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ABSTRACT

Background: Oxidative stress and chronic inflammation contributes significantly
to the pathogenesis of several ischaemic heart diseases, including atherosclerotic
plague rupture and myocardial infarction. It is widely demonstrated that ischaemia,
followed by reperfusion, results in alterations of the mitochondrial and endothelial
function through uncontrolled cascades of events characterized by free radical
release and inflammation. Recent experimental evidence shows that modulation of
inflammatory and antioxidant signaling mediators may determine the host outcome

following myocardial ischaemia-reperfusion injury.

Investigations from the past decade indicate that food supplements may play an
important role in the prevention and management of chronic inflammatory diseases.
Garcinia kola seeds are flavonoid rich nut from a tropical flowering, non-timber plant
of the Guttiferae family. This plant is highly valued in several African cultures for its
use in herbal medicine. Recently, the majority of experimental research has linked
phytochemicals found in Garcinia kola nut, to its proposed beneficial effects in
treatment and management of oxidative stress related-chronic diseases. Research
performed in our laboratory demonstrated that kolaviron, a prominent Garcinia kola
flavonoid extract, reduces myocardial apoptosis during ischaemia-reperfusion injury.
Therefore, the aim of our current study was to determine the effects of Garcinia kola
supplementation on cardiac inflammatory and antioxidant signaling pathways during
ischaemia-reperfusion using a Wistar rat heart model.

Materials and Methods: Male wistar rats were randomly divided into two groups:
a control group receiving 2mil/kg corn oil and the experimental group receiving
100mg/kg Garcinia kola dissolved in corn oil, daily for 4 weeks. After the feeding
period, blood samples were collected and lymphocytic DNA damage was analyzed
using the alkaline comet assay. Furthermore, rat hearts were isolated and perfused
with Krebs-Henseleit buffer on a working heart perfusion apparatus to measure
myocardial functional parameters. Myocardial functional recovery was measured
after 15 minutes global ischaemia followed by 25 minutes reperfusion. Hearts were
freeze clamped at three different time points for myocardial cytokine concentration

determinations using multiplex electrochemilunescent immunoassay. Nuclear factor



kappa beta (NF- kB), p38 mitogen activated protein kinases (p38 MAPK), protein
kinase B/Akt (PKB/Akt), nitro-tyrosine, inducible nitric oxide (iNOS), cyclooxygenase-
2 (COX-2), poly (adenosine-di-phosphate) ribose polymerase-1 (PARP-1) and
caspase-3 expression and their phosphorylated forms (where applicable) were

analyzed using the Western blot technique.

Results: Dietary Garcinia kola supplementation significantly improved functional
recovery when compared to the control group as reflected by the improved aortic
output recovery (68.47 + 6.16% versus 44.96 + 7.00%; p<0.05). Our biochemical
results supports the hypothesis that, dietary Garcinia kola supplementation
modulates different cardiac proteins in terms of expression and activation at different
time points when compared to the control group. We show that, before induction of
ischaemia, Garcinia kola supplementation attenuates expression of inflammatory
mediators and pro-apoptotic proteins when compared to the control group. The
improved functional recovery was associated with a prompt inflammatory response,
activation of PKB/Akt and attenuation of protein nitrosylation after 10 minutes of
reperfusion. Modulation of NF-k and the p38 MAPK family proteins expression could

have also played a significant role in myocardial functional recovery.

Conclusion: We have shown that a 4 week period of dietary Garcinia kola
supplementation at 100mg/kg daily improves cardiac functional recovery following
ischaemia-reperfusion injury. We propose that dietary Garcinia kola supplementation
protects cardiac myocytes from ischaemia-reperfusion induced oxidative stress
through the induction of a prompt inflammatory response and controlled expression
and/or activation of the, NF-k3, PKB/Akt and p38 MAPK protein signaling pathways
PARP-1 and caspase. Finally, we demonstrated that dietary Garcinia kola
supplementation did not induce rat lymphocytic DNA damage when compared to the

control group.
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CHAPTER 1: INTRODUCTION

Ischaemia-reperfusion injury (IRI) is associated with alterations in the function of
the mitochondrial membrane through cascades of events, leading to increased free
radical production and activation of inflammatory mediators (Eltzschig and Collard,
2004; Grootjans et al., 2010). In the last few decades it has become clear that
increased release of free radicals are involved in the pathogenesis of several
ischaemic cardiovascular diseases (CVD), in particular atherosclerosis and
myocardial infarction (Lakshmi et al., 2009; Vogiatzi et al., 2009). The role of free
radicals in atherosclerotic plaque formation is well accepted, however, accumulating
evidence shows that the inflammatory response plays a major role in all stages of
atherosclerosis (Hansson and Libby, 2006). Furthermore, research evidence
indicates that acute inflammatory responses during IRI is predominately an innate
immune response, mediating tissue injury and possibly repair mechanisms (Linfert et
al., 2009; Arslan et al., 2010).

In 2008 an estimated 17 million global deaths were attributed to CVD,
representing approximately 48% of global deaths due to non-communicable disease
and over 80% of these deaths were reported from low to middle income countries
(WHO, 2011a). From these total deaths, 7.3 and 6.2 million were attributed to
coronary heart disease and stroke, respectively (WHO, 2011b), with approximately
42% credited to ischaemic heart diseases (WHO, 2011a; 2011b). Mathers and
Loncar (2006) projects that by 2030, CVD will remain the single leading cause of
deaths world-wide, with people dying from CVD, increasing to approximately 23.3
million. In the Republic of South Africa alone statistics show that approximately 195
people died per day due to CVD between 1997 and 2004 (Maredza et al., 2011).
With the disease taking its toll, projections indicate a potential increase in death rate
of over 40% in the age group between 35-64 yrs by year 2030 in the Republic of
South Africa alone (Maredza et al., 2011).

Ischaemia generally results from the occlusion of one of the major arteries
causing restricted blood supply and limited oxygen supply (Goldhaber and Weiss,
1992). Restoration of blood supply (reperfusion) is critical for salvaging of injured

cells and re-establishment of tissue function (Dhalla et al., 2000). Though necessary



for cell survival, it has been shown that reperfusion contributes to myocardial damage
through a process referred to as reperfusion injury (Ferrari et al., 1991). The main
mechanisms hypothesized to explain the pathogenesis of ischaemia-reperfusion
injury includes endothelial injury, oxidative stress and inflammatory response
(Vajdovich, 2008). Oxidative stress has been linked with cellular damage observed in
cardiovascular related diseases (diabetes and hypertension) and other risk factors
(smoking and dyslipidaemia). The majority of experimental evidence implicates
oxygen and nitrogen derived free radicals, especially superoxide, hydroxyl, nitric
oxide (NO) and peroxynitrite (ONOOQO) in the pathogenesis of ischaemic CVD (Ferrari
et al., 1991; Closa and Folch-Puy, 2004; Zweier and Talukder, 2006; Pacher et al.,
2007). On interaction with intracellular macromolecules in vivo, free radicals have
demonstrated detrimental effects facilitating damage to intracellular organelles, cell

membranes, leading to cell death and endothelial dysfunction (Vajdovich, 2008).

Upon tissue injury, an inflammatory response may be initiated as a primary
immune system response for elimination of pathogens or stimuli, in order to restore
the cell to a state of normal homeostasis or remove dead cells (Pan et al., 2010).
This is a process by which innate immune system mediators enter the injured tissue
area and facilitate tissue healing and repair. Inflammatory response induces
increased release of mediators such as leukotrienes, prostaglandins and histamine.
The binding of these mediators to their respective receptors on the endothelium
facilitates vasodilation, increasing blood flow, capillary permeability and infiltration of
plasma fluids, proteins and leukocytes to the area of injury (Buckley et al., 2001). The
initial inflammatory response referred to as acute inflammation, occurs within
seconds and may last for several hours to a few days, to complete the process of
tissue healing (Feghali and Wright, 1997). Contrary to the homeostatic function,
inflammation which last for weeks to months, and in some instances for years,
progresses to a chronic disease state resulting in progressive tissue injury (Feghali
and Wright, 1997).

Inflammatory mediators may be derived from the circulation as inactive precursors or
may be released by cells of the immune system at the site of injury. Cell derived
mediators are rapidly secreted during an acute inflammatory response: histamine by

mast cells, prostaglandins and cytokines/chemokines by leukocytes. Other proteins



circulating in inactive form e.g. complement system proteins, undergoes proteolytic
cleavage to be transformed to their active state. It has been reported that an
inflammatory state is maintained until the offending pathogen is eliminated and the
tissue repair process is complete (Nian et al., 2004). Therefore, chronic inflammation
suggests a dysfunction of the negative regulatory mechanisms regulating acute
inflammatory response (Inagaki-Ohara et al., 2003; Yoshimura et al., 2003). Chronic
inflammation may be defined as an inflammatory process characterised by
macrophage, lymphocytes and plasma cell infiltration, exerting its cellular side effects
mainly through overproduction of free radicals, prolonged expression of inflammatory
mediators and depletion of antioxidants (Percival, 1999).

Chronic inflammation and oxidative stress are complicated processes linked with
several chronic diseases such as CVD and cancer. Currently, chronic inflammatory
diseases (CID) are still proving to be a major health challenge world-wide (WHO
2011a). Several pharmacological agents available, such as celebrex, ibuprofen and
aspirin only targets inhibition of activity of the cyclooxygenase enzyme, thereby
blocking prostaglandin synthesis hence their efficiency in treating pain and fever.
Infiltration of mononuclear cells, predominantly macrophages and neutrophils in
inflammatory state primarily serves to eliminate deleterious agents and initiate tissue
repair, however, activation of macrophages may be responsible for much of the injury
that occur during chronic inflammation (Butterfield et al., 2006). Activation of these
cells may lead to increased release of lysosomal enzymes, reactive oxygen and
nitrogen species, as well as cytokines and chemokines, which may be toxic to the
host cell. With a rapid increase in disease prevalence currently observed in
developing countries (Puoane et al., 2008), lifestyle changes and healthy natural

dietary components have become the current focus on managing CID.

Phytochemicals have previously been shown to have a beneficial role in reducing
the incidence and progression of diseases to a chronic inflammatory state (Middleton
et al., 2000; Kim et al., 2004; Yoon and Baek, 2005; Lin et al., 2006). These are plant
derived chemicals found in many vegetables, fruits and beverages such as wine and
tea, popular for their health benefits, including antioxidant and anti-inflammatory
activities (Kim et al., 2004; Yoon and Baek, 2005). Research suggests that flavonoids

in particular are an important polyphenolic phytochemical group associated with



decreased risk of chronic oxidative stress induced diseases such as cancer and CVD
(Middleton et al., 2000; Lin et al.,, 2006). These are water soluble polyphenolic
compounds characterised by two or more aromatic rings, each bearing at least one
aromatic hydroxyl and connected with a heterocyclic pyran (Beecher, 2003). Table 1-
1 shows the sub-classification of flavonoids, names of prominent food flavonoids and

their typical food sources (Garcia-Lafuente et al., 2009).

Table 1-1: Subclass and prominent food flavonoids and typical food sources

Flavonoid Food Flavonoid Food source

sub-class

Flavanols Catechin, gallocatechin, epicatechin Teas, red grapes and red wines
Flavonones Naringenin, hesperetin, eriodictyol Citrus food

Flavones Apigenin, luteolin Green leafy spices

Isoflavones Daidzein, genistein, glycitein, biochanin A Soyabeans, soy food, legumes
Flavonols Kaempferol, myricetin, quercetin, isorhamnetin Nearly ubiquitous in food
Anthocyanidins | Cyanidin, delphinidin, pelargonidin Red, purple and blue berries

(Adapted from Garcia-Lafuente et al., 2009)

Garcinia kola, a species of a tropical flowering non-timber plant of Guttiferae
family, is found mainly in the tropical rain forest regions of west and central Africa
(Okwu, 2005). It grows as a medium sized tree, up to 14 metres high and is highly
valued in west and central Africa for its extensive use in herbal medicine and as a
food source (Okwu, 2005). The plant produces reddish, yellowish or orange coloured
fruits, each producing 2 to 4 sour tasting brownish seeds (Figure 1-1), which when
chewed, have a bitter taste, hence the name “bitter kola” nut (Okwu, 2005). The fruit,
seeds, nuts and bark of the plant are used in traditional medicine for the prevention
of colic pains and headaches (Ayensu, 1978), relieving chest cold and cough (Iwu,

1993) and as an antidote for venomous stings and bites (Aluka, 1985).



Figure 1-1: Garcinia kola nuts

In search of natural compounds with pharmacological benefits, ethanolic extract
from the Garcinia kola nut, commonly referred to as kolaviron, has shown great
potential for use in therapeutic medicine against many health threatening chronic
diseases of the liver, reproductive system and diabetes. Adegbehingbe and co-
workers (2008) demonstrated that Garcinia kola seed shows a significant anti-
inflammatory effect in knee osteoarthritis patients. Furthermore, Olaleye and
colleagues (2000) showed that kolaviron exhibits strong anti-inflammatory activities
when compared to acetyl salicylic acid drug. Thus, the aim of our study was to
determine the anti-inflammatory effects of dietary Garcinia kola nut against IRI in
isolated Wistar rat hearts. We hypothesized that dietary Garcinia kola
supplementation may offer myocardial protection against induced IRl through
modulation of myocardial inflammatory mediators and protein signaling.



1.1: Aims of the study
The aims of this study were to:

1. investigate the effect of dietary Garcinia kola supplementation on cardiac
functional recovery after ischaemia/reperfusion injury in an isolated rat
heart model

2. determine the effect of dietary Garcinia kola supplementation on cardiac
inflammatory cytokine/chemokine and protein expression before and after
induction of IRI

3. investigate the effect of dietary Garcinia kola supplementation on pro-
oxidative stress mediators before and after IRI

4. determine the effect of dietary Garcinia kola supplementation on NF-kB
PKB/Akt, p38 MAPK, Caspase 3 and PARP-1 protein signaling and/or
phosphorylation (Where applicable)

5. Investigate the effect of dietary Garcinia kola supplementation on in vivo
lymphocytic deoxyribose nucleic acid (DNA) damage using the alkaline

comet assay.



CHAPTER 2: LITERATURE REVIEW

2.1: Flavonoids in health

Research from the past three decades indicates that food supplements play an
important role in prevention of chronic diseases like cancer, diabetes, coronary heart
diseases, hypertension and hypercholesterolemia (Rao, 2003). Evidence shows that
nutritional supplements, especially those of plant origin, contain a wide range of non-
nutrient phytochemicals (Table 2-1), originally used by plants for their own disease
protection and for other biological functions (Rao, 2003). Current interest in the
possible health benefits of different flavonoids observed in both in vivo and in vitro
experimental models are increasing (Rice-Evans et al., 1996; Shen et al., 2007;
Prochazkova et al., 2011). These natural food products demonstrates different
biological properties such as anti-infammatory (Subarnas and Wagner, 2000;
Widlansky et al., 2005) and anti-carcinogenic benefits (Farombi and Owoeye, 2011).
Furthermore, these products have shown potential to alleviate induced oxidative
stress (Van Acker et al., 1995; Farombi et al., 2004a) through direct scavenging of
reactive oxygen species (ROS) (Farombi et al., 2002; Farombi, 2006; Santo et al.,
2010), activation of antioxidant enzymes (Nijveldt et al., 2001), chelating of metal
(Nwokocha et al., 2011) and reduction of oxidized a-tocopheryl radicals (Hirano et al.,
2001; Heim et al., 2002; Fujisawa et al., 2006).



Table 2-1: Disease preventing phytochemicals in plant foods

Food groups phytochemicals Useful in the prevention of
Whole cereal, grains Dietary fibre, tocopherols | Diabetes, CVD, hypercholesterolemia
Vegetables, fat a-linoleic acid, linoleic Cancer, diabetes, CVD,
acid, tocopherols, sterols | hypercholesterolemia
Palm oil Tocopherols, tocotrienols, | Cancer, heart diseases, atherosclerosis,
carotenoids cataract, pulmonary diseases, muscle injury
Yellow or green leafy Carotenes, ascorbic Cancer, heart diseases, atherosclerosis,
vegetables, yellow fruits | acid, dietary fibre,omega- | pectins cataract, pulmonary diseases,
3 fatty acids muscle injury
Rice bran oil Sterols, polyunsaturated Hypercholesterolemia, diabetes, CVD
fatty acids
Linseed oil Omega-3 fatty acid Hypercholesterolaemia, diabetes, CVD
Spices, fenugreek Plant gum, curcumin, Cancer, CVD, detoxification of drugs and
seeds, turmeric eugenol, capsicin toxins

(Adopted from: Rao, 2003)

Different flavonoids have demonstrated various beneficial health related roles,
triggering pro-cell survival response and/or inhibiting pro-cell death signaling
pathways following ischaemia-reperfusion injury (IRIl). Kim and co-workers (2009)
demonstrated that administration of daidzein, an isoflavone found in soya and
soyabeans reduce myocardial IRI in rat hearts by inhibiting the nuclear factor kappa
beta (NF-kB) transcription factor activation. Furthermore, epigallocatechin-3-gallate
(EGCG) is the most abundant catechin in green tea and has shown the ability to
inhibit cerebral (Park et al., 2009), renal (Jang et al., 2006) and cardiac (Townsend et

al., 2004; Kim et al., 2010) injury in animal ischaemia-reperfusion models.

