lines. Red arrow: Myofibril thinning and destruction (Scale bars: 2000 nm)

The changes in mitochondrial shape and change are displayed in figure 6.11 (A-D) where the
ultrastructure of control and experimental mitochondrial are displayed. The control groups
displayed normal and healthy mitochondrial crista that were neatly and densely packed (figure
6.11 A and B), axial tubules are the empty spaces visible in the tissues. Variations to standard
cristae morphology to occur in the control groups but were rarities. While the experimental
group presented less densely packed and neatly organised mitochondria in figures 6.11 C and
D. The groups illustrated a variety of mitochondrial morphologies such minor damage as seen
in figures 6.11 C and D.
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Figure 6.11: Detailed ultrastructure of cardiomyocyte transverse sections displaying mitochondria-
Figure A (control), Figure B (control treated), Figure C (experimental), Figure D (experimental treated). M:
Mitochondria. Red arrow: Cristae destruction. Red dashed arrow: Large amount of cristae destruction (Scale
bar: 500 nm)

Aorta

Following cardiac myofibril observations and comparisons the aortas of the control and
experimental groups were conducted. Figures 6.12 A-D provides a general elastic and
collagen fibres overview shown in the control and experimental groups. The control groups
showed solid elastic fibres with minor fragmentation following neighbouring collagen
depositions. Larger elastic fibre fragmentation and alterations to the standard structure did
occur however these were infrequent and minor. While the experimental groups displayed
abundant elastin fibre fragmentation and collagen deposition. Elastin fibre fragmentation
signified elastic fibre destruction. In areas where elastin is destroyed collagen was deposited.
Nevertheless, the remaining elastin fibre fragments retained their density. The treated
experimental group displayed a standard solid elastin fibre with reduced density. Although,
the group displayed a lessened degree of elastin fibre fragmentation and collagen deposition,

less collagen fibres were observed around the elastic fibres (figure 6.12 D).
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Figure 6.12: Detailed ultrastructure of aortic transverse sections- Figure A (control), Figure B (control
treated), Figure C (experimental), Figure D (experimental treated). C: Collagen fibres, E: Elastic fibre. Red
arrow: Elastin fibre fragmentation (Scale bars: 1000 nm)

6.4 Discussion

A consequence of continual LPS exposure brings about cardiac injury through cardiomyocyte
autophagy?°. Excessive autophagy can cause disease and autophagic cell death. Research
has discovered that LPS-induced autophagy participates in a multitude of biological processes
such as liver autophagy, osteoclastgenesis and vascular endothelial cell autophagy, thus
concluding in widespread pathogenesis in various bodily systems3®49%, |n cardiac muscle,
LPS exposure induces pathogenic autophagy and hypotrophy that concludes in a
cardiomyocyte viability reduction®®?16, A study conducted by Jianjun et al. (2018) found that
LPS changed cardiomyocytes resulting in a swollen appearance, transverse striation loss, and
a greater influx of inflammatory cells??°. In addition, the group observed that LPS elevated the
levels of the following pro-apoptotic cytokines: BAX (no abbreviation), cytochrome c, cleaved-
caspase 3, cleave-caspase 9, and Poly (ADP-ribose) polymerase (PARP)?°, Thus, endotoxin
exposure can result in apoptosis. In addition, there is increasing evidence that ROS are
secondary messengers in the instigation and amplification of various biological processes
such as apoptosis, cell growth, inflammation and cellular oxidative stress??. The oxidation-
anti-oxidation imbalance is a consequence of a ROS imbalance and results in an elevation in
oxidative stress causing oxidative damage in macromolecules e.g deoxyribonucleic acid

(DNA), lipids and proteins??2, It produces inflammation through the nuclear factor kappa-light-
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chain-enhancer of activated B cell (NF-kB) pathway increasing the IL-13, IL-6 and TNFa
sensitivity??3. Upon LPS exposure, the innate immune system release the TLR-4 inflammatory
cytokine??*, In addition the elevated IL-1B, IL-6, Nitric oxide (NO), ROS, TNFa, and elevated
primary human peripheral blood mononuclear cells (PBMC) pro-inflammatory cytokine release
concludes in inflammation?!®®225, Reactive oxidative species signal induces apoptosis through
the following pathway: the elevation of mitochondrial membrane permeability through the BAX
elevation and BCL-2 reduction results in cytochrome C release thus causing caspase 9

activation enhancement which concludes in apoptosis complex formation?26-227,

Researchers have postulated that vascular hypo-responsiveness concluding in abnormal
tissue perforation is a likely consequence of pro-inflammatory mediators and ROS
exposure??®, The exact mechanism of LPS induced vascular dysfunction is unknown??°,
However, systemic inflammation and ROS exposure may trigger vascular dysfunction

affecting heart rate modulation concluding in hypo-tissue perfusion?,

This chapter investigates the cardiac and aortic structure of the control, control treated,
experimental and treated experimental groups and explores Manuka honey’s effectiveness as
a treatment. Manuka honey possesses anti-inflammatory, anti-hypertensive and anti-oxidant
properties, moreover it stimulates angiogenesis and may be an effective natural

treatment23146,

The anti-inflammatory and anti-oxidant qualities of Manuka honey may prevent the induction
of the following: oxidative cardiac mitochondrial damage, cell abnormalities, elastin
fragmentation and structural anomalies, cardiomyocyte autophagy, and glycogen

accumulation indicative of hypoxia that maybe a consequence of LPS exposure.

The present study documented the following when conducting the H and E technigue on the
aortic and cardiac tissue of the control and treated control group, both groups displayed normal
cellular morphology. However, when comparing cardiac tissue of the experimental and treated
experimental groups to both the control and control treated groups, both groups displayed a
standard healthy cardiac myofibril arrangements and obvious cardiac myofibril damage as
seen in figure 6.2. In areas with damaged cardiac myofibrils, both groups displayed moderate
to severe cardiac myofibril damage and erythrocyte extravasation which is a histological
characteristic associated with vascular leakage that is a consequence of endothelial
damage??®. Lipopolysaccharides induce endothelial and cardiac myofibril toxicity through
inflammation and the ROS elevation concluding in apoptosis through the TLR-4/ NADPH
oxidase (NOX) inflammatory pathway in cardiomyocytes®?®. The homolog NADPH oxidase-4
(NOX-4) produces ROS and is highly expressed in cardiomyocytes, the homolog may be

inducing ROS production in the cardiac myofibrils of the experimental and treated
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experimental group following LPS exposure?®®. NADPH oxidase-4 and TLR-4 expression are
closely associated with TNFa secretion concluding in a reduction in cardiac performance?!.
This study has found that early low dose LPS exposure results in viable cardiac myofibril

damage, however the exact pathway needs to be investigated.

The PAS staining technique showed no significant difference to the glycogen concentrations
in the control, treated control, experimental and treated experimental groups, thus displaying
that early low dose LPS exposure does not result in glycogen accumulation which occurs

during hypoxia. Thus, the cardiac cells were not hypoxic.

Upon investigation of the TEM images found that the cardiac myofibrils of the control and
treated control groups presented with clear Z-lines and normal ultrastructure. However,
cardiac myofibrils of the experimental group presented with moderate myofibril damage
nevertheless when compared to the treated experimental group, the treated experimental
group presented with only minor cardiac myofibril damage. Both groups displayed less dense
mitochondrial cristae when compared to the cristae of the control and treated control groups
thus illustrating mitochondrial damage caused by LPS. Still, these findings show that Manuka
honey prevent cardiac myofibril destruction as a consequence of LPS exposure to a minor to
moderate degree. However, the treatment could not neutralise the mitochondrial destruction
induced by LPS.

