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ABSTRACT 

Metabolic syndrome (MetS) is a collection of metabolic risk factors associated 

with an increased risk of developing atherosclerosis. Reducing levels of modifiable 

atherogenic risk factors is an essential goal in the prevention of atherosclerosis. Since 

there is an established relationship between metabolic syndrome, oxidative stress, chronic 

inflammation and cardiovascular disease, the first study focused on demonstrating these 

links. Therefore, this research focuses on a sedentary population who work under 

conditions that predispose them to risk factors of metabolic syndrome and who are likely 

to develop atherosclerosis ultimately. Accordingly, a comprehensive evaluation of 

metabolic syndrome risk factors was conducted on 79 transport drivers. The clinical 

examination collected anthropometric data and blood biochemistry results. Daily step 

counts calculated by the Fitbit over seven days were also used to monitor their activity 

trends over time. Health assessments were conducted at the beginning of the study. The 

results showed that 68% (n = 51) of participants were recorded as having three or more 

risk factors which can contribute to MetS including obesity, hyperglycaemia, lipid profile 

abnormalities, blood pressure, hyperuricemia and markers of inflammation. This study 

also demonstrated that there are interconnections between oxidative stress and chronic 

inflammation with MetS components highlighting the role of oxidative stress and 

inflammation in metabolic syndrome and atherosclerosis. It could be suggested that the 

potential use of anthocyanins as antioxidants and with anti-inflammatory properties as an 

alternative approach for the prevention and management of atherosclerosis in MetS 

population. Initially, the use of an in vitro model of endothelial cells can offer valuable 

mechanistic insights into the development and progression of inflammatory conditions 

that provide an efficient platform for product screening before conducting a human 

intervention trial. 

Based on findings from the literature review, it is hypothesised that anthocyanin 

might exert protective effects on healthy human aortic endothelial cells against 

inflammation and oxidative stress in vitro. The second study aimed to examine and 

compare the abilities of healthy and diabetic human aortic endothelial cells to incorporate 

anthocyanins’ potential benefits against hydrogen peroxide (H2O2) as an oxidative 

stressor and lipopolysaccharide (LPS) to induce inflammation. Cultured Primary Human 

Aortic Endothelial Cells (HAEC) and Diseased-(type II diabetic) Aortic Endothelial Cells 

(D-HAEC) were exposed to oxidative stress by H2O2 (75 µM) and LPS (1µg/ml) and 
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were treated with the anthocyanin (AC, 50 µl/ml). The results showed that anthocyanins 

might be responsible for protecting that aortic endothelial cells against inflammatory 

insult. These findings may have important implications for preserving endothelial cell 

function and preventing the initiation of endothelial cell damage that leads to platelets 

activation and coagulation associated with endothelial dysfunction. 

Finally, based on the in vitro finding, the last chapter aimed to investigate the 

antithrombotic effects of same berry-derived anthocyanin supplements on biomarkers of 

atherosclerosis, platelet function, and the expression of pro-atherogenic genes in a 

population with metabolic syndrome. A total of 55 participants in two groups of Normal 

and MetS (age 25-75y) were given 320 mg anthocyanin supplements twice daily for four 

weeks in a clinical trial. The effects of berry-derived supplementation were examined on 

features of metabolic syndrome, including fasting blood glucose, lipid profile, 

inflammatory markers, oxidative stress marker (uric acid), platelet surface markers, and 

the expression of pro-atherogenic genes. The results showed that anthocyanin 

consumption for four weeks significantly decreased the average fasting blood glucose 

(FBG) level by 13.3 % in the MetS group. Similarly, significant reductions were observed 

in triglyceride (24.9%) and low-density lipoprotein (LDL) (33.1%) levels in the MetS 

group compared with the Normal group (P ≤ 0.05). Anthocyanin supplementation also 

caused a reduction (18%) in high sensitivity C-reactive protein (hs-CRP), an 

inflammatory biomarker, with no significant difference in the Normal group. There was 

a positive correlation between decreased hs-CRP values and the levels of LDL-C and 

FBG in the MetS group (P ≤ 0.05). Anthocyanin supplements also decreased ADP-

induced platelet activation configuration expressed as P-selectin by 40%. The data here 

revealed that anthocyanin intake showed an inhibitory effect on the gene expression of 

proinflammatory cytokines, including interleukin (IL)-1A, tumour necrosis factor-alpha 

(TNF-α) and interleukin (IL)-6, as well as endothelial cell adhesion molecule-1 (ECAM-

1) and cyclooxygenase (COX)-2, with stimulatory effects on the expression of superoxide 

dismutase (SOD) and Peroxisome proliferator-activated receptor gamma (PPRAG). 