Research has also shown that certain flavonoids modulate expression of
inflammatory mediators in lipopolysaccharide (LPS)-activated macrophages
(Comalada et al., 2006; Boots et al., 2008). Comalada and co-workers (2006)
demonstrated that quercetin and catechins inhibits expression of tumor necrosis
factor-alpha (TNF-a) and interleukin (IL)-18 coupled with enhancement of IL-10
release, in macrophage cells stimulated with LPS for 24 hours. In another study Lee
and colleagues (2009) showed that kaempferol, quercetin, fisetin, and chrysin inhibits

TNF-a induced IL-8 promoter activation and gene expression in human embryonic



kidney HEK 293 cells. Supporting these observations, Geraets and co-workers
(2009) showed that fisetin down regulates gene expression of TNF-a, IL-1f,
macrophage inflammatory protein (MIP) -1qa, IL-6 and MIP-2 in mouse model of LPS-
induced acute pulmonary inflammation. They observed that anti-inflammatory effects

of fisetin were pronounced when compared to flavone or tricetin.

It is widely accepted that myocardial IRI triggers sequential release of deleterious
mediators responsible for inducing tissue injury and subsequently leading to
endothelial dysfunction (Stenvinkel, 2001; Behrendt and Ganz, 2002; Vajdovich,
2008; Zhang, 2008). Evidence suggests that timely regulation of certain mediators
during IRI is essential for optimal tissue healing and recovery of the host cells. The
efficacy of several phytochemicals in attenuating disease progression has been
clearly established (Liu, 2003; Kennedy and Wightman, 2011), however, evidence
indicates that different phytochemicals have the ability to protect against chronic
inflammatory disease through targeting multiple signaling pathways (Gillespie
and Gavins, 2013). Furthermore, it has been demonstrated that their efficacy may be
attributed to several reasons, namely: optimal dose, absorption, type of antioxidants
available (Tribble, 1999; Salonen et al., 2003; Comalada et al., 2006) and their ability
to target specific redox reactions and different signaling pathways (Van Acker et al.,
1995; Rotelli et al., 2003; Bester et al., 2010; Pantsi et al.,, 2011; Katengua-
Thamahane et al.,, 2012). Hence, better understanding is required on the specific

properties and potency of individual phytochemicals.

2.2: Garcinia kola in health and disease

Therapeutic values of the Garcinia kola nut have been attributed to its high
content of phytochemicals, vitamins and minerals (Table 2-2) (Okwu, 2005;
Adegboye et al.,, 2008; Olajide and Adeniyi, 2011; Eleazu et al., 2012). The
antioxidant and anti-inflammatory potential of Garcinia kola may be linked to its high
flavonoid content of kolaviron (Adaramoye et al., 2005). It has been demonstrated
that kolaviron plays a significant role in free radical scavenging of superoxide anions
(05), singlet oxygen radicals (*O.), hydroxyl radicals (OH") and lipid-peroxy radicals

(LOO) in animal experimental models (Farombi et al., 2002; Farombi et al., 2004a)



and therefore potentially limiting the time span during which these radicals can exert

their deleterious effects in the tissue (Toth et al., 2003).

Table 2-2: Nutritional composition of Garcinia kola seed

Phytochemical | Vitamins Minerals

Flavonoids Thiamine(vitamin B,) Macro Elements:

Saponins Riboflavin (vitamin B,) Magnesium, Calcium, potassium, phosphorus, sodium.
Tannins Niacin (Nicotinic acid) Micro Elements:

Alkaloids Ascorbic acid (vitamin C) | iron, zinc, copper, manganese, cobalt, cadmium
Phenols

(Compiled from: Okwu, 2005)

Several investigations using kolaviron have shown its potential for use in chemo-
prevention and protection against many health threatening diseases of the liver
(Farombi et al., 2001; 2005), brain (Adaramoye, 2010), male reproductive system
(Adaramoye et al., 2012a; 2012b), lymphocytes (Farombi et al., 2004a), and in blood
(Adaramoye et al., 2005; Ajani et al., 2008). Recently, Olivier and co-workers (2013)
demonstrated that dietary kolaviron supplementation reduces cardiac infarct size and
improves myocardial functional recovery following ischaemia-reperfusion injury.
However, little is known concerning the mechanisms of dietary Garcinia kola

supplementation especially in the cardiac tissue.

The ability of kolaviron to inhibit Cyclooxygenase-2 (COX-2) and iNOS
expression through the down regulation of NF-kf3 and activator protein-1 (AP-1) DNA
binding activity has been suggested as a potential mechanism for the
hepatoprotection in Wistar rats (Farombi et al., 2009). This study revealed that
kolaviron abolishes the expression of COX-2 and iNOS proteins in rat liver treated
with highly toxic dimethylnitrosamine (Farombi et al., 2009). The majority of reports
suggest that kolaviron elicits its protective effect on the liver by acting as a
membrane stabilizer, hence preventing the distortion of cellular ionic environment
associated with xenobiotic treatment (Farombi, 2000; Farombi et al., 2004a; 2004b;
Madubunyi, 2010; Farombi and Owoeye, 2011). Farombi (2000) demonstrated that
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kolaviron significantly attenuates the toxic assaults imposed on hepatic enzymes by
carbon tetrachloride, and that it protects the rat liver against accumulation of toxic
lipid peroxidation products. They proposed that kolaviron protection against
carcinogen-induced hepatotoxicity and membrane damage may be through its in vivo
antioxidant potency. In another study, Farombi and co-workers (2001) demonstrated
that kolaviron supplementation attenuates hepatotoxic effects of Aflatoxin B1 in rats.
In the light of kolaviron efficacy to reduce some heavy metal accumulation in the
liver, Nwokocha and co-workers (2011) demonstrated that kolaviron protects the rat
liver against cadmium, mercury and lead poisoning. Beneficial effects of kolaviron
supplementation in these studies where attributed to its antioxidant signaling, metal
chelation and free radical scavenging (Farombi, 2000; Farombi et al., 2001; 2005;
Nwokocha et al., 2011).

In recent years there has been an increasing concern regarding the role of
chronic inflammatory conditions associated with male infertility caused by oxidative
stress (Aitken and Baker, 2004; Amaral et al., 2008; Badade and Samant, 2011,
Bansal and Bilaspuri, 2010). As such, research on natural products with the potential
to reduce oxidative stress is currently on the rise. Recent investigations indicate that
kolaviron ameliorate testicular toxicity caused by nevirapine (Adaramoye et al.,
2012a), gamma irradiation, (Adaramoye et al., 2012b) and di-n-butyl-phthalate
(Farombi et al., 2007) in Wistar rats. The protective effect of kolaviron in these
studies was linked to the increased activity of antioxidant enzymes and decreased
peroxidation of the lipid membrane. Adaramoye (2010) further demonstrated that
kolaviron protects the Wistar rat brain form gamma irradiation-induced oxidative
stress. In this study the protective effects observed was also associated with the

significantly improved antioxidant indices in kolaviron supplemented animals.

Research indicates that pharmacological benefit of kolaviron in streptozotocin
(STZ)-induced diabetic rats, including anti-hypercholestrolaemic (Adaramoye et al.,
2005), antioxidant activities and hypoglycaemic effects (Adaramoye and Adeyemi,
2006). Ajani and co-workers (2008) have demonstrated that administration of
amodiaquine and artesunate malaria drugs for prophylactic purposes increases the
risk of atherogenic and coronary diseases. In the same study, kolaviron though

reputed to be hepatoprotective, failed to reverse the symptoms of cardiotoxicity
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associated with these drugs, however, pre-treatment with kolaviron reversed the
increased organ weights observed in prophylactic treated animals (Ajani et al., 2008).
In another study, Farombi and Nwaokeafor (2005) demonstrated that kolaviron
attenuates oxidation of lipoprotein, possibly by mechanisms involving metal chelation
and anti-oxidant activity that may be of importance in prevention of atherosclerotic
plaque formation.

2.3: Ischaemic heart diseases

Ischaemic heart diseases (IHD) are a group of pathophysiological related
conditions characterised by reduced blood supply to the heart, usually caused by
narrowing or occlusion of a coronary artery (Mathers et al., 2004; Steyn, 2007). As
the only serving path for blood supply to the heart muscle, narrowing of the artery
lumen results in reduced blood supply to heart muscle. This may results in a
condition referred to as angina pectoris, which is characterised by sudden episodes
of chest pain. In advanced cases complete occlusion of the coronary artery may
result in myocardial infarction, a severe and life threatening form of IHD (Mathers et
al., 2004; Steyn, 2007). Research evidence suggest that IHD is characterised by
disruption in the normal endothelial function and active inflammation (Davignon and
Ganz, 2004; Zhang, 2008).

Endothelial dysfunction and inflammation have been linked with the pathogenesis
of CVD, leading to their role in IHD becoming an area of active investigation (Galle et
al., 2003; Hadi et al., 2005; Libby, 2006; Tousoulis et al., 2008). Inflammation is
characterised by the release of ROS such as O, while the endothelial cells release
NO to maintain vascular tone and homeostatic function (Stenvinkel, 2001; Behrendt
and Ganz, 2002; Zhang, 2008). The most significant mechanism associated with
vascular endothelial dysfunction involves the formation of the peroxynitrite (ONOQO)
radical from a reaction involving O, and NO. Therefore, this may lead to reduction of
NO bioavailability and an increase in vascular endothelial permeability, which in turn
promotes the adhesion of leukocytes and low density lipoprotein cholesterol (LDL-C)
adhesion to the endothelium (Behrendt and Ganz, 2002; Galle et al.,, 2003).
Furthermore, it has been shown that the release of inflammatory mediators facilitate

firm attachment of leucocytes and oxidised-LDL cholesterol to the injured
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endothelium, therefore contributing significantly to the process of atherosclerotic
plague formation (Libby et al., 2002; Mestas and Ley, 2008; Ridker and Silvertown,
2008; Libby et al., 2010).

2.3.1: Atherosclerosis

Atherosclerosis is a pathological condition underlying several ischaemic heart
diseases such as myocardial infarction, stroke and heart failure (Mathers et al., 2004,
Steyn, 2007). It is characterised by the formation of a plaque within artery walls,
initially presenting as a fatty streak in the inner-most layer of the arterial walls (Libby,
2006; Hansson and Libby, 2006). It has been demonstrated that myocardial cell
damage caused by IRI is accompanied by increased release of free radicals which
contribute to induced oxidative modification of LDL-C (Vogiatzi et al., 2009).
Following endothelial damage, inflammation is initiated, promoting migration of
immune cells such as the monocytes into the sub-endothelial space to facilitate
tissue repair and healing. However, upon interaction with oxidised-LDL-C these cells
are easily attached to the endothelium and transformed into “foam cells”, forming a
fatty streak in the intima (Lakshmi et al., 2009; Vogiatzi et al., 2009). The fatty streak
has demonstrated to be a pure inflammatory lesion, with accumulation of
polymophonuclear leukocytes and their activation playing a key role in atherosclerotic
plaque formation and rupture (Entman and Smith, 1994). Persistent inflammation is
associated with increased accumulation of macrophages and lymphocytes in the
area of the lesion, leading to increased secretion of cytokines and chemokines, which

in turn might perpetuate the inflammatory process (Spagnoli et al., 2007).

Atherosclerosis is a complex condition characterised by thickening, loss of
contractility and hardening of the arterial wall, resulting in cardiac complications
associated with decreased coronary flow (Katz, 2011). In addition, chronic
inflammation in the region of the atherosclerotic plague activates platelets and
promotes their adhesion to the injured endothelium, sealing the injured area with
fibrinogen and resulting in a fibrous cover referred to as an atheroma (Hansson and
Libby, 2006; Libby, 2006; Spagnoli et al., 2007). Active inflammation within the area
of the atheroma subsequently leads to the rupture of this plaque into small thrombi
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with the potential to occlude one or more major arteries and generally causing
ischaemia to the entire organs or tissues (Buja and Willerson, 1994; Mathers et al.,
2004).

2.3.2: Myocardial infarction

Occlusion of coronary arteries results in total or partial myocardial ischaemia. This
may lead to three characterized functional alterations of the myocardium depending
on the severity and duration of the ischaemic insult: 1) myocardial stunning defined
as an ischaemic insult resulting in a reversible contractile dysfunction 2) hibernation,
a chronic impairment of the myocardium secondary to chronic hypo-perfusion,
however the myocardium is still viable and 3) myocardial infarction, the most
detrimental result of myocardial ischaemia, also referred to as a true infarction
(Kloner et al., 1998; Eltzschig and Collard, 2004). Myocardial infarction (MI) occurs
when the heart muscle is deprived of oxygenated blood for a prolonged period. It is
characterised by decreased cellular oxidative phosphorylation and the onset of
adenosine tri-phosphate (ATP) depletion, resulting in irreversible myocardial cell
death (Eltzschig and Collard, 2004).

Damaged myocardial cells may initiate an inflammatory response or necrosis
leading to increased release of enzymes such as creatinine phosphokinase and
lactate dehydrogenase into the circulation, which in turn leads to the activation of
apoptotic signaling pathways (Hoffman et al., 2004). Furthermore, damaged cells are
replaced with scar tissue and not functional myocardial cells (Schwartz and
Kornowski, 2003; Krishna et al., 2011) therefore, Ml may lead to reduced cardiac
function and output characterized by impaired contractile (systolic) and relaxation
(diastolic) functions, athythmogenesis, decreased stroke volume and increased left
ventricular end diastolic volume (Hamosh and Cohn, 1971; Mulder et al., 2004).
Several compensatory mechanisms such as increased heart rate, force of
contraction (e.g. pulse pressure and aortic pressure) and the renin—angiotensin
system may be activated in an attempt to restore cardiac pumping function and

cardiac output. However, these mechanisms may increase oxygen demand and
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cardiac workload, hence, worsening the overall cardiovascular function and

prognosis (Mann, 1999; Young, 2010; Tavares et al., 2012).

2.4: Pathophysiology of ischaemia and reperfusion injury

Research indicates that myocardial tissue can tolerate a brief period of ischaemia
without resultant cell death (Verma et al., 2002; Eltzschig and Collard, 2004).
However, this will depend on the effects of the ischaemia on the cellular metabolic
and ultra-structural changes (Table 2-3). Different modalities of transient periods of
ischaemia-reperfusion are encountered in clinical situations such as coronary artery
by-pass, grafting and cardiac transplant (Verma et al., 2002). In such situations,
although necessary for survival of the myocardium, reperfusion itself is associated
with dramatic and deleterious changes mediated in part by oxidative stress and
inflammation, both contributing significantly to the endothelial cell damage (Verma et
al., 2002; Garcia-Dorado, 2004; Hoffman et al., 2004).

Table 2-3: Cellular effects of ischaemia

Cellular acidosis

Altered membrane potential

Altered ion distribution (increased intracellular ca* /Na" ratio)
Cellular swelling

Cytoskeletal disorganization

Increased hypoxanthine

Decreased adenosine-tri-phosphate (ATP)

Decreased phosphocreatine

Decreased glutathione

Stabilization and nuclear translocation of hypoxia-inducible factor 1 (HIF-1)
Increased leucocyte adhesion molecule expression

Increased nucleotide phosphohydrolysis (via CD39 and CD73) and adenosine signalling

(Reproduced from: Eltzschig and Collard, 2004)

15



2.4.1: Mitochondrial injury

There is general consensus on the role of mitochondrial injury in all forms of
cardiac cell death during ischaemia-reperfusion (Di Lisa et al., 1998; Di Lisa and
Bernandi, 2006; Machado et al., 2009). Evidence shows that ischaemic injury is
accompanied by a gradual increase in intracellular calcium ions (ca®*), mediating
mitochondrial damage through activation of the mitochondrial permeability transition
and oxidative stress (Weiss et al., 2003; Di Lisa and Bernandi, 2006).

Calcium overload induces dysfunction in mitochondrial bio-energetics (Duchen,
2004). It has been demonstrated that binding of free Ca®* to calmodulin activates
myosin light chain kinase (MLCK), which utilises ATP molecules and transfers
phosphate ions (pi) directly to myosin for activation (Kamm and Stull, 2001; Krueger
et al., 2001; Roux et al., 2012). The activated myosin forms cross-bridges with actin
filaments, in turn leading to contraction of the smooth muscles. For the relaxation to
occur, Ca®* must decrease to the extent that the Ca®* dissociates from the MLCK,
dephosphorylating the myosin and thereby “turning off” the contractile mechanism.
Baumgartner and co-workers (2009) demonstrated that elevated Ca®* in the
mitochondria is a crucial factor in determining whether cells activate apoptotic
mechanisms during oxidative stress. Ischaemia is characterized by decreased
synthesis and increased hydrolysis of ATP resulting in prolonged opening of the
mitochondrial permeability pores (mPTP) (Di Lisa and Bernandi, 2006). This altered
mPTP, favours impairment of the ionic homeostasis, especially for Ca**, leading to
increased calcium sequestration in the mitochondria. Increased mitochondrial Ca** is
associated with detrimental effects in cardiac function, including excessive activation
of myofilament, initiation of arrhythmias, transient mechanical dysfunctions,

microvascular injury, as well as myocardial stunning during reperfusion (Bolli, 1990).