A study conducted by Haileselassie et al. (2019) discovered that LPS treated group appeared
to display elevated mitochondrial cristae destruction and if continued may result in decreased
mitochondrial respiration concluding in an upsurge in mitochondrial oxidative stress and a
reduction in membrane potential?®2. Early LPS exposure results in the early mitochondrial
cristae destruction potentially reducing mitochondrial respiration, however the levels at which

that occurs still need to be investigated.

In addition, with regards to aortic tissue, the present study documented the following: upon
conducting the H and E technique the control and treated control groups displayed normal
even elastic layers consistent with normal aortic cell histology. When comparing the aortic
tissue of the experimental group to the control group, the study found that early LPS exposure
results in varying tissue disruption in the form of nuclei clustering and flattening as well as
what appears to be perforations in some aortic wall areas. In contrast, when comparing the
treated experimental group to control group, the group presented with the same flattened and
overly clustered nuclei found in the experimental group however, perforations could only be
upon closer magnification. Manuka honey had neutralised some of the cellular aortic

destruction caused by LPS. When comparing the tunica adventitia of the control, treated
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control, experimental and treated experimental did not display a significant difference in

thickness.

The VVG staining technique elaborates on the effect that LPS has on aortic issue by providing
a clear image of the elastic layers. With regards to the elastic tissue of the control and treated
control groups, the animals display normal evenly thick and well-arranged elastin fibres with a
minimal number of crosslinks between elastic laminae. However, when comparing the elastic
fibres of the control and experimental groups, the elastic fibre disruption that was displayed
as a disordered arrangement of fibres and many elastic laminae crosslinks. When compared
to the experimental group, the treated experimental group displayed elastic fibres that

displayed greater organisation.

When examining the elastin and collagen structures using TEM, it was documented that early
low dose LPS exposure caused elastin fibre fragmentation and collagen deposition. When
comparing elastin and collagen structures of the control and treated control groups had
insignificant differences between them. Both groups presented with compact elastic fibres that
had minor peripheral fragmentation that were filled with neighbouring collagen deposits. Upon
comparing the elastic and collagen structures of the control and experimental groups
substantial elastin fibre fragmentation and collagen deposition between the fragmented elastin
structures were found. In contrast, when comparing aortic tissue of the control and treated
experimental groups it was discovered that the groups presented with standard solid elastin
fibres that had reduced density. When comparing the elastic and collagen fibres of the
experimental and treated experimental groups, it could be observed that the treated
experimental group had less elastin fibre fragmentation and collagen deposition. However,
when comparing the treated experimental group to the control group an unexplained depletion

of collagen fibres was observed.

The study showed that early LPS exposure may later induce cardiac and vascular dysfunction
through cardiac myofibril as well as mitochondrial damage, elastin fibre fragmentation and
collagen deposition which may result in CV pathogenesis later in life. Elastin is an ECM protein
that determines a vessels mechanical strength at low pressure?®3, Vascular remodelling may
conclude in pathological vascular disorders such as atherosclerosis and hypertension?34-2%,
Lipopolysaccharides result in arteriolar stiffening through elastin depletion and fragmentation
as well as collagen deposition. Depletions in elastin conclude in arterial stiffness through
delegating the blood propulsion to the collagen fibres which possess a greater structural
rigidity when compared to elastin fibres?**. Decreased elastin content contributes to CV
disease and is found in older individuals with hypertension?*. Although Manuka honey

administration mitigated the effects of LPS, some cardiac myofibril damage was observed in
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the treated experimental group. In addition, a reduction of elastin density and a reduction in
collagen deposits was observed in this treated experimental group when it was compared to
the control group. A reduction in elastin density results in vascular rigidity while collagen fibre
depletions result in a reduction in rigidity possibly counteracting effects of rigidity however
reducing the presence of a healthy aortic structure**. Some rigidity is vital in the aorta’s
structure and function; thus, the treated experimental group may maintain its elastic recoil but
lose the rigidity required to maintain the aortas’ structure result in future aortic destruction.
Nevertheless, these findings prove that Manuka honey protects the aortic tissue from some of
the elastin fragmentation caused by early LPS exposure, however not perfectly. Although

Manuka honey neutralised some of the harmful effects of LPS.

6.5 Conclusion

Early LPS exposure results in cardiac myofibril destruction and disrupted aortic elastic fibre
organisation. Upon closer examination it is observed that LPS induces cardiac myofibril and
mitochondria cristae destruction as well as elastin fibre fragmentation and collagen deposition.
Both occurrences may conclude in future cardiac hypoxia and aortic elevations in rigidity thus
resulting in hypoperfusion potentially concluding in widespread organ dysfunction, however
further study is needed. Manuka honey was used as a treatment in this study and the following
was observed, the natural therapeutic mitigated some of the effects of LPS by substantially
reducing cardiac myofibril destruction and elastic fibre disorganisation. Upon closer
examination the evaluated therapeutic, displayed a minor neutralisation of the LPS produced
cardiac myofibril injury, however failed to prevent the resulting harm caused to the
mitochondrial cristae. Manuka honey prevented elastin fibre fragmentation however, the
elastic fibres displayed a density reduction and a depletion of collagen fibres was observed.
The cardiac and aortic damage shows that early LPS exposure may directly affect CV health.
Overall, although Manuka honey has shown promising results although it fails to completely
neutralise the cardiac and aortic destruction produced by LPS. The following chapters will
further investigate the effect of early LPS exposure on total cholesterol levels and the CV
system cellular elements (erythrocytes, fibrin networks and platelets) while exploring Manuka

honey as a treatment.
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Chapter 7: Total
cholesterol levels
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7.1 Chapter Objective

Determine CV health by measuring the total cholesterol concentrations of the experimental,

treated experimental, control and treated control group using a sandwich ELISA assay.

7.2 Introduction

The total cholesterol concentration consists of high density lipoprotein cholesterol (HDL),
intermediate- density lipoprotein cholesterol (IDL), LDL and very low density lipoprotein
cholesterol (VLDL)?%. Studies have shown that long-term intake of a fat rich diet specifically
impairs the hepatic cholesterol pathway, for this reason, the animals used in the current study
were fed a low-fat diet in order to definitively conclude the effects of LPS on the CV total

cholesterol level®®”,

A high LDL cholesterol level results in negative physiological results, while a high HDL level
indicates positive physiological results?®. High density lipoprotein cholesterol has a strong
inverse relationship with CV disease and has been identified as being a CV protective factor?®,
While LDL is suspected to play a contributing factor to heart failure, however studies have
found that there is no association between heart failure risk and increased LDL cholesterol
level?®°. Nevertheless, LDL cholesterol does increase the likelihood of CV injury and
atherosclerosis?*®. In addition, an elevated non-fasting triglyceride level (the non-fasting
triglyceride level is the level of triglycerides that can be measured when an individual is in the
non-fasting state) is associated with a higher heart failure risk?*°. Lipopolysaccharide induced
inflammation is known to elevate serum cholesterol levels through the downregulation of
genes such as Low-Density Lipoprotein Receptor (LDLR) which plays an important role in low
density lipoprotein uptake?*. Thus, low-density lipoprotein uptake disruption would potentially

induce or aggravate CV complications.