Anaerobic metabolism characterised by inadequate oxygen supply leads to
increased intracellular acidity, build-up of phosphate, calcium overload and free
radical release, all contributing to increased mitochondrial injury upon reperfusion (Di
Lisa et al., 1998; Zorov et al., 2000). It is widely thought that cardiac functional
recovery and myocardial survival upon reperfusion ultimately depends on the
mitochondrial recovery, as such mechanistic links between cardio-protective

signaling and mitochondria toxicity is currently an area of active investigation.
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2.4.2: Inflammatory response

One of the major challenges following myocardial IRl is the regulation of the
inflammatory response, a well-established phenomenon in IRl and homeostasis.
Evidence indicates that the acute inflammatory response plays a profound role in
clearing of debris, wound healing and immune-regulation (Frangogiannis, 2008;
2012). 1t is currently well established that myocardial damage leads to the
recruitment of cells of the innate immune system (i.e. polymorphonuclear leukocytes
and macrophages/monocytes) to the site of injury (Zuidema and Zhang, 2010; Mann,
2011; Timmers et al., 2012). Activation of these cells mediates the release of other
inflammatory mediators and growth factors. This may in turn induce the recruitment
of more inflammatory cells, clearance of cellular debris, angiogenesis, and
proliferation of fibroblasts, eventually resulting in scar formation and wound healing
(Brunelli and Rovere-Querini, 2008) (Figure 2-1). The acute inflammatory response
has many beneficial effects in preserving cell function. However, prolonged
expression of pro-inflammatory mediators such as TNF-a, IL-18, IL-8, IL-6 and INOS
are implicated in the detrimental effects of IRl and in abnormal myocardial

remodelling (Frangogiannis et al., 2002; Nian et al., 2004).
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Figure 2-1: Schematic representation of the events occurring following acute (left) or chronic
(right) muscle injury. (Adapted from Brunelli and Rovere-Querini, 2008)
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Chronic inflammation exerts its deleterious effects mainly through sustained
activation of pro-inflammatory mediators and increased free radical release
associated with endothelial damage and antioxidant depletion. To regulate the
detrimental effects of the inflammatory response, another group of inflammatory
mediators are released. The anti-inflammatory cytokine/chemokine exhibits an
antagonistic role towards the pro-inflammatory cytokines/chemokines therefore, they
may play a significant role in regulating the progression of acute inflammation to
chronic inflammation (Hanada and Yoshimura, 2002; Santangelo et al., 2007). Anti-
inflammatory cytokines/chemokines [IL-4, IL-10, IL-13, IFN-a, and the transforming
growth factor (TGF-B)] can directly exert their inhibitory effects on the vascular cells
releasing pro-inflammatory mediators and may also modulate different signaling
pathways, as such regulating the inflammatory response (Lefer et al., 1990; Perrella
et al., 1996; Feghali and Wright, 1997; Hammer et al.,2005; Murray, 2006).

2.4.3: Free radical release

Free radicals are defined as molecules that contain one or more unpaired
electrons resulting in high affinity to react with other molecules through donating or
accepting an electron (Lobo et al., 2010). Evidence shows that O, have a high
affinity for NO, forming a more deleterious nitrosative free radical ONOO™ (Turan et
al., 2006). Upon interaction with macromolecules ONOO™ may trigger cellular
responses ranging from loss of enzyme function, altered membrane integrity, DNA
mutation, cell necrosis and/or apoptosis (Vinten-Johansen, 2000; Ferdinandy and
Schulz, 2001) (Figure 2-2). This may lead to endothelial damage and depressed
contractile function (Collard and Gelman, 2001; Leifeld et al., 2002). Furthermore,
ROS have been linked with activation of NF-kB transcription factor, indirectly
stimulating release of pro-inflammatory mediators and the activation of the MAPK
family proteins, hence perpetuating myocardial injury and necrosis (Ma et al., 2000;
Eltzschig and Collard, 2004).
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Figure 2-2: Role of nitric oxide and peroxynitrite in myocytes death (Modified from Pacher et
al., 2007)

2.5: Role of cytokines/chemokines in myocardial ischaemia and reperfusion

Induced systemic and local expression of inflammatory mediators is generally
associated with tissue response to injury. Herskowitz and co-workers (1995)
demonstrated that IRl induces local myocardial expression of mRNA for IL-IB, TNF-q,
IFN-y, IL-2, IL-6 and TGF-1B3. Furthermore, they observed an increase in IL-13 and
TNF-a proteins and macrophage infiltration during the healing of the ischaemic
myocardium using an immuno-staining technique. In another study, increased
myocardial expression of IL-6, TNF-a, IL-13, macrophage inflammatory protein-3aq,
cytokine-induced neutrophil chemo-attractant 2 and 3 was observed in the

myocardium of animals after 8 days of induced ischaemia (Moro et al.,, 2007).

However, expression of IL-4 and IL-10 remained unchanged in this study.

The role of different cytokines/chemokines during myocardial IRl remains
speculative. It has been suggested that an adaptive cellular response to myocardial

IRI activates the complement system which in turn activates inflammatory cytokines
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and leukocytes (Figure 2-3) (Sharma and Das, 1997). Several reports suggest that
at low dose, expression of pro-inflammatory cytokines such as IL-1, IL-6 and TNF-a
are important mediators during infarct healing and may induce the expression of
antioxidant enzymes such as SOD and may trigger the release of heat shock
proteins (Hsp) into the extracellular space (Kaur et al., 1989; Ono et al., 1992).
Extracellular Hsp such as Hsp27 and Hsp70 has demonstrated anti-inflammatory and
immuno-regulatory functions (Pockley, 2003; Luo et al., 2008). Luo and co-workers
(2008) demonstrated that Hsp70 may inhibit the activation of the MAPK family
proteins and nuclear translocation of the NF-kB transcription factor, thereby
regulating the production of pro-inflammatory mediators and tissue injury.

Using a rat model of myocardial infarction, Ono and co-workers (1998) compared
gene expression levels of IL-1B, IL-6 and TNF-a in the infarcted area, non-infarcted
area and in the myocardium of a sham operated group. They reported that cytokine
expression remained significantly high in the non-infarcted area compared to the
infarcted zone in the sham operated group. Furthermore, they demonstrated that, the
levels of the cytokines in the non-infarcted area correlated well with left ventricular
end diastolic diameter and collagen deposition, therefore suggesting a possible
involvement of these mediators in the survival process of the myocardium. In
addition, Moro and co-workers (2007) proposed that delayed expression of pro-
inflammatory cytokines may have contributed to the post-infarct myocardial
dysfunction. Furthermore, upregulation of MCP-1 in the infarcted area have been
associated with induced recruitment of mononuclear cells which produce the
cytokines and growth factors necessary for effective tissue repair and scar formation
(Dewald et al., 2005).

Activation of leukocytes are implicated in diminished barrier function of the
endothelial cells during IRI. Evidence suggests that these cells have the capacity to
induce the release of several mediators such as free radicals, cytokines/chemokines
and oxidases (Figure 2-3). High levels of IL-1B, TNF-a and IFN-y in the infarcted rat
myocardium have been found to induce INOS gene expression, hence increasing
release of NO (Pinsky et al., 1995). Available evidence suggests that activated
leukocytes may increase the release of several mediators during ischaemia-

reperfusion that may impair the function of the endothelial barrier, e.g. mast cells
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release IL-1, TNF-a and histamine; T-cell releases IL-12 and IFN-y; macrophages
release MIP-1a and IL-6 while neutrophils releases superoxide, hydrogen peroxide
radicals and elastase (Granger and Senchenkova, 2010; Rodrigues and Granger,
2010). High levels of these mediators have been linked to events leading to chronic
myocardial injury, activation of pro-apoptotic proteins and depletion of ATP with the
subsequent induction of apoptosis post-ischaemic injury (Finkel et al., 1992; Roumen
et al., 1993; Marra et al., 1998; Takeuchi et al., 2004).

Overall, these studies suggest that control of prompt and regulated expression of
pro-inflammatory cytokines/chemokines may be crucial in order to improve
myocardial survival post-ischaemia reperfusion injury. Induction of pro-inflammatory
cytokines coupled with increased release of anti-inflammatory cytokines such as IL-
10 has been associated with mild cardiac dysfunction during IRl (Holzheimer et al.,
1999). Furthermore, Yang and co-workers (2000) demonstrated that IL-10
expression inhibits excessive production of TNF-a and suppresses recruitment of

neutrophils to the injured area following IRI.
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v

Complement system activation

Leukocytes activation ! Induction of inflammatory cytokines:

> IL-18. IL-6. IL-1. IL-10

;

Freeradical and oxidative stress I

Induction of heat shock
proteins and antioxidants

Chronic injury Adaptive Response

Figure 2-3: A model of the role of cytokines/ chemokines in myocardial ischaemia and
reperfusion. (Modified from Sharma and Das, 1997)
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2.6: Inflammatory associated intracellular signalling in IRI

Inflammatory mediators may activate several signaling pathways associated with
modulating myocardial healing or death following IRI (Figure 2-4). The role of the
NF-kB transcription factor is well established in regulating expression of adhesion
molecules, inducible enzymes and cytokines involved in inflammatory response
(Baichwal and Baeuerle, 1997; Ghosh and Karin, 2002; Karin and Lin, 2002; Sethi et
al., 2008). Activation of other signaling pathways such as the Protein Kinase B
(PKB/AKkt) (Mockridge et al., 2000) and the p38 MAPK (Herlaar and Brown, 1999) are

also linked to the host outcomes following ischaemia and reperfusion.

Death receptor: pro-inflammatory
cytokines ( TNF-a, IL-1B)
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« Pro-apoptotic: Fas, FasL,DR5

* Pro-survival: BCL-xL, xIAP, IAP],A2
« Inflammation: TNF-a, iNOS, IL-8,IL-6

Figure 2-4: Death receptor mediated pathway signaling (Compiled from Katz, 2011)
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2.6.1: The NF-kB pathway

Studies using transgenic animal models showing defective NF-kB activation or
lacking any of the subunits, have demonstrated the importance of the NF-k(
transcription factor in innate immunity, adaptive immunity and inflammation (Sha et
al., 1995; Beg and Baltimore, 1996; Franzoso et al., 1998). Beg and Baltimore (1996)
demonstrated the potential role of NF-kB in inhibition of TNF-a induced apoptosis. To
date NF-kB is one of the major transcription factors linked to CVD and health,
regulating expression of over 400 genes coding for innate immunity, cell survival and
inflammatory response (Sethi et al., 2008). The wide variety of genes regulated by
this transcription factor includes those encoding for inflammatory mediators such as
cytokine (TNF-a, IL-6, IL10), chemokines (IL-8, monocyte chemotactic protein-1),
adhesion molecules (vascular cell adhesion molecule-1 (VCAM-1), intercellular
adhesion molecule-1 (ICAM-1)) and inducible effector enzymes (iINOS, COX-2)
(Ghosh and Karin, 2002). Additionally, activation of the NF-kB proteins induce
expression of several anti-apoptotic proteins such as cellular inhibitor of apoptosis-1
(c-IAP-1), c-IAP-2, B cell lymphoma-extra-large (Bcl-xl), and fatty acid synthase
ligand (FAS ligand) which are important in preventing TNF-a induced apoptosis
(Karin and Lin, 2002).

The family of NF-kB transcription factors comprises of five members: NF-kf3 p65
(RelA), RelB, c-Rel (Rel), NF-kp p50/105 and NF-kB p52/100 (Hayden and Ghosh,
2004). These proteins share a highly conserved region of approximately 300 amino
acids, which mediates DNA binding, dimerization and is responsible for the
interaction with the inhibitor kappa beta (IkB) factor. The interaction with the Ik
assists in retaining the NF- kB dimers in the cytoplasm in an inactive state (Ghosh
and Karin, 2002).

Two signaling pathways are implicated in the activation of the NF-kB: the
canonical (or classical) and the non-canonical (or alternative) pathway (Karin, 1999;
Karin and Delhase, 2000; Lawrence, 2009). The two pathways share a common
regulatory step of proteolytic degradation of the Ikp by the inhibitor kappa beta kinase
(IKK) complex (Karin, 1999). Proteosomal degradation of the IkB through
phosphorylation-induced activation of IKK complex results in activation of the NF-kf3

dimers with subsequent translocation to the nucleus to induce target gene expression
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(Karin, 1999; Maier et al., 2012). The IKK complex consists of two catalytic kinase
subunits (IKKa and IKKB) and the regulatory non-enzymatic scaffold protein NEMO
(IKKy) (Karin, 1999; Karin and Lin, 2002). The IKKB complex in conjunction with the
NEMO subunit regulates activation of the NF-kB dimers comprising of RelA, c-Rel,
RelB and p50 in the canonical pathway (Zandi et al., 1997; Karin, 1999; Lawrence,
2009; Maier et al., 2012) while the IKKa subunit is required for the instigation of the
non-canonical pathway through phosphorylation and processing of the pl00
precursor leading to activation of the p52/RelB dimers, independent of the IKKp and
NEMO subunits (Zandi et al., 1997; Lawrence, 2009).

2.6.2: PKB/Akt pathway

Activation of Akt has been demonstrated to promote cardiomyocytes survival
following myocardial injury through modulation of different proteins and transcription
factors (Chaanine and Hajjar, 2011). The B cell lymphoma-2 (Bcl-2) family proteins
include both pro-apoptotic molecules (BAD, BIM, BAX) and pro-survival molecules
(Bcl-xl, Bcl-w). Evidence shows that phosphorylation of Akt may promote cell
survival by inhibiting the binding to and inactivating of the pro-apoptotic Bcl-2 family
proteins thus promoting activation of the pro-survival Bcl-2 family proteins
(Gustafsson and Gottlieb, 2007). Furthermore, activation of the Akt has been linked
to transcriptional regulation of the cyclic adenosine monophosphate response
element binding (CREB), foxhead and the NF-kB transcription factors activity
(LoPiccolo et al., 2008; Papanicolaou et al., 2008; Hers et al., 2011) (Figure 2-5). It
has been shown that Akt phosphorylation may promote transcriptional expression
of pro-survival genes by activating the NF-kp and the CREB transcription factors
(Romashkova and Makarov, 1999). Additionally, it has been suggested that
activation of Akt may alter cellular localisation of the foxhead transcription factor,
promoting its cytoplasmic localisation and thereby decreasing transcription of pro-
apoptotic genes (Nicholson and Anderson, 2002) (Figure 2-5).
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PKB/Akt

Figure 2-5: Regulation of cell survival by PKB/Akt. (Adopted from Nicholson and Anderson,
2002)

2.6.3: P38 MAPK pathways

The p38 MAPK is a member of the MAPK family of proteins, which are activated
by a variety of environmental stressors and inflammatory cytokines (Cargnello and
Roux, 2011). In the heart they are implicated in regulation of cardiac gene
transcription, inflammation, myocytes hypertrophy, contractility, proliferation and
apoptosis (Bassi et al., 2008). Four isoforms of p38 MAPK has been identified, p38a,
p38B, p38y and p38d, of which p38a and p38pB are reported to be the most abundant
within the myocardium (Vassalli et al., 2012).

Activation of p38 MAPK by dual phosphorylation at threonine (Thr*2°

) and tyrosine
(Tyr'®) during myocardial ischaemia has been reported to cause lethal injury (Bassi
et al.,, 2008). However, the role of p38 MAPK activation during cardiac IRI is still
controversial, with reports suggesting that mechanisms of activation differ by

circumstances and yields either beneficial or detrimental results. Some researchers
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have shown that activation of p38 MAPK during IRI causes lethal injury (Barancik et
al., 2000) and inhibition slows the rate of myocardial cell death (Meldrum et al., 1998;
Barancik et al., 2000; Gysembergh et al., 2001).

Much of the evidence supporting protective effects of p38 MAPK activation
comes from studies in the phenomenon of ischaemic preconditioning (Weinbrenner
et al., 1997; Steenbergen, 2002; Bassi et al., 2008). The overall observation shows
that transient activation of p38 MAPK may offer myocardial protection during the
ischaemic period, however, prolonged activation of p38 MAPK during the reperfusion
time is detrimental to the injured myocardium. Furthermore, Mockridge and co-
workers (2000) reported that inhibition of p38 MAPK partially blocks activation of
PKB/AKkt, but, activation of p38 MAPK did not show any direct role in Akt activation. It
appears that p38 MAPK modulates certain components of the PKB/Akt pathway
indirectly, assisting in sustained Akt activation through mechanisms not yet known.

In an attempt to understand this dual effect of p38 MAPK, studies on the specific
isoforms demonstrate some important functional differences (Kaiser et al., 2004). The
p38B MAPK isoform in the heart is associated with hypertrophic and anti-oxidant
changes during IRl (Kim et al., 2006). Hence, its activation is associated with
increased cardiomyocytes survival and ROS suppression during induced stress.
However, activation of the p38a MAPK has been demonstrated to be pro-apoptotic
and is associated with detrimental effect in the myocardial cells (Saurin et al., 2000;
Steenbergen, 2002).

2.7: Role of antioxidant in oxidative stress
2.7.1: Endogenous antioxidants

One of the well-established regulatory mechanisms of IRI involves antioxidant
signaling mediators scavenging and neutralizing free radicals, converting these
highly reactive molecules into non-toxic water and oxygen molecules (Wendell, 1970;
Inal et al., 2001; Townsend et al., 2003; Masella et al., 2005). These mechanisms
comprise a series of enzymatic and non-enzymatic components acting cooperatively

to neutralize the free radicals. An example of enzymatic mechanism involves the
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clearance of highly toxic superoxide ions to a less toxic hydrogen peroxide (H.O-)
molecule in a reaction catalysed by superoxide dismutase (SOD) (Equation 1) (Inal
et al., 2001). A subsequent reaction catalysed by catalase or peroxidases (Equation
2), follows to convert the H,O, molecule produced to a non-toxic water and oxygen
molecules (Inal et al., 2001; Masella et al., 2005).

SOD

20; + 2H- — H,0, (Equation 1) Mates et al., 1999
Catalase/Gpx

2H,0, —— 2H,0 + 0, (Equation 2) Mates et al., 1999

Another antioxidant mechanism makes use of non-enzymatic antioxidant molecules
such as Glutathione (GSH), albumin, uric acid, bilirubin, ascorbic acid (Vitamin C),
and a-tocopherol (vitamin E) as electron donors (Masella et al., 2005; Lobo et al.,
2010). For example, glutathione exist intracellularly in a reduced state (GSH) serving
as a source of electrons in the antioxidant reactions (Townsend et al., 2003). In a
reaction catalysed by glutathione peroxidase (Gpx), GSH is oxidised to GSSG
molecule (Figure 2-6). The oxidised GSSG molecule is recycled back to GSH in a
reaction catalysed by glutathione reductase (GR) enzyme, utilising nicotinamide
adenine dinucleotide phosphate-oxidase (NADPH) from the pentose phosphate

pathway (Townsend et al., 2003).

Reduced Glutathione

Y
/\’ / \.‘

(GSSG)
Oxidized Glutathione

Figure 2-6: Mechanism of H,O, reduction by glutathione enzymes. (Modified from Wendell,

1970)
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2.7.2: Exogenous antioxidants

Dietary supplements form an integral part of the body’s antioxidant mechanism
affecting cellular redox reactions. It is well established that enzymes catalyzing redox
reactions require certain minerals acting as co-factors e.g. copper and zinc for SOD,
iron for catalase and selenium for Gpx (FAO/WHO, 2002; Shazia et al., 2012).
Evidence shows that dietary supplements rich in minerals and antioxidants potentially
enhance the activity of endogenous antioxidant reactions. A review by Nijveldt and
co-workers (2001) suggested that, in addition to enhancing the activity of
endogenous antioxidants reactions, flavonoids may directly facilitate scavenging of
free radicals through donation of a hydrogen atom to the attacking radical, thus

forming a flavonoid-o-free radical molecule which is more stable.

2.8: IRl and myocardial cell death pathways

Ischaemia and reperfusion injury may induce irreversible cell damage, triggering
intrinsic cellular suicide mechanisms to remove the damaged cells, a process
referred to as programmed cell death or apoptosis (Eefting et al., 2004; Singhal et al.,
2010). Reactive oxygen species and inflammatory mediators play a key role in
activation of the apoptotic cascade (Hoffman et al., 2004). It has been suggested that
inflammatory cytokines may activate caspase proteins directly through binding to
their specific death receptors (The extrinsic apoptotic induced pathway). ROS on the
other hand, may indirectly activate caspase proteins through increased oxidative
DNA damage resulting in activation of p53 protein, which in turn inhibits the release
of anti-apoptotic proteins while enhancing the release of pro-apoptotic proteins and
cytochrome C (cyto C) (intrinsic apoptotic induced pathway) (Figure 2-7) (Eefting et
al., 2004).
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Figure 2-7: Apoptotic pathways in cardiac myocyte. (Modified from Tait and Green, 2010)

2.8.1: Caspase activation

Caspases are cysteine proteases central to execution of apoptosis. They
comprise of two distinctive classes: the initiator caspase (e.g. caspase 2, 8, 9, 10)
and the executor caspase (e.g. caspase 3, 6, 7) (Zhang et al., 2003). Activation of
death receptors or increased release of apoptosomes may initiate auto-activation of
initiator caspases. The cleaved initiator caspase activates the effector caspase which
is responsible for the proteolytic cleavage of cellular targets leading to cell death
(Kurokawa and Kornbluth, 2009; Zhang et al., 2003). Caspase 3 is considered the
most important death executant, specifically activating endonuclease and caspase
activated DNAse (CAD) (Sakahira et al., 1998). The CAD is normally bound to its
inhibitor (ICAD), forming an inactive ICAD: CAD complex and promoting cell

proliferation. However, activation of caspase 3 by the initiator caspases leads to
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cleavage of the inhibitor hence releasing the CAD and promoting rapid DNA

fragmentation and apoptosis (Sakahira et al., 1998).

2.8.2: Extrinsic pathways

The extrinsic pathway is initiated through binding of death ligands and activation
of the death adaptors (TRADD, FADD) to recruit inactive pro-initiator caspases (Katz,
2011). The death inducing signal caspase (DISC) auto-activates and yields active
initiator caspase 8 and 10, with subsequent activation of effector caspase 3, 6 and 7
(Katz, 2011). This pathway is generally activated by pro-inflammatory mediators of
the TNF-superfamily or the IL-1 superfamily (Figure 2-7).

2.8.3: Intrinsic pathway

Mitochondrial DNA damage activates tumor suppressor p53 protein in two
phases. Zhang and co-workers (2011) demonstrated that p53 phosphorylation at
serine 15 and 20 induces DNA repair while further phosphorylation at serine 46
triggers mitochondrial release of cytochrome C, Smac/DIABLO, Endonuclease G and

other apoptogens (Figure 2-7).

Myocardial cells naturally demonstrate attenuated levels of pro-apoptotic
mediators such as apoptotic peptidase activating factor-1 (Apaf-1) and increased
expression of inhibitor apoptosis protein (IAP) (Chiong et al., 2011). These cells have
controlled mechanisms regulating the intrinsic apoptotic pathway through expression
of various members of the Bcl-2 family (Chiong et al., 2011). Up-regulation of IAP
and c-IAP1/2 in cardiac myocytes directly blocks activation of executioner caspases
and indirectly blocks their activation through binding the apoptosomes, allowing the
injured cell an attempt at DNA repair before caspase is activated (Crow et al., 2004).
However, increased formation of apoptosomes may auto-activate caspase 9, the
upstream activator of executioner caspase proteins, which in turn activates the

apoptotic cascade.
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2.9: Flavonoids and DNA damage

Controversy exists on the dual nature of dietary supplements possessing both
antioxidant and pro-oxidant characteristics, with polyphenolic supplements taking the
centre stage (Halliwell, 2008; Bouayed and Bohn, 2010; Babich et al., 2011). Studies
suggest that dietary antioxidants functioning by donating an electron or hydrogen
molecule to reduce a free radical may become a pro-oxidant (Krinsky, 1992; Lobo et
al., 2010). It has been shown that Vitamin C donates a hydrogen atom to a free

radical molecule such as hydrogen peroxide while becoming an ascorbate radical
itself (Erdem et al., 1994). In case of polyphenols Decker (1997) have demonstrated

that these molecules can rapidly release complex mixtures of semi-quinones and

quinones, all of which are potentially cytotoxic upon interaction with free radicals.

Antioxidant defence mechanisms have proved to be complex and interlocking,
functioning to minimize the levels of ROS while allowing other physiological functions
of the ROS (Halliwell, 2008). Moller and co-workers (2004a) showed that vitamin C
supplementation decreases oxidative DNA damage in monocytes of smokers,
however, some researchers claim that consumption of increased amounts of
antioxidant vitamin and mineral supplements may induce in vivo oxidative stress in
supplemented groups (Omenn et al., 1996; Bianchini et al., 2000). These variations
between experiments make data equivocal and inconclusive. Most reports associate
the pro-oxidant effects of polyphenols to their interactions with the transient metal
ions and their functional roles, such as metal chelators and reducing characteristics
(Decker, 1997; Bohm et al., 1998; Bravo, 1998). However, several other researchers
centred their debate on the type, dose and matrix of these supplements as the
potential determining factors in the balance between beneficial and deleterious
effects (Moller and Loft, 2002; Moller et al., 2004b; Bouayed and Bohn, 2010; Babich
et al., 2011; Yordi et al., 2012). They argue that consumption of large amounts of
these products may not be considered safe until their in vivo potential for oxidative
stress is evaluated. The question on how much is too much still remains

unanswered.

Methods using DNA as the biological target molecule are generally used in
antioxidant experimental intervention studies investigating DNA damage caused by
polyphenols (Loft and Poulsen, 1999; 2000). The 7-hyroxy-8-oxo-2-deoxyguanosine
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(8-oxo-dg) technique utilizes several chromatographic techniques, including high
performance liquid chromatographic (HPLC) with electrochemical detection and
tandem, mass spectrometry, gas chromatography and thin layer chromatography
with 32P post-labeling and antibody based immunoassay (ESCODD, 2000; Moller and
Loft, 2007). There is some variation in the different assay results, partly because of
artificial generation of 8-oxo-dg, complicated protocols and high cost (ESCODD,
2000; Moller and Loft, 2007), complicating its routine use. In the second method
referred to as the comet assay, DNA strand breaks are detected, with the additional
option of enzyme digestion allowing detection of oxidatively modified nucleotides
bases (Speit and Hartmann, 2005; Moller and Loft, 2007). The method provides an

easy protocol and more affordable cost for routine use.

2.10: Detection of DNA damage using alkaline comet assay

The single cell gel electrophoresis (comet) assay is a simple, relatively fast and
cheap technigue that can be used to detect DNA damage in almost all mammalian
cell types (Bowden et al., 2003; Collins, 2004). An expert panel at the international
workshop of genotoxicity testing procedures held in Washington, DC (March 25-26,
1999), recommended the alkaline (pH >13) version of comet assay developed by
Singh and co-workers (1988) as the optimal version for identifying agents with
genotoxic activity (Moller, 2006). It was further recommended that the method be
validated scientifically at each laboratory to obtain valid and reproducible results
(Tice et al, 2000). Protocol validation involves, “scientific confirmation by
examination and provision of objective evidence that the particular requirements for a
specific intended use are fulfilled,” (ISO/IEC 17025: 2005E 5.4.5.1). The Alkaline
comet assay protocol for our laboratory was validated based on the, “NewGeneries
comet assay protocols and other useful information, version 2, September 2008 by

University of Oslo, Faculty of Medicine, Department of Nutrition, Norway.”
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2.10.1: Principle of alkaline comet assay

The cells of interest are isolated and embedded in a thin layer of low melting-point
agarose gel, with subsequent cell membranes lysed with high salt concentrated
solution at pH 10. The lysis step removes proteins and histones, leaving supercoiled
loops of DNA linked to the nuclear matrix (Collins, 2004). The embedded nuclear
matrix are then treated in alkaline solution (PH>13) to unwind and denature the DNA.
Application of electric current (electrophoresis, approximately 28V) to the gels pulls
the DNA loops towards the anode, forming a comet “tail” and “head” (Figure 2-8)
(Wong et al., 2005; Moller, 2006; Kumaravel et al., 2009). The extent of migration
depends on the number of single strand breaks. The migration is microscopically
visualized after gel staining using fluorescent dye such as ethidium bromide.
Quantification of the amount of DNA in the tail, relative to the head, is achieved by

using computerized software, such as the comet assay IV analysis software.

Head Tail

Figure 2-8: Comet cell

2.10.2: Evaluation of cell DNA damage

Visualisation of comet cells are made after gel staining with a fluorescent dye,
such as ethidium bromide and using a 40X magnification objective on a fluorescent
microscope. The microscope is usually linked to an image software used to

guantitate extent of DNA damage per cell. Tail parameters are usually computed to
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analyse the length plus the amount of DNA migrated from the head and the intensity
plus percentage of DNA in the tail. DNA-bound ethidium bromide absorbs green light
peak at approximately 530nm and emits orange light peak at approximately 610nm.
Quantification of the amount of DNA that migrated out of the nuclei is based on the
linear relationship between the DNA bound ethidium bromide and the intensity of
emitted light (Vilhar, 2004).

2.10.3: Comet image analysis and end-points data interpretation

Generally analysis of 50 to 100 cells per slide using at least two slides per animal
are recommended (Collins, 2004). Primarily tail DNA data, such as tail intensity
(pixels), tail length (um), tail extent moment (um) and % tail DNA migration are used
for the “ENDPOINT” analysis per animal (Bowden et al., 2003). One complication
with tail parameter analysis in the comet assay is the presence of zero values which
complicates statistical analysis. However, Collins (2004) have suggested that
untreated control cells should have a background level of approximately 10% talil

DNA migration, which will then alleviates statistical complications.

The “endpoint” analysis describes the individual observation per animal,
summarizing DNA damage at individual study subject level. This is followed by
computing an “ESTIMATE” analysis per study group for each parameter of interest.
The “Estimate” is the mean calculated for each particular “endpoint” parameter per
study group. Finally the “EFFECT” of treatment is established comparing the
“‘estimates” of different supplemented or experimental groups to the control group
(Moller, 2006).
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CHAPTER 3: MATERIALS AND METHODS

3.1: Animal care

Animals received humane care in accordance to South African Medical Research
Council and “Guide for the care and use of laboratory animals 8™ edition” (2011). The
rats were housed at Cape Peninsula University of Technology (CPUT), Bellville
Campus, in the experimental animal facility and the room temperature (RT) was set
at 25°C, with 12 hours artificial day and night cycle. All animals were allowed water

and rat chow ad libitium throughout the experimental period.

The ethical clearance of the study was granted by Health and Wellness Science
Research Ethics Committee at CPUT, Bellville (Ref: CPUT/HW-REC 2012/A03).

3.2: Dietary supplementation

Garcinia kola nuts for this study were supplied by Prof Farombi from the
University of Ibadan, Nigeria. Ripe seeds of Garcinia kola were air dried and
grounded into a uniform powder using an automated plant grinding machine and
stored in an air tight opaque bottle in a dry, dust free cupboard. 10g of Garcinia kola
powder was weighed and mixed with 100ml of corn oil in another opaque brown
glass bottle to have a final concentration of 200mg/ml. The daily Garcinia kola dose
was selected based on the average adult human receiving a minimum of
approximately 7g of the Garcinia kola nut daily.The Garcinia kola supplement was
prepared and used within 2 weeks and new supplement was prepared for the
remaining feeding period.

3.3: Experimental group

Forty male Wistar rats were randomly divided into two equal groups. The
experimental group was fed with 100mg/kg Garcinia kola in corn oil daily, while the
control group was fed with 2ml/kg of corn oil daily using the oral gavage method for 4
weeks (Figure 3-1).
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Figure 3-1: Study design and experimental model

3.4: Heart perfusion protocol

Principle: The working heart perfusion involves the use of two cannulas; one
placed in the aorta and the second in the left atrium (lgic, 1996). Prior to the initiation
of the working heart perfusion mode, the heart is stabilised in the Langendorff
perfusion mode. This involves retrograde perfusion of the heart at a constant flow
and hydrostatic pressure through the aorta. At this point the aortic valves are forced
shut and the perfusate is directed into the coronary ostia, thus perfusing the entire
ventricular mass of the heart and draining the right atrium through the coronary sinus
(Depre, 1998). Once the heart is stabilised in the Langendorff mode, the working
heart mode is switched on, allowing the perfusate to flow from the left atrium through
the pulmonary vein into the left ventricle, which then pumps the perfusate through the

aorta, mimicking blood flow in situ.
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3.4.1: Experimental perfusion protocol

Rats weighing between 250 and 380g were anaesthetized with intraperitoneal
injection of 2ml/kg sodium pentobarbital. Once the animal was confirmed to be
anesthetized, the heart was excised and immersed in in ice-cold Krebs-Henseleit
buffer (118.5 mM NacCl; 4.75 mM KCI; 1.2 mM MgCI 6 H,0; 1.36 mM CaCl,; 25.0
mM NaHCOs; 1.2 mM KH;POg4; 11.0 mM glucose) before it was transferred to the

perfusion apparatus.

The heart was mounted on the standard working heart perfusion apparatus and
housed in a thermo-controlled organ bath maintained at 37°C. The perfusion was
performed with Krebs-Henseleit buffer equilibrated with 95% O, and 5% CO, at 37°C.
Once the aorta was cannulated retrograded perfusion in Langendorff mode was
initiated. During this period excess tissue was removed from the heart and the left
atrium was cannulated. Following 10 minutes stabilization in the Langendorff mode,
the heart was switched to the working heart mode for 10 minutes. Hearts were then
subjected to 15 minutes of normothemic global ischaemia followed by reperfusion in
the Langendorff mode for 10 minutes and 15 minutes in the working heart mode
(Figure 3-1). The temperature of both the perfusate and the air surrounding the heart
was thermostatically controlled and checked at regular intervals to ensure that the
temperature was maintained at 37 °C irrespective of coronary flow. During ischaemia

temperature was maintained between 35.9 and 36.5°C.