The elderly population have a significant risk of developing CV complications and LPS may
intensify the development of these complications. Hypercholesteremia is associated with an
elevated CV dysfunction??2. Arthrosclerosis is induced by an inflammatory process that is
characterised by oxidised LDL deposition, endothelial cell injury and vascular wall plaque
accretion®®. In addition, Experimental studies have also shown that gut-derived LPS are
proatherogenic and may therefore further enhance the negative effects of elevated LDL
cholesterol levels. Lipopolysaccharides may alter the components of the total cholesterol,
potentially lowering HDL levels while elevating LDL levels®’. Furthermore, researchers
discovered that animals that are exposed to LPS developed vulnerable plaques that were

characterised by thrombi and intraplaque haemorrhages®’. Moreover, the study found that a
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possible platelet response amplification also occurred, LPS may prompt hypercoagulability

which would further increase the likelihood of CV system complications.

A total cholesterol sandwich ELISA test was conducted with the aim to evaluate the total
cholesterol level differences between the experimental and control test groups. The total
cholesterol ELISA test used did not require that the animals remain in a fasting state?*¢.The
total cholesterol test was used as a CV health indicator. Considering all the evidence, this
study used a biochemical test in order to produce results of greater reliability and accuracy to

confirm physiological total cholesterol levels.

7.3 Results

The total cholesterol level of each group was analysed using GraphPad Prism 9.0.0. A One-

way ANOVA was conducted which compared the mean total cholesterol levels of each testing
population. The test found that the total cholesterol levels of the control, treated control,
experimental and treated experimental group showed no significant differences. The data is
displayed in table 7.1 and figure 7.1.

Table 7.1: Total cholesterol levels- Test groups statistics

Total cholesterol (mg/dl)

_ Significant
Group Mean = SD Median P-value
(yes/no)

PBS 0,293 +£ 0,049 0,289

PBS +H 0,335 = 0,090 0,316
0,5571 No

LPS 0,277 £ 0,040 0,270

LPS+H 0,318 + 0,067 0,332

Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide, PBS: Phosphate-buffered saline, SD:
Standard deviation
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Figure 7.1: Mean total cholesterol of the control and experimental rat groups- Displays the mean and 95%
confidence interval total of the total cholesterol of each test group measured in mg/dL.

Table 7.2 documents the control, treated control, experimental and treated experimental rat
group individual comparisons between each group. The comparison definitively displays that
the total cholesterol of the control group shows no statistical significance with the treated
control, experimental and treated experimental group. In addition, the other test groups did

not display statistical differences to one another.

Table 7.2: Total cholesterol concentration- Group temperature comparisons

Total cholesterol (mg/dL)

Mean P-value Significant
difference (yes/no)

PBS vs PBS+H -0,04229 0,8500 No
PBS vs LPS 0,01563 0,9376 No
PBS vs LPS+H -0,02172 0,9376 No
PBS+H vs. LPS 0,05791 0,7182 No
PBS+H vs LPS+H 0,02056 0,9376 No
LPS vs. LPS+H -0,03735 0,8643 No
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Abbreviations: H: Manuka honey, LPS: Lipopolysaccharide, PBS: Phosphate-
buffered saline, SD: Standard deviation
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7.4 Discussion

Research has found that HDL produces an anti-inflammatory response and results in the
clearance and neutralisation of LPS?*4, Exposure to a significant amount of the lipoprotein
concludes in corticosterone production coupled with leukocyte recruitment during sepsis?*.
High density lipoprotein cholesterol administration in LPS exposed animals improves cardiac

function, reduces pro-inflammatory cytokine production providing a better prognosis?4.

In contrast, lipid saturated macrophages (foam cells) are a consequence of abnormal oxidised
LDL accumulation and hyperlipidaemia. A cholesterol imbalance results in a disruption in
cholesterol homeostasis contributing to foam cell formation through LDL induced lipid
macrophage deposition?*¢247, Foam cell formation is associated with atherosclerosis
development and plays a key role in the inflammation-associated immune response?*. The
foam cells release a variety of pro-inflammatory cytokines such as IL-1 and interleukin-2 (IL-
2) that result in inflammation that aggravates atherosclerosis pathogenesis?#. Inflammation
both results in macrophage activation and foam cell formation, while disproportionately
elevating ROS production?*®. Both phenomena encourage foam cell apoptosis which
concludes in the plaque formation found in an athrosclerotic lesion thus significantly negatively

impacting CV health?%,

Chronic inflammation significantly elevates the CV disease risk?*®. The present study
investigated the effect of early LPS exposure on total cholesterol levels, thus providing an
indicator of CV health by evaluating the cholesterol homeostasis. The findings are as follows:

early low LPS exposure not reduce or elevate the total cholesterol blood concentrations.

Although the total cholesterol of the LPS group did not present a significant change, chapter
six documents the effect that early low dose LPS exposure has on the aortic and cardiac
tissue. The LPS results in elastin fibre fragmentation, general cell destruction beginning at the
tunica intima. Together the chapters describe that early LPS exposure results in CV tissue
damage thus directly negatively impacting CV health. However, additional research is needed
to conclude the effect of early LPS exposure on HDL, LDL levels and LDL receptor mRNA

expression on macrophages.

7.5 Conclusion

Total cholesterol, TEM imaging of the aorta and cardiac muscle were used to investigate CV

health. Although, early LPS exposure results in ultrastructural damage of the heart and the
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aorta, it does not produce an elevation or reduction in total cholesterol levels and thus does
not affect cholesterol homeostasis. Therefore, total cholesterol cannot be used as one of the
early indicators of the effects of LPS or low-grade systemic inflammation. Furthermore, the
effect of Manuka honey on the impact of LPS on total cholesterol was explored however, no
significant differences between the groups was found thus the results were inconclusive.
Chapter eight will explore the effect of LPS on erythrocyte, fibrin network and platelet
morphology in order to conclude if early exposure to low LPS dose may result in morphological

disruptions and therefore future physiological complications.
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Chapter 8: Ultrastructural
blood analysis

132



8.1 Chapter Objective

Study the morphology of erythrocytes, platelets and fibrin network structure of the

experimental, treated experimental and control, treated control groups using SEM.

8.2 Introduction

Erythrocytes, platelets, and fibrin networks play a vital role in maintaining haemostasis. A
mature erythrocyte has a stable yet complex plasma membrane that is composed of an intact
specialised lipid bilayer that comes into contact with integral membrane protein through protein
interactions®. When the asymmetry of the bilayer is disrupted by the eryptosis cascade, the
cells structural integrity is compromised resulting in erythrocyte aging and CV system
clearance®®. In addition, pathogenic exterior eryptotic signals may induce eryptosis, resulting
in the premature clearance of the cell®®. Inflammatory lipases formed throughout the
inflammatory process conclude in accelerated erythrocyte aging”®. Toxic substances such as
LPS, induce a significant increase in haemolysis possibly resulting from a reduction in the
erythrocyte membrane integrity, thus affecting one or more of the internal proteins of the cell”®.
The endotoxin can change the membrane integrity by inserting itself into the cell membrane
through the cholesterol or sphingomyelin domains thus destabilizing the membrane®®°. In the
same way that erythrocytes are affected by the endotoxin, platelets play a vital role in the
coagulation cascade and are sensitive to external cytokine contact®®. The haemostatic process
consists of the following steps: vessel injury, vasoconstriction, platelet activation, coagulation
cascade and fibrinolysis as described in Chapter 2. Bacterial or bacterial metabolite contact
may result in GP Ib receptor hyperactivation through cytokine overstimulation that leads to
unintended initiation of the coagulation cascade in the absence of a wound and can conclude
in pathology?®. There is an overwhelming amount of information that proves that LPS causes
systemic inflammation?>7®#, The endotoxin may trigger platelet activation, aggregation,
granule release or platelet leukocyte formation®. Normal platelet activation refers to a series
of overlapping events that are triggered by platelet subendothelial tissue exposure. These
events include platelet shape change, adhesiveness, aggregation and various release
reactions resulting in haemostatic plug formation. However, when the process occurs in the
absence of a wound could be indicative of inflammation and platelet hyperactivation?'. An
alteration in blood coagulation factor expression also occurs inducing thrombin upregulation
as a result of systemic inflammation thus producing pronounced procoagulant effects?52,
These procoagulant effects act via key cell protease activated receptors which are expressed
in arterial vessel walls concluding in thrombin inducing proatherogenic actions that lead to the