Coronary flow (CF) (ml/minute), aortic output (AO) (ml/minute), heart rate (HR)
(beats/minute), systolic aortic pressure (SAP) (mmHg) and diastolic aortic pressure
(DAP) (mmHg) were measured at 5 minutes interval during the working heart
perfusion. Hearts were freeze clamped in liquid nitrogen for biochemical analysis
after 20 minutes (20min Baseline samples), 45 minutes (10 min reperfusion samples)

and 60 minutes (25 min reperfusion samples) perfusion (Figure 3-1).
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3.4.2: Myocardial functional recovery

Aortic output recovery (AOR) was calculated by dividing the AO after ischaemia by
AO before ischaemia and expressing these values as a percentage functional

recovery

AO at reperfusion(15 or 20 or 25min)
AO at baseline(20min)

e AOR% =

In addition to the HR and CF rate measured, pulse pressure (pp) (mmHg) and aortic
pressure (AP) (mmHg) were calculated to determine the cardiac efficiency and

contractile functional difference before and after induced ischaemia.

e Pulse pressure was estimated as the difference between SAP and DAP

PP = SAP — DAP Chemla et al., 2005

e Aortic pressure was estimated as the squire root of the product of SAP and DAP

AP =+/SAP X DAP Chemla et al., 2005

3.5: Western blot (immunoblotting) protocol

Principle: Western blotting is a standard technique whereby a complex protein
mixture is separated by fractionation in polyacrylamide gel according to their
molecular size. This is followed by electrophoretic transfer of the protein pattern to a
nitrocellulose sheet and detection with specific antibodies (Burnett, 1981). When
bound to membranes, proteins are readily accessible for immunological or
biochemical analyses, quantitative staining for easy visualisation and identification of
proteins of interest. Protein blotting involves four major phases: sample preparation
(3.5.1), electrophoresis (3.5.3), gel-membrane protein transfer (3.5.4) and

immunological protein detection (3.5.5).
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The antibodies typically recognize a small portion of the protein, called epitope,
which resides within 3D conformation structure. To enable access to this portion,
samples are denatured through pre-treatment with laemmli sample buffer and the
mixture placed in boiling water for 5 minutes (3.5.1). The buffer also contains a
detergent such as sodium dodecyl sulfate (SDS) which attaches and imparts a
negative charge on the proteins at a constant ratio, therefore giving every protein the
same charge-to-mass ratio (Kurien and Scofield, 2006) (3.5.3). The transfer step
involves moving the proteins from a gel and immobilizing them on a synthetic
membrane support (3.5.4). Following antigen immobilisation into a membrane, the
assay requires the use of protein specific antibodies (primary antibody) for antigen-
antibody complex formation, followed by antibody-Antibody complex formation, with a
secondary antibody labeled with a tag such as peroxidase or phosphatase. The
membrane is then exposed to a substrate that produces a visible signal, indicating
the presence of an antigen (3.5.5). Colorimetric detection systems are used to
provide quantitative results, where signal levels are measured by film/digital imager
and the intensity of the signal generated is proportional to the amount of antigen

present.

3.5.1: Sample preparation (Lysates)

One hundred mg of ground heart tissue was weighed in 500pl of ice cold radio-
Immuno precipitation assay (RIPA) buffer (150mM sodium chloride, 1.0% triton X-
100, 0.5% sodium deoxycholate, 0.1% SDS and 50mM Tris pH 8.0), containing 5l
protease inhibitor cocktail (Sigma Alrich), 2ul phosphatase inhibitor cocktail (Sigma
Alrich) and 2ul sodium othovanadate (Sigma Alrich). The tissue was homogenized
using tissue grinder at 700g, centrifuged at 4°C, for 10 minutes at 10 000 rpm, and
supernatant was collected and stored in -80 °C freezer till use till use in Bradford
protein concentration (3.5.2) and SDS-PAGE (3.5.3).
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3.5.2: Bradford protein concentration

Principle: Bradford protein concentration determination is based on the
observation that interactions of proteins with coomassie brilliant blue G250 cause a
colour change from brown to blue in proportion to the amount of proteins present in
the sample (Bradford, 1976). Protein quantification was made in comparison to assay
standard values, prepared as a serial dilution from a known concentration of bovine
serum albumin (BSA). Briefly, 5ul of serially diluted five point standard, blank and
heart tissue homogenates, were mixed with 250ul of coomassie brilliant blue G250
and allowed to stand in the dark for 10 minutes. This was followed by
spectrophotometric determination of optical density (OD) values of each sample at
630nm and protein standard curve plotted. Protein concentration in the heart tissue

homogenates were calculated from the standard curve using OD values obtained.

3.5.3: SDS-poly-acrylamide gel electrophoresis (SDS-PAGE)

Tissue lysate (from 3.5.1) was diluted in distilled water and laemmli buffer to
standardize the amount of protein loaded per sample for each protein of interest (see
Note 3). The samples were boiled for 10 minutes and allowed to cool prior to loading
of 15ul of sample and separated on SDS-PAGE. Gel concentration used was
dependent on the protein molecular weight mass of each protein of interest (8-12%
acrylamide concentration). Gels were electrophoresed in 10% SDS glycine buffer at
a constant voltage of 90V for 10 minutes and the voltage increased to 110V for the

rest of the experiment.

3.5.4: Protein Gel-Membrane Transfer

Following SDS-PAGE, the gel and polyvinylidene fluoride membrane (PVDF)
were sandwiched between sponge and filter paper, and clamped tightly together after
removing air bubbles that might be trapped between the gel and membrane. The
sandwich was then submerged in a cold transfer buffer (Tris 25mM, Glycine 192mM,
10% SDS, 10% methanol) to which an electrical field was applied at 300mA for 75

minutes. Transfer of proteins onto the PVDF membrane was checked using ponceau
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red. Visual observation of short red bands was regarded as a good transfer before
proceeding with the blocking step.

3.5.5: Immunological protein detection

The BCIP/NBT Phosphatase Substrate protein detection kit used in this study
detects proteins that have been immobilized on membranes following Western blot
transfer. The ready-to-use reagents are based on the hydrolysis of 5-bromo, 4-
chloro, 3-indolylphosphate (BCIP) and nitroblue tetrazolium (NBT) by alkaline

phosphatase, resulting in a strong purple reaction product (http://www.kpl.com:

catalog/productdetail).

Upon satisfactory transfer, the membrane was washed with Tris-buffed saline
(TBS)-tween and incubated with 5% BSA or fat free milk in TBS-tween for 90 minutes
depending on manufacturer's recommendations and optimization results for each
protein of interest. The blocked membranes were then incubated in primary rat
monoclonal antibodies against inducible nitric oxide synthase (iINOS), total p38
mitogen-activated protein kinases (MAPK), phospho-p38 (Thrl80/Tyr1l82) MAPK,
P38a MAPK, Nitro-tyrosine, uncleaved and cleaved poly (ADP) ribose polymerase
(PARP-1), cyclooxygenase-2, caspase-3, cleaved caspase-3 (Aspl75), protein
kinase B/Akt (Total-Akt), phospho-Akt (ser473), nuclear factor-kappa beta 65,
inhibitor kappa beta kinase IKKa, IKKB, phospho-IKKa (ser176)/3(ser177) and [3-
Actin antibodies. The primary antibodies were diluted in 5% fat free milk or BSA and
membranes incubated at 4°C for 20 hours, with constant shaking. Antibody dilution
factor was used as per manufacturer's recommendation. The membranes were then
washed in TBS-tween three times at room temperature (RT=22-25°C) prior to
incubation with alkaline phosphatase labeled anti-goat IgG antibody diluted in 5%
TBS-tween fat free milk. The membranes were incubated for 2 hours at RT with
agitation. This was followed by three times washing with TBS-tween, followed by
addition of a BCIP/NBT Phosphatase substrate for 10 minutes.To stop the enzymatic
reaction the membranes were submerged in distilled water after a timed and

standardized substrate reaction (Note 3).
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Visualization: The membranes were air dried in a dark and dust free place for 24
hours before scanned into a computer and densitometrically analyzed (UN-SCAN-

ITru).

Note 1: Pre-stained molecular weight marker was loaded with each run to
determine the protein size of interest, and B-Actin antibody (cell signaling) was run
during the experiment to control sample loading. All blots were normalized to the

positive control.

Note 2: Normal control and lipopolysaccharide (LPS) treated rat liver and kidney
samples (obtained from previous studies performed in our laboratory), were used
during optimization and included with each run as a positive control sample. Different

control samples were selected depending on the antigen of interest.

Note 3: Prior to experimental analysis, optimization for each protein of interest
was done to set a standard protein amount loaded, specific blocking solution, and

incubation time.

Note 4: All antibodies were purchased from Cell Signaling Technology, except for
INOS, which was purchased from Abcam, and other chemicals were obtained from
Bio-Rad and Sigma Aldrich.

Note 5: detection kit was purchased from KPL, Kirkegaard and Perry

Laboratories, Inc.

3.6: Bio-plex electrochemilunescent immunoassay

Principle: The Bio-plex pro™ assays are built around core elements of the
XMAP technology allowing quantification of multiple protein biomarkers in a single
well. A multiplex electrochemilunescent immunoassay technology was used for
simultaneous quantification of different cytokines and chemokines on the surface of
fluorescent-dyed magnetic beads. Beads with distinctive colour coding are covalently
coupled with specific antibodies, enabling combination of analytes to be assayed

within a single well reaction (http://www.bio-rad.com: Bio-Rad protocols). After

analytes from the sample are captured in the beads by different specific antibodies, a

biotinylated antibody is introduced, creating a sandwich complex. The final detectable
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complex is formed with addition of streptavidin-phycoerythrin conjugate.
Phycoerythrin serves as a fluorescent reporter. The complex is then passed through
two lasers. The first laser excites the internal dyes and the second laser excites the
phycoerythrin (PE) on the reporter molecule. Finally the high speed digital signal
processor identifies each individual bead colour and quantifies the fluorescent
reporter signal of PE (http://www.bio-rad.com: Bio-Rad protocols).

Sample preparation: See Western blot sample preparation 3.5.1

Protein concentration assay: See Western blot protein concentration assay 3.5.2

3.6.1: Bio-plex pro™ rat cytokine assay protocol

Procedure: Rat Cytokine/Chemokine kit consisting of 8-plex array (interleukin
(IL)-1B, IL-4, IL-6, IL-10, IL-18, interferon gamma, tumor necrosis factor-alpha and
monocyte chemotactic protein-1) antibody-immobilized magnetic beads (Bio-Rad)
were assayed using the MAGPIX® system (Reagent kit purchased from Bio-Rad,
South Africa). Reagent preparation and protocol for running this assay was based on
the manufacturer’s instructions. Nine point standard samples, inclusive of a blank

sample and experimental samples were run in duplicates per plate.

Briefly, 50ul of prepared magnetic beads were added in each well and pre-
washed twice with 100ul assay wash buffer using the automated washer. This was
followed by addition of 50ul of each sample, standard and blank to the pre-assigned
wells and incubated for one hour at room temperature in the dark, shaking at 300
rpm. This was followed by a washing step and addition of 25ul of detection antibody.
After 30 minutes incubation, unbound detection antibody was washed off, followed by
addition of 50ul streptavidin-PE and incubation for 10 minutes. A final washing step
was performed and followed by re-suspension of the beads in 100ul assay buffer,
shaken for 30 seconds at 1100 rpm and analyzed using the MAGPIX® xPONENT
software.

Note 6: All incubations were performed at RT (22-25°C) and shaking at 300RPM with the

plate covered with paper foil to create a dark environment.
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Note 7: The washing step was performed with an automated washer, programmed with 3

cycles of washing with 100pul assay wash buffer.

Standard concentration values and beads region were pre-assigned in the
MAGPIX® xPONENT software and a standard curve for each cytokine/chemokine
was plotted allowing determination of cytokine/chemokine concentration in each
sample in pico-grams cytokine per milliliter (pg/ml) sample volume in each well. The
cytokine/chemokine concentrations obtained for each sample were normalized to the
total protein concentration of each sample, hence, expressing cytokine/chemokine

concentrations in pg cytokine/ ug total protein.

3.7: Alkaline comet assay

Overview: Single cell gel electrophoresis, commonly known as comet assay,
provides a simple and effective way of evaluating DNA damage in single cells. The
assay is based on the ability of the negatively charged fragments of DNA to migrate
through an agarose gel in response to electric field (Kumaravel et al., 2009). The
damaged DNA fragments migrate easily out of the nucleoid, forming a “comet’
shape, whereas undamaged DNA migrates slower and remains confined within the
nucleoid when a current is applied. Evaluation of the comet tail shape and the
migration patterns allow for assessment of the level of DNA damage. Two types of
comet assays have been reported: neutral comet assay typically used to detect
double stranded breaks, and the alkaline comet assay, which is more sensitive and is
used to detect smaller amounts of damage including single and double stranded
breaks. Blood samples used in this study were collected from the abdominal aorta
using needle and syringe into blood collection tube with ethylenediaminetetraacetate

(EDTA) anti-coagulant. Samples were processed on the same day of collection.
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3.7.1: Validation procedure

Coordination of the validation protocol for continual improvement was archived
through use of the Plan-DO-Check-Act (PDCA) cycle model (Moen and Norman,
2006). This is a four step process (Figure 3-2) which we followed for the coordination

of continual improvement efforts of our alkaline comet assay protocol draft.

r
+ Evaluate protocol step - compilation of reagents
wise in relation to the and assay protocols
results obtained
*note problem statement

and their potential route
cause.

* Adjust protocols and re-
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* pilot: Implement and test
the protocols: small scale,
1 sample used per run,
with 10 slides prepared per
run.

eanalyse and review
results, with
documentation of
lessons learned.

J

Figure 3-2: Protocol continual improvement using PDCA cycle.

The Alkaline comet assay protocol used here was adopted and modified slightly
from NewGeneries comet assay protocols and other useful information, version 2,
September 2008 by university of Oslo, Faculty of medicine, Department of Nutrition,

Norway.

Note: All Reagents used in the Alkaline Comet assay were purchased from
Sigma-Aldrich (3.7.2).

3.7.2: Alkaline comet assay protocol (Adopted)

Slide preparation: Microscope slides were pre-coated with 1% agarose gel

dissolved in double distilled water (ddH,O). The slides were first wiped with 70%
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ethanol, allowed to air dry and dipped into normal melting point agarose gel covering
at least two thirds of the slide. The bottom part of the slide was wiped with a tissue to
remove excess gel and placed on a clean dust free area to dry overnight (>16 hours).

The slides were labeled to identify the gel coated side and stored till required.

Lymphocyte preparation: 30ul of the blood sample was suspended in 1ml of ice
cold PBS and incubated on ice for 30 minutes. Using a pipette, 100ul histopaque
1077 (Sigma-Aldrich) was added at the bottom of the sample mixture and centrifuged
at 200 x g for 3 min (4°C). Lymphocytes were then retrieved by collecting 100ul from
just above boundary between PBS and Histopaque using a pipette. This was re-
suspended in 1 ml ice cold PBS mixed and re-spun (200 g, 3 min, 4°C). PBS was
removed and the lymphocyte pellet was re-suspended in 100ul ice cold PBS. The

lymphocyte preparation was kept on ice at all times.

Embedding cells in LMP agarose: 1% Low melting point (LMP) agarose gel
was prepared in PBS and dissolved using a microwave. The LMP gel was kept in
liquid form by storing it in a 37 °C water bath. Prepared lymphocytes were re-
suspended by tapping the tube with the finger, followed by addition of 140pl of 1%
LMP agarose and gently mixed by sucking up and down with a pipette. The mixture
was then transferred as two roughly equal drops to the 1% normal agarose gel pre-
coated slide, and covered with an 18x18 mm coverslip immediately. The slides were
then left at 4 °C in a fridge for 5 min to solidify.

Lysis step: Following removal of the cover slips, the slides were incubated in a
lysis buffer containing: 2.5M NaCl, 0.1M EDTA and 10 mM Tris at pH 10 (1%Triton X-
and 10%DMSO solution were added to the lysis buffer immediately before use).

Lysis was carried out for 1hour 30 minutes at 4 °C.

Alkaline treatment and electrophoresis: Slides were removed from the lysis
buffer, placed in the electrophoresis tank and covered with alkaline buffer containing
0.3 M NaOH and 0.001M EDTA at pH 13. The slides were left in a 4°C walk-in fridge
for 40 minutes. After incubation electrophoresis was carried out at the same

temperature at a constant voltage of 28V for 40 minutes.
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Neutralization: Slides were removed from the alkaline buffer and submerged in
PBS, followed by distilled water for 10 minutes each. They were then air dried at

room temperature and stored for analysis.

Staining: Comets were visualized by staining the gels with ethidium bromide and
viewed on a fluorescence microscope. First 100 comets per slides were randomly
scored, measuring the fluorescence intensity over the different parts of the comet

using the computer based analysis comet assay IV version 4.3 software.