further activation of inflammatory pathways?®?. Platelets play an important role in
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atherosclerosis development and thus the investigation of platelets prothrombotic states can
be extended to investigating the atherosclerotic risk®”. Research suggests that LPS adds an
additional atherosclerotic burden on patients resulting from the inflammatory properties of the
toxin concluding in plaque formation®’. In addition, a study conducted by Nunes et al. (2020)
documented that LPS may interact with fibrin resulting in thick fibres and abnormal clot

structures?s3.

This study used SEM to investigate the ultrastructural erythrocyte, platelet and fibrin network
changes that may occur from early LPS exposure while investigating Manuka honey as a
possible treatment. Thus, resulting in an increase in the body of information regarding the

effect of LPS on the CV cellular components.

The aim of this chapter was to compare the morphology through the ultrastructural analysis of
both the control and experimental populations to determine the effect of LPS on each CV

cellular component.

8.3 Results
8.3.1 The effect of lipopolysaccharides on blood haemostasis and

exploring Manuka honey as a treatment

In this study a low LPS dose (0.1 mg/ml at a volume of 0.05 mg/kg) was administered to the
treated experimental and experimental population. The comparison and evaluation of the
platelet and fibrin network structure of each population investigated whether the administered
LPS dose created a sufficient inflammatory response that resulted in a constant prothrombotic
state. Excessive platelet spreading and a dense disorganised fibrin network structure are a
consequence of a prothrombotic state®. Highly activated platelets produce many pseudopodia
and spread outwards (figure 3.8 C-D) while mildly activated platelets maintain a circular shape
with a reduced pseudopodia number (1 or 2) (figure 3.8 A and B). Normal fibrin networks
produce thin and thick regularly arranged fibrin networks as seen in figure 3.9 A, while an

abnormal fibrin network produces a dense network with thick strands (figure 3.9 B-D)".

Erythrocytes

Whole blood samples were collected and placed into sodium citrate tubes, following that, SEM
micrographs were created. The following blood samples were viewed: Figures 8.2-8.7 are

representative images of each control and experimental group.

Figure 8.1 represents the erythrocyte morphologies of the control and experimental groups.

The micrographs were compiled for the purpose of group comparison. In figure 8.2 normal
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erythrocyte morphology can be seen in every group. While, figures 8.3-8.6 display the

erythrocyte morphology in greater detail.

Figure 8.1: The SEM micrographs displaying the predominant erythrocyte structure found in the
control and experimental group- Figure A (control), Figure B (control treated), Figure C (experimental),
Figure D (experimental treated) depict the biconcave erythrocyte structure. (Scale bars: 1um)

Figure 8.2 illustrates the normal erythrocyte biconcave structure found in the PBS control

group. The majority of erythrocytes possessed the standard biconcave structure.

Figure 8.2: SEM micrographs displaying PBS control group erythrocyte morphology- Figure A-D depict
the biconcave erythrocyte structure within the CV system of the control rat group. (Scale bars: 1 pm)

The Manuka honey treated control group showed a biconcave erythrocyte structure as

displayed in figure 8.3.
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Figure 8.3: SEM micrographs displaying treated control group erythrocyte morphology- Figure A-D are
representative images of the biconcave erythrocyte structure present within the CV system of the treated
control group. (Scale bars: 1 ym)

Figure 8.4 displays that the general erythrocyte structure that was observed in the
experimental group had a biconcave structure as displayed in figure 8.4 C and D, however,
some cells displayed structural differences to the typical biconcave structure as seen in figure

8.4 A. An elevation of early elliptocyte formation (as seen in figure 8.4 B) was observed in the

samples of the LPS group.

Figure 8.4: SEM micrographs displaying experimental group erythrocyte morphology- Figures A-D
represent erythrocyte shapes that the LPS experimental group presented. Figure A, C, D — lllustrate a
biconcave erythrocyte with minor morphological alterations. Figure B- lllustrates early elliptocyte formation.
The micrographs generally displayed biconcave erythrocytes with commonly observed cell morphologies.
(Scale bars: 2 ym)

Figure 8.5 displays that the LPS and manuka honey experimental and control rat groups had

biconcave erythrocytes. While figure D displays an erythrocyte in early elliptocyte formation.
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Figure 8.5: SEM micrographs displaying treated experimental group erythrocyte morphology- Figures
A-D are erythrocyte morphologies found in the LPS and Manuka honey experimental group. Figure A and B-
Display biconcave erythrocytes. Figure C and D- Commonly observed erythrocyte morphologies; D- lllustrates
early elliptocyte formation. The micrographs generally displayed biconcave erythrocytes. (Scale bars: 1 ym)

Platelet morphology

The following micrographs (figures 8.6 and 8.7) are representative of platelet micrographs of
the control and experimental groups. The control and treated control groups are displayed in
figure 8.6 (A and B) and showed normal platelet spreading with minimal shape changes and
pseudopodia. Figure 8.7 (C and D) displays the platelets of the experimental and treated

experimental group, these platelets display minimal shape changes and pseudopodia.

Figure 8.6: SEM thrombin exposed samples displaying the platelets of the control and experimental rat
group- Figure A (control), Figure B (treated control), Figure C (experimental), Figure D (treated experimental).
The white arrows identify the pseudopodia (Scale bars: 2 um)
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The platelets of the control group are displayed in figure 8.7 A and B. The control group
displayed platelets with minor activation as well as display platelet-platelet interactions which
are defined as collections of two or more platelets. The treated control groups displated minor
platelet spreading and a minimal degree of platelet-platelet interaction as seen in figure 8.7 C
and D.