Data analysis and interpretation: Cells with tail DNA migration less than 10%
were excluded from analysis. Mean tail length, % tail DNA migration, tail moment and
tail intensity were computed for each sample (as end point analysis). This was
followed by an “ESTIMATE” analysis by computing the average endpoints from each
animal and finally determining the “EFFECT” of the supplement statistically
comparing the mean “ESTIMATE” value for supplemented group to the control group

mean values.
3.8: Statistical analysis

GraphPad™ PRISM version 5.0 and Microsoft excel 2010 were used for statistical
analysis. Graphs and values are presented as mean + standard error of mean
(S.E.M). Difference between the groups and time points were determined using two
tailed unpaired student’s t-test, with p-value <0.05 considered statistically significant.
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CHAPTER 4: RESULTS

4.1: Effects of dietary Garcinia kola supplementation on animal body weight

The weights of the rats after 4 weeks of supplementation were evenly distributed
between the two groups, with the rat weights in both the control and Garcinia kola
supplemented groups ranging between 250 and 380 grams at the point of sacrifice
(Figure 4-1). There was no significant difference in the mean weights between the

two groups.
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Figure 4-1. Box-whiskers showing distribution of rats weight in the different groups at point of

sacrifice, (=20 per group)

4.2: Effects of dietary Garcinia kola supplementation on functional parameters

There was no significant difference in aortic pressure (mmHg), pulse pressure
(mmHg), coronary flow (ml/min) and heart rate (BPM) between the two groups and

between the baseline and reperfusion time points (Table 4-1).
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Table 4-1: Functional parameters measured in perfused rat hearts at baseline and 25 minutes

reperfusion time point. (Data presented as mean + standard error of the mean (S.E.M), number

of rats (n) =6 per group)

Function parameters Groups Baseline zRirSér:#JSison
Control 100.70 £ 1.85 91.57+£1.73
Aortic pressure(mmHg)
Garcinia kola 118.67 £ 1.42 107.30 £ 3.21
Control 79.55 +£5.47 61.50 + 6.56
Pulse Pressure(mmHg)
Garcinia kola 82.91+2.42 72.04 +2.51
Control 18.18 + 1.09 1752 +1.24
Coronary flow (ml/min)
Garcinia kola 20.10 £ 1.40 16.80 = 1.65
Control 267.00 + 8.80 205.70 £ 24.81

Heart Rate (BPM)

Garcinia kola

261.6 0 +11.85

240.80 + 7.06

4.3: Effects of dietary Garcinia kola supplementation on Aortic output recovery

Percentage aortic output recovery (AOR) was higher in supplemented group

when compared to the control group at 15, 20 and 25 minutes reperfusion time point

with a significant difference observed at 20 minutes reperfusion (p=0.0366) and 25

minutes reperfusion (p=0.0324) (Figure 4-2).
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Figure 4-2: %AO0R in isolated rat hearts using working heart perfusion apparatus. Results are
expressed as %mean * S.E.M, n=6 per group. (&: p<0.05 control versus Garcinia kola

supplemented group)

4.4. Effects of dietary Garcinia kola supplementation on cardiac pro-

inflammatory cytokine/chemokine expression

Garcinia kola supplemented group showed a significantly low expression of pro-
inflammatory cytokines when compared to the control group at baseline: interleukin
(IL)-1B (8.89 = 0.56 versus 11.55 = 0.27, p=0.0056), tumor necrosis factor alpha
(TNF-a) (4.67 + 0.37 versus 7.47 = 0.560, p=0.0058), IL-6 (5.54 + 0.47 versus 8.47 *
0.64, p=0.0072) and IL-18 (8.90 £ 1.03 versus 13.48 + 0.82, p=0.0090) (Figure 4-3a,
b, c, d). However, there was no statistical difference between the two groups in the
expression of interferon gamma (IFN-y) and monocyte chemotactic protein-1 (MCP-

1) at baseline (Figure 4-3e, f).

Control rat hearts did not show significant change in the concentration of the
above mentioned cytokines/ chemokine after 10 minutes of reperfusion when
compared to the baseline expression level. Dietary Garcinia kola supplemented
group showed a significantly increased concentration of IL-1B (12.43 + 0.937 versus
8.89 + 0.56, p=0.0012) and IL-6 (8.90 + 0.63 versus 5.54 + 0.47, p=0.0021) at 10

minutes reperfusion when compared to the baseline expression levels. However,

50



there was no significant change observed in the other cytokines between baseline
and 10 minutes reperfusion in the supplemented group (Figure 4-3).

Comparing the baseline and the 25 minutes reperfusion time points, all 8
measured cytokines demonstrated a significant increase in the Garcinia kola

supplemented group while the control group only showed a significant increase in
expression of IL-13, IL-6 and MCP-1 (Table 4-2).
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Table 4-2: Pro-inflammatory cytokines expression: comparison of the baseline and 25 minutes reperfusion time points per group expression

levels. Results expressed as mean + S.E.M, *p< 0.05.

Cytokines Groups Baseline 25 minutes Reperfusion p-value
IL-18 Control 11.55+0.27 21.62+1.11 <0.0001*
Garcinia kola 8.89 +0.56 22.58 + 2.09 0.0002*
TNF-a Control 7.47 £ 0.60 7.25+0.47 0.7817
Garcinia kola 4.67 + 0.37 7.21 £0.47 0.0014*
IL-6 Control 8.47+0.64 1426 +1.14 0.0012*
Garcinia kola 5.54 + 0.47 14.18 £ 1.59 0.0008*
IL-18 Control 13.48 £ 0.82 12.01 £ 0.65 0.1954
Garcinia kola 8.90+1.03 1249+ 0.71 0.0217*
IFN-y Control 2.91 +0.09 3.21+0.15 0.1257
Garcinia kola 2.59+0.12 3.12 + 0.165 0.0256*
MCP-1 Control 2.96+£0.18 490 +0.40 0.0005*
Garcinia kola 2.47+0.17 5.18 + 0.47 0.0004*
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Figure 4-3: Effects of dietary Garcinia kola supplementation on: a) IL-1B, b) TNF-a, c) IL-6, d) IL-18, e) IFN-y and f) MCP-1 expression. Results are
expressed as mean + S.E.M, (n=6-8). &: p<0.05 control versus Garcinia kola supplemented group at same time point; #: p<0.05 baseline versus 10
minutes reperfusion for the same group; $: p<0.05 baseline versus 25 minutes reperfusion for the same group.
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4.5: Effects of dietary Garcinia kola supplementation on cardiac anti-

inflammatory cytokines expression

Expression of IL-10 and IL-4 were significantly lower in Garcinia kola
supplemented group when compared to the control group at baseline: IL-10 (12.18 +
0.94 versus 18.10 + 1.18, p=0.0049) and IL-4 (0.22 + 0.006 versus 0.262 + 0.007,
p=0.0031) (Figure 4-4).

Garcinia kola supplemented group showed a significant increase in expression of
IL-10 at 10 minute reperfusion (12.18 + 0.94 versus 18.18 = 0.936, p=0.016) and 25
minutes reperfusion (12.18 £ 0.94 versus 19.52 + 1.05, p=0.0003) when compared to
the baseline expression level (Figure 4-4a).There was no significant change in
expression of IL-4 at both reperfusion time points when compared to the baseline

expression level in Garcinia kola supplemented group (Figure 4-4b).

In the control group there was no significant change observed in IL-10 expression
at the two reperfusion time points when compared to baseline expression level
(Figure 4-4a). Furthermore, the control group showed a significantly decreased IL-4
expression at 10 minutes reperfusion (0.26 £ 0.01 versus 0.21 + 0.01, p=0.0032) and
25 minutes reperfusion (0.26 = 0.01 versus 0.23 + 0.01, p=0.043) when compared to
the baseline expression level (Figure 4-4b).
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Figure 4-4:. Effects of dietary Garcinia kola supplementation on IL-10 and IL-4 expression. Results are expressed as mean concentration (pg
cytokine/ug protein) £ S.E.M, (n=6-8). &: p<0.05 for control versus Garcinia kola supplemented group at same time point: #: p<0.05 for baseline

versus 10 minutes reperfusion results the same group: $: p<0.05 for baseline versus 25 minutes reperfusion results of the same group.
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4.6: Effects of dietary Garcinia kola supplementation on cardiac oxidative

stress mediator

There was no significant difference in expression of nitro-tyrosine before
ischaemia and at 25 minutes reperfusion between the control and supplemented
groups, however, at 10 minutes reperfusion a significantly low expression of nitro-
tyrosine was observed in the Garcinia kola supplemented group when compared to
the control group (28.86 = 1.25 versus 52.66 + 3.03, p=0.0002) (Figure 4-5).

Myocardial expression of nitro-tyrosine protein in the control group showed a
significant increase at 10 minutes reperfusion when compared to the baseline
expression level (35.59 = 1.25 versus 52.66 = 3.03, p=0.0020), while a significant
decrease was observed in the Garcinia kola supplemented group between the same
time points (28.86 = 1.25 versus 36.18 + 1.30, p=0.0023) (Figure 4-5).
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Figure 4-5: Effects of dietary Garcinia kola supplementation on cardiac nitro-tyrosine
expression using western blot technique. Results are expressed as mean + S.E.M, n=6 per
group. (&: p<0.05 control versus Garcinia kola supplemented group at same time point, #:
p<0.05 baseline versus 10 minutes reperfusion for the same group; $: p<0.05 baseline versus

25 minutes reperfusion results of the same group.
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4.7. Effects of dietary Garcinia kola supplementation on iNOS and COX-2

protein expression
4.7.1: Inducible nitric oxide synthase (iINOS) protein expression

There was no significant difference in INOS protein expression between the two
groups and across the time points (Figure 4-6).
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Figure 4-6: Effects of dietary Garcinia kola supplementation on iNOS using western blot.

Results are expressed as mean + S.E.M, n=6 per group.

4.7.2: Cyclooxygenase (COX)-2 protein expression

There were no detectable bands in our study samples for both the control and
Garcinia kola supplemented groups at all-time points (sampled membranes shown).

Figure 4-7 show Western blots pictures for COX-2 protein expression in, control and
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garciniakola supplemented rat hearts at 10 minutes reperfusion, rat kidney and
hearts treated with 1ug/ml LPS for 2 hours. The LPS kidney and heart lysate were
usedas in-house control to confirm that our method and COX-2 primary antibody are
working optimally.

B-Actin C10
C10

B-Actin GK10
GK 10

LPS (hearts)
LPS (kidney)

Figure 4-7: Western blot picture for COX-2 protein expression

4.8: Effects of dietary Garcinia kola supplementation on cardiac nuclear factor
kappa beta (NF-kB) protein expressions

4.8.1: NF-kB65 protein expression

Garcinia kola supplemented group showed a significantly high NF-kB65 protein
expression at baseline (60.42 + 1.14 versus 45.81 + 1.59, p<0.0001) and at 25
minutes reperfusion (49.14 + 1.79 versus 41.42 + 1.62, p=0.0066) when compared
to the control group (Figure 4-8). There was no significant difference at 10 minutes

reperfusion between the two groups.

Furthermore, when comparing the baseline expression level with reperfusion time
point expression levels, a significant decrease was observed in Garcinia kola
supplemented group at 10 minutes reperfusion (60.42 + 1.14 versus 50.20 + 1.69,
p=0.0008) and 25 minutes reperfusion (60.42 £ 1.14 versus 49.14 + 1.79, p=0.0002).
A significant increase was observed in the control group at 10 minutes reperfusion

when compared to the baseline time point (45.81 + 1.59 versus 55.47 = 2.11,
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p=0.0045). There was no significant difference between the baseline and 25 minutes

reperfusion expression levels in the control group (Figure 4-8).

Note: Sample 3 and 4 were excluded from analysis in the GK25 group due to bubble formation

during gel preparation Figure 4-8 blots picture.

Liver ELiver
: B — > CB B B G e e S— GKB
—— C10 J GK10
X v- — — C25 ) ‘“"‘ Sl GK25
Heart sample (control group) heart samples (Garcinia kola group)
100 - %

> I I

S : 1

s 80 #

< & - )

c b

[=]

7] 60 &

7] Y S

0 —~ ' '

a2

35S O Control

: L

£ 40 1 * @ Garcinia kola

S

o

8 20 -

.

¥

L

=z

0

20'Baseline 10'Reperfusion 25'Reperfusion
Biochemistry Time Points (minutes)

Figure 4-8: Effects of dietary Garcinia kola supplementation on NF-kB65 expression using
western blot. Results are expressed as mean + S.E.M, n=6 per group (&: p<0.05 control versus
Garcinia kola supplemented group at same time point, #: p<0.05 baseline versus 10 minutes
reperfusion for the same group; $: p<0.05 baseline versus 25 minutes reperfusion results of

the same group).

4.8.2: Inhibitor kappa beta kinase beta (IKKB) protein expression

IKKB protein expression was significantly decreased in the Garcinia kola
supplemented group at baseline (35.48 + 0.91 versus 42.68 £ 0.45, p=0.0002) and
10 minutes reperfusion (36.14 = 0.65 versus 4553 + 1.28, p=0.0002) when
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compared to the control group (Figure 4-9). However, there was no significant

difference between the two groups at 25 minutes reperfusion.

A significant decrease was observed in the control group at 25 minutes reperfusion
when compared to the baseline expression level (38.78 + 0.81 versus 42.68 + 0.45,
p<0.0001), while a significant increase was observed in the Garcinia kola
supplemented group between the same time points (35.48 £ 0.91 versus 38.78 +
0.81, p=0.0187) (Figure 4-9). No significant change was observed between baseline

and 10 minutes reperfusion in both groups.
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Figure 4-9: Effects of dietary Garcinia kola supplementation on IKKB expression using western
blot. Results are expressed as mean + S.E.M, n=6 per group. (&: p<0.05 control versus Garcinia
kola supplemented group at same time point, #: p<0.05 baseline versus 10 minutes reperfusion
for the same group; $: p<0.05 baseline versus 25 minutes reperfusion results of the same

group.
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4.8.3: Inhibitor kappa beta kinase alpha (IKKa) protein expression

The Garcinia kola supplemented group showed a significantly increased IKKa
expression at 25 minutes reperfusion when compared to the control group at the
same time point (95.54 = 1.50 versus 85.77 = 1.82, p=0.0011) (Figure 4-10).
However, there was no significant difference at baseline and 10 minutes reperfusion

between the two groups.

Comparing the expression levels in the control group at baseline and reperfusion,
there was a significant decrease in IKKa expression at 10 minutes (73.19 + 1.61
versus 64.17 + 1.11, p=0.0013) and a significant increase at 25 minutes (73.19 *
1.61 versus 85.77 + 1.82, p=0.0002) when compared to the baseline expression
level. However, the Garcinia kola supplemented group showed a significant increase
in IKKa protein expression at 25 minutes reperfusion when compared to the baseline
expression level of the same group (95.54 + 1.50 versus 69.94 + 1.24, p<0.0001)
(Figure 4-10).There was no significant difference between the baseline and 10

minutes reperfusion time points in the supplemented group.
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Figure 4-10: Effects of dietary Garcinia kola supplementation on IKKa expression using
western blot. Results are expressed as mean + S.E.M, n=6 per group. (&: p<0.05 control versus
Garcinia kola supplemented group at same time point, #: p<0.05 baseline versus 10 minutes
reperfusion for the same group; $: p<0.05 baseline versus 25 minutes reperfusion results of

the same group.

4.8.4: Phosphorylation of IKKa/B (Ser176/180)

No bands were detected for both the control and Garcinia kola supplemented
group for phospho-IKKa/B (Ser176/180) rabbit monoclonal antibody detecting IKKa
only when phosphorylated at Ser176/180, and IKKB only when phosphorylated at
Serl77/181(Figure 4-11).The membrane did not show any band between the 75 and
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100kDa marker, however, beta actin was used as a loading control. Rat kidney and
heart samples treated with 2ug/ml LPS for 2 hours were analysed, however, the

samples did not show any expression of phospho-IKKa/f also (membranes not

shown).
100kba —>
75kDa  ——> Control group
Beta actin
100kDa ——> .
75kDa ——> Garcinia kola
Beta actin

Figure 4-11: Western blots pictures of phospho-IKKa/IKKB protein expression

4.9: Effects of dietary Garcinia kola supplementation on protein kinase B/Akt

protein

The Garcinia kola supplemented group showed a significantly high ratio of
phosphorylated Akt to total Akt at 10 minutes reperfusion when compared to the
control group at the same time point (0.58 + 0.02 versus 0.49 + 0.02, p= 0.0028)
(Figure 4-12). However, there was no significant difference between the two groups

at baseline and 25 minutes reperfusion.

Furthermore, a significant increase was observed in the Garcinia kola
supplemented group at both 10 minutes reperfusion (0.50 + 0.03 versus 0.58 + 0.02,
p=0.0187) and 25 minutes reperfusion (0.50 + 0.03 versus 0.71 + 0.0251, p=0.0026)
when compared to baseline time point, while the control group only showed a
significant increase in phosphorylated Akt ratio at 25 minutes reperfused when
compared to the baseline ratio (0.71 + 0.0270 versus 0.50 + 0.01, p<0.0001) (Figure
4-12).
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Figure 4-12: Effects of dietary Garcinia kola supplementation on Akt phosphorylation using
western blot. Results are expressed as mean + S.E.M, n=6 per group. (&: p<0.05 control versus
Garcinia kola supplemented group at same time point, #: p<0.05 baseline versus 10 minutes
reperfusion for the same group; $: p<0.05 baseline versus 25 minutes reperfusion results of

the same group.

66



4.10: Effects of dietary Garcinia kola supplementation on p38 mitogen

activated protein kinase (MAPK) proteins
4.10.1: Total p38 MAPK protein expression

The Garcinia kola supplemented group showed a significantly increased
expression of total p38 MAPK at baseline (59.55 = 1.14 versus 55.80 + 0.78,
p=0.0243) and 25 minutes reperfusion (73.31 + 3.96 versus 51.17 = 0.94, p=0.0182)
when compared to the control group at the same time points. However, at 10 minutes
reperfusion control rat hearts showed a significantly increased expression of total p38
MAPK when compared to the Garcinia kola supplemented group (66.56 + 1.60
versus 60.58 £ 1.36, p=0.0006) (Figure 4-13a).

Control rat hearts showed a significant increase in total p38 MAPK expression at
10 minutes reperfusion (66.56 * 1.60 versus 55.80 = 0.78, p=0.0005) and a
significant decrease at 25 minutes reperfusion (51.17 + 0.94 versus 55.80 + 0.78,
p=0.0026) when compared to baseline time point (Figure 4-13a). There was no
significant change in total p38 MAPK expression between baseline and 10 minutes
reperfusion time point however, a significant increase was observed between the
baseline and 25 minutes expression (73.31 £ 3.96 versus 59.55 + 1.14, p=0.0099)
(Figure 4-13a).

4.10.2: Ratio of phosphorylated total p38 MAPK

The Garcinia kola supplemented rat hearts showed a significantly low ratio of
phosphorylated tototal p38 MAPK when compared to the control group at baseline
(0.62 = 0.01 versus 0.67 = 0.01; p=0.0175) and at 25 minutes reperfusion (0.72 *
0.05 versus 0.95 + 0.02; p=0.0016). However, a significantly high ratio was observed
in the supplemented group at 10 minutes reperfusion when compared to the control
group ratio (0.65 £ 0.01 versus 0.52 + 0.02, p=0.0020) (Figure 4-13b).

There was no significant difference in phospho- p38 MAPK ratio at reperfusion
time points when compared to baseline time point in supplemented group. However,
the control group showed a significantly decreased phospho-p38 MAPK ratio at 10
minutes reperfusion (0.52 + 0.02 versus 0.67 £ 0.01, p0.0009) and a significantly
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increased phospho-p38 MAPK ratio at 25 minutes reperfusion when compared to the
baseline time point (0.95 + 0.02 versus 0.67 = 0.01, p<0.0001) (Figure 4-13b).

4.10.3: Ratio of p38a MAPK isoform

The ratio of p38a MAPK was significantly lower in the supplemented group at
baseline (0.82 + 0.02 versus 0.93 + 0.02, p=0.0029) and 25 minutes reperfusion
(0.62 £ 0.05 versus 0.84 + 0.02, p=0.0043) when compared to the control group.
However, at 10 minutes reperfusion control rat hearts showed a significantly lower
ratio of p38a MAPK when compared to the Garcinia kola supplemented group (0.73 £
0.02 versus 0.85 + 0.02, p=0.0016) (Figure 4-13c).

There was no significant difference in p38a MAPK ratio between baseline and 10
minutes reperfusion in the supplemented group however a significant decrease in
p38a MAPK ratio was observed in the Garcinia kola supplemented group at 25
minutes reperfusion when compared to the baseline time point (0.62 + 0.05 versus
0.82 £ 0.02, p=0.0078). The control group showed a significant decrease in p38a
MAPK ratio at 10 minutes reperfusion (0.73 £ 0.02 versus 0.93 £ 0.02, p<0.0001) and
at 25 minutes reperfusion (0.84 £+ 0.02 versus 0.93 + 0.02, p=0.0150) (Figure 4-13c).
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Figure 4-13: Effects of dietary Garcinia kola supplementation on a) total p38 MAPK, b)ratio of phospho- p38 MAPK and c) ratio of p38a MAPK
expression using western blot. Results are expressed as mean + S.E.M, n= 6-8 per group per time point. (&: p<0.05 for control versus Garcinia kola
supplemented group at same time point, #: p<0.05 baseline versus 10 minutes reperfusion results the same group, $: p<0.05 baseline versus 25

minutes reperfusion results of the same group).
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4.11:. Effects of dietary Garcinia kola supplementation on poly (ADP) ribose
polymerase (PARP-1) protein expression

Uncleaved PARP-1 protein was significantly increased in the Garcinia kola
supplemented group when compared to the control group at 10 minutes reperfusion
(37.13 £ 1.02 versus 32.53 + 0.71; p=0.0049) and 25 minutes reperfusion (32.66 +
0.56 versus 30.05 £ 0.26; p=0.0017) however, there was no significant difference in
cleaved PARP-1 expression between the two groups at baseline and reperfusion
time points (Table 4-3).

Uncleaved PARP-1 showed a significant increase in the control group 32.53 +
0.71 versus 29.30 £ 0.43; p=0.0042) and in the Garcinia kola supplemented group
(37.13 = 1.02 versus 31.19 + 1.07; p=0.0025) at 10 minutes reperfusion when

compared to the baseline time point (Table 4-3).

Cleaved PARP-1 expression showed a significantly increase in the control group
at 10 minutes reperfusion (153.76 + 3.27 versus 114.22 + 2.77, p<0.0001) and at 25
minutes reperfusion (175.37 + 4.15 versus 114.22 + 2.77, p<0.0001) when compared
to the baseline expression level, respectively. Garcinia kola supplemented group also
demonstrated significant increase in cleaved PARP-1 at 10 minutes reperfusion
(183.34 + 2.88 versus 110.99 + 2.10, p<0.0001) and at 25 minutes reperfusion
(154.61 + 2.77 versus 110.99+ 2.10, p<0.0001) when compared to baseline

expression level, respectively (Table 4-3).
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Table 4-3: Effect of dietary Garcinia kola supplementation on PARP-1 protein expression
using western blot (Results are expressed as mean + S.E.M, n=6-8 per group)

Uncleaved PARP-1 Cleaved PARP-1
Time points Control Garcinia kola Control Garcinia kola
20’ Baseline 29.30+0.43"  31.19 +1.07 114.22 +2.77%%  110.99 + 2.10"*
10’ Reperfusion 32.53+0.71% 37.13+1.02 175.37 +4.15 183.34 +2.88
25" Reperfusion 30.05+0.26%  32.66 + 0.56 153.76 + 3.27 154.61 + 2.77

&: p<0.05 for control versus Garcinia kola supplemented group at same time point
#: p<0.05 for 20 minutes Bseline versus 10 minutes reperfusion results the same group
$: p<0.05 for 20 minutes Baseline versus 25 minutes reperfusion results of the same group

4.12: Effects of dietary Garcinia kola supplementation on Caspase-3

expression

The Garcinia kola supplemented group showed a significantly decreased cleaved
caspase-3 ratio at 10 minutes reperfusion when compared to the control group at the
same time point (0.32 £ 0.01 versus 0.38 £ 0.01; p<0.0027). Furthermore, there was
a significant decrease in cleaved caspase-3 at 10 minutes reperfusion when
compared to baseline ratio in the supplemented group (0.47 + 0.03 versus 0.32 *
0.01 p=0.0030) (Figure 4-14). No significant change was observed at 25 minutes

reperfusion and in the control group (Figure 4-14).
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Figure 4-14: Effects of dietary Garcinia kola supplementation on caspase-3 protein expression
using western blot. Results are expressed as mean = S.E.M, n=6 per group. (&: p<0.05 control
versus Garcinia kola supplemented group at same time point, # p<0.05 baseline versus 10

minutes reperfusion for the same group.
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4.13: Effects of dietary Garcinia kola supplementation on rat lymphocytes DNA

Figure 4-15 shows appearance of ethidium bromide stained lymphocytic cells

using fluorescence microscope.

Figure 4-15: photographs of comet cells

There was no significant difference in tail length, tail moment, tail intensity and % tail

DNA migration between the two groups (Figure 4-16).
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Figure 4-16: Effects of dietary Garcinia kola supplementation on Tail length, tail moment,
percentage intensity and percentage DNA migration on rat lymphocytes using alkaline comet

assay technique. Results are expressed as mean + S.E.M (n= 6 per group).
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CHAPTER 5: DISCUSSION

Inflammation and oxidative stress are well accepted to play a critical role in
cardiovascular diseases (CVD). Gradually more studies show that modulation of
signaling pathways during cardiac ischaemia-reperfusion injury (IRl) by
phytochemicals may play a significant role in prevention and alleviation of ischaemic
heart diseases (IHD). Therefore, the physiological role of different polyphenolic
antioxidants and their anti-inflammatory properties in IHD are currently being

pursued, with new interactions and benefits being recognized.

Our study follows on previous work with Red Palm Oil (RPO) and Rooibos
(Aspalathus linearis) herbal tea in our laboratory. Improved functional recovery,
reduced infarct size and myocardial tolerance against oxidative risk induced diet in
RPO supplemented group was associated with RPO rich oleic acid (42.7-43.9%),
beta-carotene and vitamin E (tocopherols and tocotrienols) content (Esterhuyse et
al., 2005; Esterhuyse et al., 2006; Bester et al., 2010; Katengua-Thamahane et al.,
2012). In another study the unique aspalathin flavonoid content of Rooibos tea was
associated with antioxidant signaling in isolated Wistar rat hearts (Pantsi et al.,
2011).

In the current study we aimed to determine the effects and mechanisms of cardio-
protection of dietary Garcinia kola supplementation using the isolated Wistar rat heart
model. For the first time we demonstrated the potential effects of dietary Garcinia
kola supplementation on the antioxidant and anti-inflammatory signaling pathways

during ischaemia and reperfusion in the Wistar rat heart model.

5.1: Effects of dietary Garcinia kola supplementation on cardiac functional

recovery

Body weight is well documented as a cardiovascular risk factor, with change in
body weight reported to affect cardiac contractility and heart rate (Karason et al.,
1999; McMillen et al., 2013). Our results did not show any statistical difference in
body weight between the two groups at point of sacrifice (Figure 4-1). Furthermore,

there was no statistical difference in cardiac contractile functional parameter (Table
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4-1) before and after induce IRl between the control and the supplemented group.
However, we did observe a significantly improved aortic output recovery in dietary
Garcinia kola supplemented group when compared to the control group after 25
minute reperfusion (Figure 4-2). Cardiac output is defined as the amount of blood the
heart pump per minute and it has been demonstrated to be dependent on several
factors including the heart rate, contractility and end systolic stress (Vincent, 2008).
Experimental and clinical observation reviewed by Singh (2003) provides convincing
evidence which implicates increased heart rate as a risk factor for ischaemic heart
diseases. These studies highlighted the importance of pharmacological agents that
improves cardiac output without increasing the heart rate and myocardial contractility.
Our results indicates that dietary Garcinia kola supplementation seem to offer cardiac
protection linked to improved functional recovery through mechanisms of acute
inflammatory response, antioxidant signaling and prompt activation of the PKB/Akt
protein (Figure 4-12) earlier into reperfusion when compared to the control group.

Similar to dietary Garcinia kola supplementation, several other researchers have
demonstrated that dietary antioxidant rich foods, including polyphenols improves
cardiac functional recovery in reperfused isolated rat hearts (Pataki et al., 2002;
Esterhuyse et al., 2005; Wang et al., 2009; Pantsi et al., 2010; Testai et al., 2013).
Sun and co-workers (2012) reported that luteolin improves cardiac functional
recovery after 30 minutes of ischaemia and 3 hours of reperfusion in diabetic rats.
The improved functional recovery was associated with up-regulation of anti-apoptotic
proteins, activating PI3K/Akt pathway, increased BAD protein phosphorylation and

decreased ratio of Bax to Bcl-2 protein.

5.2: Effects of dietary Garcinia kola supplementation on inflammatory

cytokines/chemokines before IRI

Our data shows that dietary Garcinia kola supplementation attenuates myocardial
expression of tumor necrosis factor alpha (TNF-a), interleukin (IL)-18, IL-6, IL-18, IL-
10 and IL-4 when compared to the control group expression levels before induced
ischaemia (Figure 4-3 and 4-4). The role of inflammatory mediators in atherogenesis
have been demonstrated in several experimental studies using genetically modified
laboratory animals (Mallat et al., 2001; Whitman et al., 2002; Elhage et al., 2003; Kirii
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et al., 2003; Branen et al., 2004; Ohta et al., 2005). Supporting our data, Kirii and co-
workers (2003) have demonstrated that mice lacking IL-1B (apoE-/-/IL-1 B -/-)
significantly decreases the size of atherosclerotic lesion formation by approximately
30% when compared to control apoE-/-/IL-1 B +/+ mice. In other studies a significant
decrease in atherosclerotic lesion formation was also observed in TNF-a, IL-18, IFN-
y gene deleted mice when compared to the wild type group (Whitman et al., 2002;
Elhage et al., 2003; Branen et al., 2004; Ohta et al., 2005). Mallat and co-workers
(2001) further demonstrated that inhibition of IL-18 may prevent fatty streak
development in the thoracic aorta of apoE knockout mice and may slows progression
of advanced atherosclerotic plaques in the aortic sinus. More importantly, they
demonstrates that transfection with the IL-18 binding protein plasmid induces

profound changes in plague composition with resultant stable plaque phenotype.

Garcinia kola supplementation was able to down regulate both the pro- (IL-18,
TNF-a, IL-6, IL-18) and anti-inflammatory (IL-10 and IL-4) cytokines at baseline
(Figure 4-3 and 4-4). This attenuation of cytokines/chemokines may be due to
alteration of homeostatic control by Garcinia kola. We propose that Garcinia kola
supplementation may offer cardiac protection (in part) through down regulation of
chronic expression of circulating inflammatory cytokines/chemokines, as such

potentially minimizing long term deleterious effects associated with these mediators.

5.3: Effects of dietary Garcinia kola supplementation on inflammatory

cytokine/chemokines after induced IRI

We observed that Garcinia kola supplemented rat hearts showed a significantly
increased expression of IL-18 and IL-6 at 10 minutes reperfusion when compared to
the baseline time point, while the control group only demonstrated a significant
change from baseline expression at 25 minutes reperfusion (Figure 4-3a and 4-3c).
The supplemented group showed a significant increase in TNF-a, IL-18, IFN-y and
MCP-1 in addition to IL-1B and IL-6 at 25 minutes reperfusion when compared to the

baseline time point (Figure 4-3).

In line with our observation, Gurantz and co-workers (2005) supports the concept

that early expression of IL-1f initiates the stimulus for Angiotensin 1l (Ang Il) type
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1 (AT,) receptor density, playing an important role in the post myocardial infarction.
Furthermore, they demonstrated that subsequent increase in TNF-a was associated
with sustained and high levels of AT, density, enhancing pro-fibrotic effects of Ang I
post-myocardial infarction (Gurantz et al., 1999; 2005). Rapid angiogenesis provide
blood supply to the remaining cardiomyocytes, as such facilitating infarct healing. IL-
6 and TNF-a are also implicated in promotion of pro-survival signaling pathway,
termed, the SAFE (survivor activating factor enhancement) pathway, which protects
against myocardial infarction (Lecour et al., 2002; Lecour, 2009a, b). In this pathway
cardio-protective effects of TNF-a were associated with dose level and type of
receptors activated. Furthermore, IL-6 and TNF-a activation are linked to the
protective effect of preconditioning, demonstrated by the reversed protective effect of

preconditioning in mice lacking either IL-6 or TNF-a (Lecour et al., 2002).

Though crucial, pro-inflammatory cytokines/chemokines can exert detrimental
effects to the myocardial cells if not regulated. It has been demonstrated that optimal
myocardium healing requires timely initiation and regulation of inflammation
response, mediating resolution of the inflammatory infiltrates. Importantly, expression
of pro-inflammatory cytokines/chemokines in dietary Garcinia kola supplemented rat
hearts in our study was accompanied by an increase in anti-inflammatory IL-10
(Figure 4-4a), while the control group showed a significant decrease in expression of
IL-4 (Figure 4-4b) and no change in IL-10 when compared to baseline time point
expression levels. It is widely accepted that optimal myocardial healing requires
timely resolution of inflammatory response, therefore, expression of anti-inflammatory
cytokines/chemokines may play a significant role in regulating the acute inflammatory
response and the extracellular matrix metabolism. Mechanisms utilized by IL-10 in
suppression and regulation of inflammatory response have been thoroughly
investigated in human and murine cells of myeloid origin in response to LPS
treatment (Berlato et al., 2002; Murray, 2006; Prele et al.,, 2007; Rossato et al.,
2007). In these studies it was demonstrated that anti-inflammatory effects of IL-10 is
mediated through signal transducers and activators of transcription-3 (STAT-3), a
downstream activator of IL-10 receptor. It has been suggested that IL-10 may be
responsible for several inflammatory repressor effects attributed to STAT-3
activation, tempering with the output of pro-inflammatory mediators and inhibiting

pro-inflammatory response from activated macrophages (Murray, 2006).
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Furthermore, Hammer and co-workers (2005) demonstrated that IL-10, or its
downstream mediators, may interfere with both NF-kB and p38 MAPK signaling
pathways. They showed that induced expression of dual-specificity phosphatases
(DUSP-1) in IL-10-treated macrophages was associated with inhibition of pro-
inflammatory cytokine production and down-regulation of p38 MAPK activation
(Hammer et al., 2005).

To this point the majority of research demonstrated the beneficial role of
flavonoids in chronic inflammation using LPS induced cell line (Literat et al., 2001,
Xagorari et al., 2001; Hougee et al., 2005; Comalada et al., 2006). For the first time
we have demonstrated the potential role of Garcinia kola in acute inflammatory

response during ischaemia and reperfusion in the isolated Wistar rat heart model.