Figure 8.7: SEM thrombin exposed samples displaying the platelets of the control and treated control
group- Figure A and B display the platelets of the control group and Figure C and D depict the platelets of the
treated control group. The white arrows identify the pseudopodia (Figure A Scale bar: 3 ym) (Figure B-D: 2 ym)

Figure 8.8 illustrates the platelet morphology of the experimental and treated experimental
groups. The experimental group displayed few pseudopodia and morphogical changes as
seen in figure 8.8 B, and minor platelet spreading. Platelet-platelet interactions are identified
seen in figure 8.8 A and D. Both groups showed mostly minor (figure 8.8 C) to moderate (figure

8.8 D) pseudopodia formation. The platelets display minor spreading as seen in figure 8.8 D.
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Figure 8.8: SEM thrombin exposed samples displaying the platelets of the experimental and treated
experimental group- Figure A and B- LPS experimental rat group, Figure C and D- LPS and Manuka honey
group. The white arrows identify the pseudopodia (Figure A and D- Scale bar: 2um, Figure B and C- 1uym)

Fibrin fibre structure

An evaluation of the thrombin exposed samples of the control and treated control groups
(Figures 8.9 A and B) revealed a normalfibrin network architecture in which the individual fibres
that varied in thickness and in some cases creating an overlapping fibrin mesh. In addition,
open spaces were evenly distributed throughout the sample. However, there were some
observable fibrin networks that appeared to be denser, fused and thick in the experimental
group, while the treated experimental group displayed fibrin fibres that appeared to be denser

and fused fibrin however the fibres later formulated a normal network.
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Figure 8.9: SEM thrombin exposed samples prepared fibrin networks of the control and experimental

rat group- micrograph A (control), micrograph B (control treated), micrograph (experimental), micrograph
(experimental treated). Green arrows: Thin fibrin fibers; Red arrows: Thick fibrin fibers, Red block: Fused fibrin

fibers (Scale bars: 2um)

The control and treated control groups displayed thin and thick fibrin networks that are found

in normal fibrin networks as displayed in figure 8.10.

Figure 8.10: SEM micrographs prepared from fibrin networks of the control group- micrograph A- PBS,
micrograph B- PBS and honey. Green arrows: Thin fibers (Micrographs A and B- Scale bars: 2um)
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The experimental group appeared to display fused and thick fibrin fibres as displayed in figure
8.11 A. Figure 8.11 B, displays a representative image found in the treated experimental
group. The treated experimental group produced normal fibrin networks with both thin and
thick fibres with areas that appeared to contain fused thick meshes. However, the overall

mesh presented with a heterogeneity as seen in figure 8.11 B.

Figure 8.11: SEM samples prepared from fibrin networks of experimental groups- micrographs A- LPS,
micrographs B- LPS and honey. (Micrographs A and B- Scale bars: 2um; micrograph B: 10um)

A summary of the WB SEM analysis is presented in table 8.1 and the table contains a
summary of the effects of LPS on erythrocyte, fibrin network and platelet morphologies as well

as the effect of manuka honey as a potential treatment.

Table 8.1: Summary of Whole blood SEM analysis

Erythrocyte Platelets

Altered
Altered morphology Spread appearance
morphology
PBS - - -
PBS + H - - -
LPS - - -
LPS + H - - -

Groups Fibrin network
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Dense-like network

Altered fibre morphology

appearance
~ PBS - -
PBS + H - -
LPS ++ ++
LPS+H ++ ++

- + ++ +++
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8.4 Discussion

The effect of LPS on the CV system and its cellular elements (e.g erythrocyte, fibrin network
structure, and platelets) are well documented in literature and is well described in chapter
2587987 In this study, the low physiological endotoxin dose simulated what may occur in LPS
exposure patients due the previously mentioned modes of entry. Scanning electron
microscopy was utilised to investigate the effects of LPS on the erythrocyte, fibrin network and

platelet morphological structures and the following was documented:

When comparing the erythrocyte morphology of the control and experimental groups no
significant differences were found. One of the aims of this study was to explore the effect of
LPS on erythrocyte morphology the study has found that early low dose of LPS exposure over

a short period resulting in insignificant morphological changes’"®

The platelets of the control and experimental groups were compared and spreading were not
significantly different. All the evaluated platelets exhibited normal morphology and platelet-
platelet interactions. A study conducted by Zhang et. al. (2009) discovered that platelets that
were directly exposed to LPS levels lower than 100 ug/ml, do not aggregate?*. Following the
direct LPS exposure, a significant amount of platelet adenosine triphosphate (ATP) is released
which induced dense granule secretion?>*. Nevertheless, the ATP quantity released through
LPS induction is lower than the quantity secreted through a platelet agonist (e.g thrombin)
stimulation. Although thrombin does enhance the effects of LPS, the platelets of the
experimental and treated experimental groups did not show any significant difference to the
control and treated control groups which is dependent on the dose that the platelets were
exposed to in vivo. The low SC release may have resulted in underexposure or an insignificant
exposure period that did not produce a significant comparable chronic platelet activation
response. When the micrograph preparation occurred all of the platelets were exposed to
thrombin which induced platelet activation. The LPS dose may have contributed an additional,
but insignificant secretion of ATP resulting in the lack of significant differences between the
platelets of the control, treated control, experimental and treat experimental groups. However,
although no morphological differences between the groups has been found previous studies

have found that low LPS dose exposure results in low-grade systemic inflammation®.

When the fibrin networks experimental and treated experimental groups were compared, it
was found that the treated experimental and experimental groups produced fibrin network
structures that appeared to be significantly denser fibrin networks than the control and control
treated groups. The fibrin fibre samples from the two control groups manifested normal fibrin
networks in which individual fibres were of varying thickness and in most cases overlay to

produce a fibrin mesh. Significant differences between the two control groups could not be
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found. Fibrin network properties are largely altered by environmental factors. It is well
documented that LPS induces blood clots that are denser in nature and contain amyloid
marker traces??>, The treated experimental group displayed fibrin network structures that
appeared to produce thin, thick and fused fibres that were heterogenous compared to those
found in the experimental group. The experimental group mostly displayed fibrin network
structures that appeared to consist of thick and fused fibres.

Abnormal fibrin formation concludes in a thrombotic risk and patients present with fibrin clots
that resist fibrinolysis?*®. Blood clots that are resistant to fibrinolysis are prone to cause
thrombotic events in patients. Denser fibrin networks have been verified in arterial
hypertension, heart failure, renal insufficiency, myocardial infarction, and type 2 diabetes
mellitus®’. It is well documented that LPS causes hypercoagulation and that prothrombotic
and antifibrinolytic states are a consequence of persistent systemic inflammation which is a
hypercoagulability hallmark?8-2% This study shows that LPS causes significantly denser fibrin

networks in low doses indicating a hypercoagulative state however, more research is needed.

In contrast, previous research has discovered that Manuka honey has anti-inflammatory,
antibacterial and antimicrobial properties?3146204. The compound is utilised for infection
treatment in burns, abscesses, surgical and traumatic injury wounds?*2%, In addition, the
Manuka factor initiates both pro-inflammatory and anti-inflammatory processes to promote
would healing?°42%°, The wound healing time after administration is significantly reduced by
preventing a prolonged inflammatory response at the injury site through: firstly, suppression
of inflammatory cell (macrophages and lymphocytes) production and propagation, neutrophil
migration. Neutrophils facilitate a inflammatory response resulting in the second phase while
killing bacteria through phagocytosis, ROS, cytokine, chemokine, matrix-degrading enzyme
release®®. The second phase consists of the simulation of inflammatory response. Pro-
inflammatory cytokine release and fibroblast and epithelial cell proliferation concluding in
accelerated wound healing®®*. Researchers have found that Manuka honey exposure
concludes in the following pro-inflammatory cytokine release of: IL-1 3, IL-6 through the TLR-
4- dependent mechanism and TNFa at the injury site?®*. A study by Minden-Birkenmaier et al.
(2020) discovered that the simulation of pro-inflammatory and anti-inflammatory cytokine
expression after Manuka honey solution exposure to a wound site, is dose dependent?%°, A
0.5% Manuka honey solution exposure induces the simulation of both pro-inflammatory and
anti-inflammatory cytokines. While exposure to a 3% Manuka honey solution results in the
increase of TNF-a and IL-8 release®®. The anti-inflammatory effects are facilitated by
neutrophils exposed to Manuka honey resulting in the decreases inflammatory free-radical

damage, therefore preventing tissue necrosis in deep wounds?®4,
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In this study, there were some observable fused fibres in the experimental and Manuka honey
treated experimental groups, however the treated experimental group presented with both
dense and fused fibrin fibres and normal networks that are comparable to the control fibrin

fibres.