5.4. Effects of dietary Garcinia kola supplementation on cardiac oxidative
stress mediator before and after IRI

Nitro-tyrosine is regarded as a marker of protein tyrosine nitration, associated with
post translational oxidative modification of nitric oxide (NO) and its products (Eiserich
et al., 1998). This marker has also been described as a hallmark of inflammatory
tissue damage, often associated with release of superoxide, nitric oxide and
myeloperoxidase (Guzik and Harrison 2006). It is widely accepted that measuring the
levels of nitro-tyrosine protein expression may serve as a marker of nitrosative and
oxidative stress. In the current study we observed that dietary Garcinia kola
supplemented rat hearts expressed reduced levels of nitro-tyrosine after 10 minutes
reperfusion when compared to the control group (Figure 4-5). Although antioxidant
mediated protection could have also played a significant role scavenging the
released free radicals, we associated the attenuated expression of nitro-tyrosine in
supplemented rat hearts with prompt inflammation response observed in this group.
It is important to note that the control group also showed attenuated levels of nitro-
tyrosine at 25 minutes reperfusion, the same time point that we observed an increase
in IL-1B and IL-6 expression when compared to baseline expression level (Figures 4-

3a and 4-3c).
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Ability of several flavonoids (quercetin, rutin, baicalein, baicalin, apigenin,
puerarin, (+)-catechin) to protect the rat heart from oxidative induced injury using
nitrite-glucose-glucose oxidase system in vitro, has been reported previously (Lu et
al., 2009). In these studies tyrosine protein nitration was initiated by applying nitrite
and glucose oxidase into the heart homogenate without exogenous hemoproteins.
The study reported the effectiveness of several flavonoids on protein nitration, with
apigenin reported as the most effective of them all, followed by quercetin, rutin,
baicalin and puerarin, and least of the group was baicalein and (+)-catechin. It was
reported that the protective effects of these flavonoids on protein nitration were
closely related to their antioxidant activities, whereas their protective effectiveness on

protein oxidation was almost proportional to their antioxidant activities.

5.5: Effects of dietary Garcinia kola supplementation on inducible enzymes

Cyclooxygenase (COX)-2 and inducible nitric oxide synthase (iINOS) enzymes are
implicated in mechanisms by which IRI-induced inflammation catalyse the rapid and
increased production of prostaglandin and NO molecules respectively (Kim et al.,
2005). Both molecules at high concentrations are associated with risks of pro-
atherosclerosis and further inflammation activation contributing to further tissue
damage. In our study we did not observe any significant difference in iINOS
expression between the two groups. We also didn’t observe a significant change
after reperfusion (Figure 4-6). We attempted to detect the expression of COX-2 using
Western blot method (Figure 4-7), however, our samples appeared to express COX-

2 levels below detectable limits for our method of choice.

Our results are in agreement with several other COX-2 expression profiles
previously described in other tissues including the heart (Shinmura et al., 2000),
kidney (Slimane et al.,, 2002) and skeletal muscle (Dupouy et al., 2006). In these
studies the levels of COX-2 mRNA was undetectable or faintly detectable, but protein
expression was not detectable. In addition, statistically detectable levels of COX-2
MRNA were only evident 6 to 10 hours post-IRI. Similar to COX-2 expression
mechanisms, Hangai and co-workers (1996) demonstrated that iINOS mMRNA

expression doesn’t show significant change immediately after IRI, however,
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expression rapidly increases after 6 hours reaching peak 12 hours after reperfusion

injury in rat retina.

5.6: Effects of dietary Garcinia kola supplementation on nuclear factor kappa

beta (NF-kB65) proteins expression

Major mechanisms underlying inflammatory response are thought to revolve
around control of the NF-kB transcription factor. Our results show that RelA (NF-
kB65) protein expression was significantly higher in supplemented rat hearts at
baseline and 25 minutes reperfusion when compared to the control group. No
significant difference was observed at 10 minutes reperfusion between the two
groups (Figure 4-8). Beg and Baltimore (1996) demonstrated that NF-kB65
transcription factor is important for lymphocytes response to TNF-a induced gene
expression. They showed that treatment of RelA transgenic (RelA+/+, RelA +/- and
RelA-/-) embryonic fibroblast and macrophages with TNF-a resulted in a significant
reduction in cell viability in RelA (-/-), followed by RelA (+/-), whereas RelA (+/+) cells
were unaffected. To validate this observation, reintroduction of RelA into RelA (-/-)
fibroblasts resulted in enhanced cell survival, demonstrating that the presence of
RelA is required for protection from TNF-a induced cell death. We also observed that
Garcinia kola supplemented rat hearts expressed lower levels of NF-kB65 at the two
reperfusion time points when compared to the baseline expression. This decrease
may be due to transcriptional activation and subsequent modification, hence we

recommend further investigation on NF-kB65 transcriptional activation.

Activation of the NF-k@ transcription factors by inhibitor kappa beta kinase (IKK)
subunits have demonstrated opposing, but complementary roles, controlling
inflammatory response and innate immunity (Lawrence et al., 2005). Recently
evidence indicates that IKKB protein represents a potential target for strategies
aiming at regulation of NF-k3 activation and expression of pro-inflammatory genes. In
our study we demonstrated that dietary Garcinia kola supplementation attenuated
expression of IKKB in isolated rat hearts when compared to control at baseline and
10 minutes of reperfusion (Figure 4-9). Further, expression did not change
significantly in the supplemented group after reperfusion when compared to the

baseline time point. To support our data Moss and co-workers (2007) demonstrated
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that inhibition of IKK[ provides both acute and delayed cardio-protection in C57BL/6
mice following acute IRI. In this study they showed that inhibition of IKK significantly
reduced left ventricular infarct size, preserved cardiac function and decreased NF-kf3

associated protein expression.

It has been demonstrated that IKKa respond to TNF-a stimuli and translocate to
the nucleus where it binds with creb binding protein (CBP) at ser1382 and ser1386 to
phosphorylate histone H3 at serl0 (Yamamoto et al., 2003), hence switching the
binding preference of CBP from p53 to NF-kB, thus enhancing expression of NF-k(3
mediated gene and suppressing p53-mediated gene expression (Huang et al., 2007).
Evidence supports that NF-kpB pathway promotes resistance to apoptosis (Beg and
Baltimore, 1996), whereas P53 pathway is associated with promotion of apoptosis
(Amaral et al., 2010). In addition, IKKa has been demonstrated to contribute in
control of inflammatory mediated gene transcription through phosphorylation of RelA
at ser536, as such facilitating the turnover of RelA and c-Rel in response to TNF-a
stimulation (Lawrence et al., 2005). Expression of IKKa was significantly higher in
supplemented rat hearts at 25 minutes reperfusion when compared to control group
at the same time point (Figure 4-10). Both groups showed a significant increase
between baseline time point and 25 minutes reperfusion time points.

Attempts to detect the expression of phosphorylated IKKa/p using Western blot
method (Figure 4-11) were unsuccessful. Detection of phosphorylated IKK subunits
is complicated by the expression time of the proteins following activation. Kupfer and
Scheinman (2002) used the kinetic assay to observe the kinetics of T-cell receptor
(TCR) mediated activation of IKK subunits in primary rat T-cells. The study
demonstrated that TCR litigation induces maximal IKK activity after 5 minutes of
stimulation and this activity rapidly diminishes to background levels. These data
suggest that IKK is closely linked to the rapid phosphorylation and
dephosphorylation.

5.7: Effects of dietary Garcinia kola supplementation on protein kinase B/Akt
signaling

Activation of Akt, a downstream effector of the phosphatidylinositol 3-kinase

(PI3K) pathway, is well known to promote cell survival following cellular injury (Fujio
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et al., 2000; Mockridge et al., 2000; Matsui et al., 2001). Our results show that dietary
Garcinia kola supplementation promptly increases Akt phosphorylation following IRI
when compared to the control group (Figure 4-12). It has been demonstrated that
activation of Akt at ser473 and Thr308 mediates activation and expression of several
cytosolic and nucleic proteins involved in regulation of cardiac growth, contractile
function and angiogenesis (Liao and Hung, 2010). In one study Katengua-
Thamahane and colleagues (2012) demonstrated that addition of A6730 inhibitor (Akt
phosphorylation inhibitor) to perfusate fluid, partially attenuates functional recovery in
control and RPO supplemented rat hearts during IRl when compared to rat groups
perfused in the absence of the inhibitor. Therefore, these results support that
increased activation of Akt may play a significant role in cardio- protection and

functional recovery during induced-IRI.

5.8: Effects of dietary Garcinia kola supplementation on p38 mitogen activated

protein kinase (MAPK) signaling

In cardiomyocytes the p38 MAPK is thought to be primarily activated in response
to both G-protein-coupled receptor activation and stress stimulation, therefore
increased phosphorylated p38 MAPK is associated with induced stress. Furthermore,
the p38a MAPK isoform in the heart have been linked to induced apoptosis, therefore
attenuated levels are associated with potential pro-survival mechanisms. To support
this observation Ma and co-workers (1999) have demonstrated that phosphorylation
of p38 MAPK plays a vital role in the signal transduction pathway mediating post-
ischaemic myocardial apoptosis and that inhibition of p38 MAPK activation
attenuates IRI. Additional evidence of the opposing effects of p38a and p383 MAPK
was demonstrated by Kim and co-workers (2006). They reported that inhibiting
activation of the alpha isoform significantly prevents cell death while dominant
negative p38B-MAPK significantly reverses the survival effects of myocytes following
injury. Other studies also support that attenuation of the alpha isoform limits

myocardial injury during reperfusion (Ren et al., 2005; Clark et al., 2007).

Our results show that the ratio of phosphorylated p38 MAPK and p38a MAPK
were attenuated significantly, in supplemented rat hearts at baseline and at 25

minutes reperfusion when compared to the control group (Figure 4-13b and c).
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Furthermore, the ratio of p38a MAPK only demonstrated a significant decrease
between baseline expression level and 25 minutes reperfusion level in the
supplemented group, with no significant difference observed between the baseline
and 10 minutes reperfusion of the same group. However, in the control group, ratio of
p38a MAPK significantly decreased at 10 minutes reperfusion and increased at 25
minutes reperfusion when compared to the baseline expression level (Figure 4-13c).
The change in the ratio of p38a MAPK showed a direct relation to the change in total
p38 MAPK expression in both groups. An increase in total p38 MAPK resulted in a
decrease in p38a MAPK in both groups, therefore this results suggest that the
increased p38 MAPK could have been mainly due to expression of the other isoforms
increasing levels of total p38 MAPK, hence resulting in a decreased ratio of the alpha
isoform (Figure 4-13a and 4-13c). Stimulation ofl eukocytes by pro-inflammatory
cytokines is known to result in the activation of the MAPK p38. Furtheremore, p38
MAPK has been demonstrated to play a central role in the regulation of a variety of
inflammatory responses such as expression of pro-inflammatory mediators, leukocyte
adhesion, migration and effector functions such as oxidative burst and degranulation
(Herlaar and Brown, 1999).We proposed that the observed increase in total p38
MAPK in the control group observed at 10 minutes reperfusion could have resulted

from the rat adaptive immune response to tissue injury.

While inhibition of p38 MAPK activation is widely thought to be cardio-protective,
several studies have reported beneficial effects of transient activation of the p38
MAPK during ischaemia in a mechanism termed ischaemia preconditioning (IPC)
(Maulik et al., 1996). Weinbrenner and co-workers (1997) demonstrated that
transient activation of the P38 MAPK correlates with myocardial survival in ischaemia
preconditioned rabbit hearts. To validate their observation, they showed that p38
MAPK inhibitor SB203580 completely abolishes the protective mechanism of IPC,
whereas anisomycin, a p38 MAPK activator, mimicked IPC protection in non-IPC
rabbit hearts. This data may support our observation at 10 minutes reperfusion
between the two groups. We argue that the sustained activated p38 MAPK in the
supplemented rat heart group between baseline and 10 reperfusion time points may
have contributed to the enhanced functional recovery, supported by the decreased —

cleaved caspase-3 ratio at 10 minutes reperfusion (Figure 4-14).
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In addition, Mockridge and colleagues (2000) reported that activation of p38
MAPK appears to be involved in maintaining Akt activation during injury. They
showed that blocking p38 MAPK activation using SB203580 inhibitor partially
inhibited Akt activation. This data supports that control and balancing of signaling
proteins may play a vital role in cardiomyocytes survival post IRI. We argue that
though ratio of phosphorylated p38 MAPK was significantly lower at 10 minutes
reperfusion in the control group. The sustained activation of p38 MAPK in the
supplemented rat hearts at 10 minutes reperfusion followed by a decrease observed
at 25 minutes reperfusion (Figure 4-13c), may contribute significantly to myocardial
protection, potentially using mechanisms similar to those of IPC and sustained Akt

activation upto the 25 minutes reperfusion time point.

5.9: Effects of dietary Garcinia kola supplementation on PARP-1 and caspase-3

proteins

In physiological conditions PARP-1 is well established as a nuclear chromatin-
bound DNA repair enzyme, catalysing transfer of ADP-ribose moieties from NAD" to
acceptor DNA binding proteins, however, under pathophysiological conditions such
as IRl and inflammation, increased PARP-1 activation is associated with increased
energy consumption, mitochondrial dysfunction and ultimately necrotic cell death
(Virag and Szabo, 2002; Toth-Zsamboki et al., 2006 ). Our data shows a significant
increase in PARP-1 expression (uncleaved) after reperfusion when compared to the
control group for both 10 and 25 minutes reperfusion (Table 4-3), however, cleaved
PARP-1 expression did not differ significantly between the two groups before and
after IRI (Table 4-3).

PARP-1 and caspase-3 activation are widely associated with apoptotic cell death
and increased infarct size after IRI (Condorelli et al., 2002). Our results show that
ratio of activated caspase-3 was significantly decreased in supplemented rat hearts
after 10 minutes reperfusion when compared to the control group (Figure 4-14).
Yaoita and colleagues (1998) demonstrated that inhibition of caspase activation

reduces myocardial reperfusion injury.
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5.10: Effects of dietary Garcinia kola supplementation on DNA damage to rat
lymphocytes

Evidence indicates that certain polyphenolic flavonoids generally considered as
antioxidants and anti-carcinogens, also possess pro-oxidant and pro-carcinogenic
properties, suggesting their possible dual role in mutagenesis and carcinogenesis
(Babich et al., 2011). It has been reported that quercetin and kaempferol induces
single strand DNA breaks in isolated liver nuclei (Sahu and Washington, 1991; Sahu
and Gray, 1994). Few studies have reported on the potential genotoxicity and
cytotoxicity of dietary flavonoids in in vivo experimental models. In this study we have
shown that supplementation with Garcinia kola did not induce significant changes in
the lymphocytes DNA tail parameters lymphocytes (Figure 4-15) after four weeks of
supplementation when compared to the control group. These results suggest that our
daily dose of dietary Garcinia kola supplementation did not induce in vivo lymphocytic
DNA damage.
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CHAPTER 6: CONCLUSION

In support of our results, several clinical studies have linked decreased
expression levels of inflammatory cytokines in plasma (Testa et al.,, 1996; Torre-
Amione et al., 1996; Tsutamoto et al., 1998) and myocardium (Devaux et al., 1997)
with reduced risks of atherosclerotic plaque formation and instability. Furthermore,
chronic expression of inflammatory mediators is emerging as one of the important
tools used in the prognosis of myocardial remodeling and heart failure (Testa et al.,
1996; Torre-Amione et al., 1996; Ono et al., 1998 Tsutamoto et al., 1998). Increased
circulating levels are associated with poor prognosis, influencing heart contractility by
inducing hypertrophy and promoting apoptosis/ fibrosis post-myocardial injury (Torre-
Amione et al., 1996; Tsutamoto et al., 2000; Li et al., 2006; Sun et al., 2012).

Our results demonstrated that Garcinia kola supplemented rat hearts promptly
respond to ischaemia and reperfusion injury through different mechanisms, involving
acute inflammatory response and decreased protein nitrosylation. Our observation of
improved cardiac functional recovery following ischaemia and reperfusion injury (IRI)
was associated with the anti-inflammatory and antioxidant potency of Garcinia kola.

We have shown for the first time that dietary Garcinia kola supplementation

modulates cardiac protein signaling before and after induced IRI.

In summary, we have shown that dietary Garcinia kola supplementation
improves cardiac functional recovery and may offer cardiac protection during
ischaemia and reperfusion injury through acute inflammation response, Akt and p38
MAPK pathways protein signaling. We propose that dietary Garcinia kola
supplementation offer cardiac protection during ischaemia and reperfusion through
prompt activation of the anti-apoptotic Akt protein and attenuated/delayed expression
of pro-apoptotic p38 MAPK proteins. Furthermore, our results show that dietary
Garcinia kola supplementation modulates expression of NF-kB pathway proteins,

hence we suggest that dietary Garcinia kola supplementation limit the release of free
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radicals and/or promptly scavenge the free radicals produced, limiting their time span

and deleterious effects in the myocardium.

6.1: Study Limitation and Recommendations

This study raised several interesting observations that may need further
investigations. We could only speculate to the level of protein expression in the NF-
kB pathways and the possible effects of Garcinia kola in atherosclerotic plaque
formation. We propose further investigation to elucidate on the effects of Garcinia
kola on transcriptional activation and also in the atherosclerotic experimental model.
The findings of this study also speculated on the mechanism of acute inflammation
and its potential regulation points. Further investigations are needed to validate our

speculations using chronic inflammatory models.
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