When comparing the fibrin network structure of the experimental and treated experimental
groups, it is observed that LPS exposure resulted in the fused and thick aggregated fibrin
mesh production that seldom displayed thin fibrin fibres. The Manuka honey treated
experimental group produced a wide assortment of fibrin fibres that were fused, thick and thin
in nature. The nature of the fibrin structures created by each experimental group would cause
an elevation in coagulability possibly concluding in thrombotic events. However, the
experimental group may produce a dense, but stable clot in comparison to the clots created
by the treated control group. Although ingesting Manuka honey neutralised some of the
harmful hypercoagulative effects that were a consequence of LPS exposure, resulting in the
presentation of a normal network presentation in some areas. The treated experimental group
presented with fibrin networks that were uneven in thickness that could result in the formation
of unstable clots with greater porosity and may conclude in an elevation of bleed incidents.
Although the dense blood clots that are found in the experimental group would result in
thrombosis in any case.

Low doses of LPS exposure elevates the risk of thrombaosis thus elevating the CV pathology
risk. Patients with AF were found to be in a hypercoagulable state with denser fibrin
networks?!. Impaired fibrinolysis is associated with ischaemic stroke and bleeding
complications?*®2¢1, Lipopolysaccharide exposure would raise that risk. Atrial fibrillation is
more prevalent in men and these patients elevated subclinical or silent stroke incidence and

a greater dementia risk (including AD) as a consequence®>-%:102,

8.5 Conclusion

Lipopolysaccharides elevate thrombotic risk as a consequence of a hypercoagulative state.
Early exposure to low LPS doses results in insignificant erythrocyte and platelet morphological
changes as well as inducing substantial alterations in clot structure. Denser fibrin network
formation was a consequence of endotoxin exposure and may elevate the thrombotic and CV
disease risk. In addition, although the Manuka factor produces anti- bacterial and -
inflammatory effects, Manuka honey presented as an inadequate treatment. While ministering
the treatment bought about the reduction of the hypercoagulative state produced by LPS in

the form of thick and fused fibrin fibres, the treated experimental group produced dense and
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uneven fibrin networks?®. Although Manuka honey possess many beneficial properties such
as the ability to reduce inflammation during in the wound healing process, it does not fully
neutralise the pro-coagulative effects of the endotoxin. Thus, it is an insufficient treatment for
the prevention of hypercoagulability with LPS exposure. However, further research would
provide a deeper understanding to the molecular mechanisms of the therapeutic effects of
Manuka honey and why it failed to completely neutralize the pro-coagulative effects of LPS.
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Chapter 9: Conclusion



9.1 Introduction

Many sub-Saharan countries like South Africa are experiencing elevations in urbanisation
resulting in lifestyle changes. As a consequence, an epidemiological shift from infectious
disease to lifestyle diseases such as CV disease is being observed?®2. An increase in diabetes,
hypertension and obesity are contributing factors however, CV disease are not a sub-Saharan
public heath priority?®2. Therefore, many individuals may live with undiagnosed CV disease as
a consequence. A study conducted by Hamid et al. (2018) discovered that hypertension is a
major risk condition consequentially individuals with undiagnosed and thus untreated CV
disease are at an increased risk of developing other CV diseases!??. In addition, these
individuals, who are often in a lower income bracket, are less likely to be diagnosed with
chronic systemic inflammation or LPS endotoxin exposure, due to the failing public health
systems found in the region. Sixty-six percent of South Africa is urbanised and the country
contains an elderly population of eight percent?®®, Coupled with the elevated CV disease
prevalence in the region, LPS exposure may result in a greater undiagnosed CV disease risk.

As a consequence, placing further strain on already ailing sub-Saharan health systems.

In this study, ten-week-old, male Sprague dawley rats were used to explore the effects of early
(ten days) endotoxin exposure on the general population as well as in young males. The study
reviewed if early exposure would induce dementia type behaviour and cognitive deficits as
well as produce CV changes. Meanwhile, Manuka honey was administered as a possible
treatment to prevent behavioural, cognitive or CV changes that may have resulted as a
consequence of LPS exposure. This study showed that early LPS exposure at a low
physiological dose has damaging results on the CV system while Manuka honey was an

incomplete treatment for the effects of LPS exposure.

9.2 Key findings

A Sprague dawley rat model was successfully designed and implemented over a 19-day
period. The study investigated the effect of a low SC LPS (at 0.1 mg/ml at a volume of 0.05
mg/kg of the rat) dose on behaviour and memory, core body temperature (thermogenesis) and
weight, and the CV system. As described in chapter four, the experimental group presented
with anxiety behaviour, short- and long-term familiar object recognition, and short-term spatial
memory that was similar to that of the control groups. While the treated experimental
presented with only anxiety behaviour and short- and long-term familiar object recognition
memory that were similar to the control and treated control group. The treated experimental

group showed a significant decline short-term spatial memory when compared to the control
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and experimental group. However, the group presented with no significant change in spatial
memory than the treated control group. Fructose exposure coupled with LPS exposure may
result in a greater spatial memory degeneration. A study conducted by Fierros-Campuzano
have found that a high fructose diet is associated with a deficit in the hippocampal cognitive
functions, which may provide a possible explanation for the findings in this study?4. Although,
honey contains a substantial amount of sugar e.g fructose, chapter five indicated the weight
of the experimental and treated experimental group showed a steady increase similar to the
control groups!®®. In addition, the experimental groups presented with similar core body

temperatures to the control populations.

The aortic and cardiac tissue were evaluated in chapter six. Upon evaluating the cardiac tissue
using H and E, the cardiac muscle of the animals exposed to LPS presented with visible
cardiac myofibril damage and erythrocyte extravasation associated to vascular leakage as a
consequence of endothelial damage in some areas??®. While other areas presented with
normal cardiac histology. However, when investigating glycogen accumulation as an indicator
of cardiac hypoxia using Periodic acid-Schiff the experimental groups displayed a lack of
glycogen accumulation when compared to the control groups. Therefore, all of the test groups
displayed no visible signs of hypoxia. With the in-depth TEM investigation, the LPS treated
groups presented with moderate myofibril damage while the addition of the LPS and Manuka
honey group presented with reduced myofibril damage. Endotoxin exposure produced mild
mitochondrial cristae damage. Meanwhile, Manuka honey administration failed to counteract

the mechanisms involved in the destruction of mitochondria cristae.

When evaluating the aorta using H and E, varying tissue disruption in the form of nuclei
clustering and flattening in some area was a consequence of endotoxin exposure. In contrast,
Manuka honey only presented with aortic tissue damage that presented as perforations that
could be observed upon closer magnification, thus neutralising some of the harmful effects of
LPS. When evaluating the elastin layers using VVG. LPS caused elastic fibre disruption that
was displayed as disordered fibre arrangements and a large number of elastic laminae
crosslinks. Manuka honey exposure concluded in a reduction in the elastic fibre disruption
caused by the endotoxin. Upon elastin and collagen inspection using TEM, endotoxin
administration concludes in elastin fragmentation and collagen deposition. In contrast,
Manuka honey prevents the fragmentation of elastin to a significant degree however, as a

consequence the treatment results in collagen depletion.

Following the blood analyses, it was concluded that early LPS exposure does not disrupt
cholesterol homeostasis or significantly alter erythrocyte and platelet morphology. However,

exposure dose may increase the elliptocyte presence in the circulating erythrocyte population.
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In contrast, endotoxin exposure resulted in the thickening and fusion of fibrin fibres. Still, the
therapeutic treatment partly countervailed the effects of the endotoxin thus resulting in the
restoration of normal fibrin fibre structure in some areas while producing fused and thick fibres
in other areas. Nevertheless, Manuka honey is not effective as a treatment for systemic
inflammation or LPS exposure since the treatment failed to fully counteract the harmful effects

of the endotoxin.
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Effects of early LPS exposure

1. Anxiety:

Insignificant difference

2. Short- and long- term
object memory:
Insignificant difference
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2. Heart:
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core temperature
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Figure 9.1: Study summary- Endotoxin exposure resulted in the following: cardiac myofibril destruction, mitochondrial damage, aortic cell

disruption, elastin fibre fragmentation, abnormal collagen deposition, and abnormal fibrin network in the form of thick and fused fibres. The
therapeutic agent, Manuka honey reduced cardiac myofibril destruction, reduced aortic destruction, elastin fibre fragmentation and in CV
circulation counteracted some of fibrin thickening effects of the endotoxin. However, the treatment elevated short term memory degradation

and resulted in aortic collagen depletion.
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9.3 Relevance of the findings

Lipopolysaccharides is widely used to investigate the effects of fever and sepsis on the human
body. However, the present study provided preliminary data on the early effects of the LPS
endotoxin on behaviour, cognition, the CV system, thermogenesis and weight. The study
identified that the endotoxin presents with CV damage in the form of cardio myofibril and aortic
damage that may result in accelerated CV aging and increased risk to CV disease. In addition
the observed mitochondrial cristae destruction may result in a reduction in mitochondrial
respiration leading to an upsurge in mitochondrial oxidative stress and a reduction in
membrane potential?®2. Continued LPS exposure may result in further mitochondrial cristae
destruction that may conclude in widespread oxidative stress overtime resulting in the
apoptosis of many cardiomyocytes potentially leading to CV complications. Elastin depletion
may result in the vasculature stiffening resulting in hypertension and impaired blood flow to
vital areas such as the brain, heart, liver and lungs. However, initially individuals do not present
with temperature, weight or total cholesterol alterations, thus rendering identification and
diagnosis difficult. In addition, the study has identified the need for further investigation the
area of LPS early exposure symptom identification as well as the need for a readily accessible
and effective treatment. Although, Manuka honey has a variety of therapeutic uses such as
wound healing acceleration, it cannot be used as a treatment for LPS exposure or low-grade
systemic inflammation it fails to fully prevent the harmful effects of LPS exposure and results
in aortic collagen depletion. Collagen depletion compromises the structural integrity of the
aorta thus resulting in vascular pathology. The study confirmed the relevance of an animal

model on the effects of early LPS exposure.

9.4 Limitations of the study and future recommendations

Although this study added to existing literature on the topic, it did present with limitations such
as the range of biological tests that were utilised as well as the endotoxin exposure duration.
An increase in the number of days from ten days to perhaps 15 days may allow for
distinguishable differences between the control and experimental groups concluding in clear
descriptions of the effects of a low LPS dose on behaviour, cognition, the CV system,
thermogenesis and weight. Further linking the endotoxin to early neurogenerative disease
pathogenesis. Future studies may need to increase the number of rats, as a well as evaluate
rats of both the male and female sex. The elevation in rat number would increase the statistical
power of the results obtained. Evaluating both sexes would allow for the evaluation of how
gonadal hormones may contribute to cardiac protection or degradation. Studies have found

that pre-menopausal women display a greater level of cardiac hypertrophy protection when
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compared to their male counterparts®®. In addition, oestrogen counteracts pro-hypotrophy
signals however, this protection is non-existent following menopause and is incompletely
regained after the commencement of oestrogen replacement therapy?®®. Thus, oestrogen
provides cardiac protection that cannot be overlooked when conducting a study regarding CV
health. In addition, male and females manifest behavioural and cognitive pathological
symptoms differently. A wholistic view on the effect of gonadal hormones on the harmful
effects of LPS may widen the stream of knowledge available on the external presentation that

women and men display in the early onset of a neurodegenerative disease.

In addition, TEM and SEM only provide qualitative and not quantitative data. A future study
should evaluate beats per minute, blood pressure, and cardiac troponin-I since the endotoxin
exposure presents with CV myocardial injury that could show significant cardiac troponin-I,
systolic and diastolic pressure differences even after a short duration of endotoxin exposure.
The cardiac troponin-l test would evaluate cardiac myofibril specific injury. The aortic
destruction evaluated in this study would need to be further investigated and the next phase
would be to investigate its effect on CV pressure. Beats per minute may provide another
guantitative marker on the effect of LPS on cardiac contraction. An investigation into LDL, HDL
and LDL receptor mRNA expression on macrophages would broaden the amount information
on the effect of the endotoxin on cholesterol homeostasis and if it corresponds to macrophage

foam cell formation.

Regarding blood cellular element analysis, thromboelastography (TEG®) would be vital in
comparing the clot strength of both the control, and experimental groups. The test would
investigate the efficiency of blood coagulation in exposed and control individuals. Creating
clots from the blood of the control and experimental groups then fracturing the respective clots
opposed to coating on a coverslip would provide a superior indication of clot formation in blood
i.e., the CV system. Therefore, this would assist in the identification of the interactions between
clotting factors with one another. Thus, expanding on the information of the variety of
thrombotic events that LPS exposed individuals are likely to manifest. In addition, Amyloid 3
and tau protein are two hallmark proteins for AD since it is thought that amyloid 3 oligomers
followed by downstream tau protein dysfunction, may conclude in AD?®¢. Amyloid B and tau
protein evaluation using ELISA would definitively link LPS to AD allowing for the strengthening
of its association with AD. In addition, data shows that vascular factors are important AD risk
contributors and the first AD change is a reduction in cerebral blood follow?®’. An investigation
of the vasculature of both cardiac and cerebral would investigate cerebral and cardiac blood
flow, and amyloid B and tau protein level quantification would provide detailed image of

disease aetiology.
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Lastly, future studies may need to obtain the Manuka factor (methylglyoxal) extract from
Manuka honey and utilise it as a treatment in the place of the raw material. Using the
methylglyoxal extract would provide a greater concentrated anti-inflammatory agent thus
potentially providing better results without the counteractive pro-inflammatory and
hippocampal degenerative effects of fructose?32¢8, For the reason that, lowering the Manuka
honey dose to prevent the effects of fructose would result in an even greater inability of the

treatment to counteract the injurious effects of LPS.

In conclusion, LPS are readily available in our environment and thus CV entry resulting in
subclinical physiological changes may occur. A greater body of information is vital as a notable
elevation in CV disease prevalence found in sub-Saharan Africa may further be elevated due
untreated endotoxin exposure. Thus, may result in the further elevation of the risk of
neurodegeneration. Natural anti-inflammatory agents on the continent and abroad may assist
in the fight against low-grade systemic inflammation or LPS exposure. Once the identification
of the early symptoms of LPS exposure and natural cost effective therapeutic’s occur,
treatment of affected individuals of all socioeconomic backgrounds can begin, resulting in the

prevention of LPS induced CV disease and possible neurological degradation.
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Chapter 10: Appendixes



10.1 Appendix A

10.1.1 Materials and chemicals

e 10 mm Coverslips

o 24-well plates

e Absolute Ethanol (Manufacturer: lllovo, catalogue number: 1170) (used: all light
microscopy test (which include: H and E, VVG, and MT), and TEM)

e Beakers

¢ Blood vacuum tubes: (Sodium citrate vacucare (2.7 ml) (use: SEM), Serum vacucare
tube (5 ml) (use: Total cholesterol ELISA kit)

e Colour stickers to easily identify the different groups

e Coverslips (22 mm x 40 mm x 100/pcs (Manufacturer: Lasec)

e Elastic staining kit (Manufacturer: Sigma-Aldrich, catalogue number: HT25A-1KT)

e Entellan® mounting medium (Manufacturer: Merck, catalogue number: HX68664361)

e F10 SC veterinary disinfectant (Manufacturer: Health and Hygiene (Pty) LTD) (use:
Disinfecting surfaces between behavioural tests)

o Fixative (4% formaldehyde made before getting to University of the Witwatersrand
CAS unit and taken there) (use: Light microscopy and TEM)

e Forceps

e Formaldehyde (Manufacturer: Merck, catalogue number: F8773-25ml)

e Glass tubes for TEM and LM samples (ALS, B793, 10 ml glass vials)

e Gloves (M/L)

¢ H and E stain (Manufacturer: Sigma-Aldrich, Haematoxylin catalogue number: H9627-
25G, Eosin catalogue number: 230251-25G) (use: H and E)

¢ HMDS (Manufacturer: Merck, catalogue number: 440191-1L) (use: SEM)

e Manuka honey (Sourced from: Ample Resources South Africa)

e Micropipettes (use: SEM prep)
e Organs: heart and aorta

e Papers with 1 mm? blocks on to indicate the size of the TEM samples to cut

o Paraffin white wax pellets (Manufacturer: Merck, catalogue number: 76242)

e Pasteur plastic pipettes

e Periodic acid-Schiff staining system kit (Manufacturer: Sigma-Aldrich, catalogue
number: 395B-1KT)

e Petri dishes
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Phosphate Buffer Solution (made before getting to the University of the Witwatersrand
CAS unit and taken there) (use: rat experimental group dosing, Cholesterol ELISA kit
test, SEM and TEM)

Pipette tips

Secondary Fixative (4% Osmium tetroxide (Manufacturer: Merck, catalogue number:
75632-5 ml)) (Manufacturer: SPI Suppliers) (made up the day before termination) (use:
SEM and TEM)

Shandon MB DynaSharp microtome blades 34°/80 mm (manufacturer: Thermo
Election Corporation)

Single edge blades (Manufacturer: SPI Suppliers)

Slide Boxes (Manufacturer: ALS)

Star select- Frosted Glass slides (Manufacturer: Lasec catalogue number: 3000F-02-
1009) (use: Light microscopy)

Stickers for labelling tubes (this is done before arrival at University of the
Witwatersrand CAS unit)

Thrombin (use: blood prep)

Xylene (Manufacturer: Sigma-Aldrich, catalogue number: 534064-4L) (use: Light

microscopy)
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10.2 Appendix B

10.2.1 Link for test raw data

Please find the link for the raw data acquired during the behavioural study (Open field, Novel
object recognition, The Y-maze novelty preference test), body weight, core body temperature

and total cholesterol ELISA test:

https://drive.google.com/drive/folders/1vLrEHOAJqONt-cfZDvOUjwdSWIlgfajJE?usp=sharing
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10.3 Appendix C

10.3.1 University of Pretoria: Animal ethics committee approval

A~ 4

UNIVERSITEIT VAN PRETORIA
UNIVERSITY OF PRETORIA g
TUNIBESITHI YA PRETORIA Faculty of Veterinary Science

Animal Ethics Committee

3 August 2020
Approval Certificate with Conditions
New Application
AEC Reference No.: 171/2020
Title: The effect of systemic lipopolysaccharides on the cardiovascular system
in Sprague-Dawley rats
Researcher: Miss Gl Tambwe

Student's Supervisor: Dr S Alummoottil
Dear Miss Gl Tambwe,

The New Application as supported by documents received between 2020-06-15 and 2020-07-27 for
your research, was approved by the Animal Ethics Committee on its quorate meeting of 2020-07-27.

Please note the following about your CONDITIONAL ethics approval:

1) Approval is prospective only and does not cover any data collected before the 6'th of July 2020 i.e.
no respective data may be used as part of this approval.

2) The committee has decided, that this project will be inspected since it is outside of a UP managed
facility. Please provide the committee for the starting dates of the project so that an inspection can be
arranged.

1. The use of species is approved:

Species and Sampl Number

Rats 60

Ethics Approval is valid for 1 year and needs to be renewed annually by 2021-08-03.

Please remember to use your protocol number (171/2020) on any documents or

correspondence with the AEC regarding your research.

4. Please note that the AEC may ask further questions, seek additional information, require
further modification, monitor the conduct of your research, or suspend or withdraw ethics

©N

approval.
Ethics app | is subject to the following
« The ethics approval is conditional on the h being c« d as stipulated by the details

of all documents submitted to the Committee. In the event that a further need arises to change
who the investigators are, the methods or any other aspect, such changes must be submitted
as an Amendment for approval by the Committee.

We wish you the best with your research.
Yours sincerely

o

CHAIRMAN: UP-Animal Ethics Committee

Room 6-13, Amold Theder Building, Dndemstepoont Fakulteit Veeartsenykunde

Tel+27 125298483 ¥ Lefapha la Diseanse t5a Bongakadiruiwa
Fax +27 12 529 8321

Emad gec@up ac 78

waw 0 0c28
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10.3.1 University of Pretoria: Faculty of health sciences research ethics

committee approval

Please find the link for the Faculty of health sciences research ethics renewal:

https://drive.google.com/drive/folders/1vLIEHOAJgONt-cfZDvIOUjwdSWIlafajJE?usp=sharing
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10.3.2 University of the Witwatersrand: Animal research ethics

committee approval

UNIVERSITY OF THE
WITWATERSRAND,
JOHANNESBURG
STRICTLY CONFIDENTIAL
ANIMAL RESEARCH ETHICS COMMITTEE (AREC)
CLEARANCE CERTIFICATE NO. 2019/07/44/C

APPLICANT: Prof W Daniels
SCHOOL: Physiology
DEPARTMENT:

LOCATION:

PROJECT TITLE: Investigating lipopolysaccharide-induced hypercoacuality in Sprague-Dawley
rats with Alzheimer's type neuroinflammation

u r and
75X male 10 weeks old wild-type Sprague-Dawley Rats

Approval was given for the use of animals for the project described above at an AREC meeting held on
2019/07/30. This approval remains valid until 2021/09/30.
Unreported changes to the application may invalidate the clearance given by the AREC

An annual progress report must be provided

The use of these animals is subject to AREC guidelines for the use and care of animals, is limited to the
procedures described in the application form and is subject to any additional conditions listed below:

o)
Signed: @ Date: {7 O rer 2019
N

| am satisfied that the persons listed in this application are competent to perform the procedures therein,
In terms of Section 23 (1) () of the Veterinary and Para-Veterinary Professions Act (19 of 1982)

Signed: /5 myé(s . : pate: _G\OChooe 201G
Registered Veterinarian

cc: Supervisor: N/A
Director: CAS Works 2000/1ain0015/AESCCert.wps
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