Thus, these findings suggest that short-term consumption of anthocyanin supplements 

may have atheroprotective effects through the inhibition of chronic inflammation and 

platelet activation and improvement of MetS components. 
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1.0 Introduction  

The rate of cardiovascular disease (CVD) and its associated costs continue to rise. 

CVD is known as the leading cause of death in developed countries. It takes the lives of 

17.9 million people every year, causing 31% of all deaths worldwide (1). Atherosclerosis, 

the leading cause of CVD deaths is a chronic inflammatory condition. Metabolic 

syndrome (MetS) is a collection of pathological conditions associated with a metabolic, 

proinflammatory and prothrombotic state, which can increase the risk of atherogenic 

damage disorder (2). The presence of the MetS with clustering of atherogenic risk factors, 

including dyslipidaemia (3), elevated blood pressure (4), elevated blood glucose (5) and 

other problems, confers additional risk for atherosclerotic cardiovascular disease. 

Atherosclerosis is characterised by the accumulation of lipids and leukocytes in blood 

vessels, leading to the formation of plaques (6). Over time, the plaque hardens, causing 

narrowing of the arteries, which restricts the blood flow, and when the fatty plaque 

ruptures, a thrombus (blood clot) can form further blocking oxygen-rich blood flow to 

body organs (7, 8). In particular, the systemic inflammatory process associated with MetS 

has numerous detrimental effects, which promotes plaque formation, contributing to 

clinical events (9). Interactions between the innate immune system (white blood cells 

known as leukocytes) with lipid-derived products plays an essential role in the 

pathophysiology of atherosclerosis in metabolic syndrome (10). Individuals with MetS 

have an increased risk of developing atherosclerosis compared to non-affected individuals 

(11), and the risk of CVD increases when more components of metabolic syndrome are 

present (12). Accordingly, dietary options that specifically target MetS risk factors can 

be applied as preventive methods for the development of atherosclerosis.  

Metabolic syndrome is often characterized by oxidative stress (OS), a condition 

in which an imbalance results between the production and deactivation of reactive oxygen 

species (13). OS may act as a potential common link to describe the relationship between 

each component of metabolic syndrome and atherosclerosis (14). Both conditions 

increase serum levels of products derived from oxidative damage and pro-inflammatory 

biomarkers (15). Therefore, OS has been associated with all the individual components 

and with the onset of cardiovascular complications in people with MetS. A survey of the 

literature suggests that dietary supplements that are derived from fruit with potential 
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antioxidant properties and fewer adverse metabolic side effects may be considered as a 

intervention to reduce oxidative stress and ultimately to be used for the prevention of 

atherosclerosis. Phytochemicals such as flavonoids have been recognised as exerting anti-

inflammatory and antioxidant properties, with specific functions in preventing oxidative 

stress-induced injury (16, 17). Anthocyanins, as a subgroup of flavonoids, are effective 

antioxidants that can scavenge reactive oxygen and nitrogen species and modulate genes 

associated with metabolism, stress and immune defence (18, 19). Some of the related 

mechanisms and potential therapeutic targets are reviewed in this chapter. 
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1.1 Metabolic Syndrome 

 Metabolic syndrome (MetS) is a group of correlated metabolic risk factors for 

atherosclerosis. The MetS is characterised by a clustering of numerous atherosclerotic 

risk factors (20). However, it was initially believed that the major driving force for the 

development of MetS is insulin resistance (21). Later studies agree that central obesity is 

the critical determinant of the MetS (22). Therefore, the MetS has been defined as central 

adiposity plus two of the following risks factors: high fasting blood glucose, high blood 

pressure, elevated triglyceride levels and low, high-density lipoprotein cholesterol levels 

(HDL-C (23). MetS has been referred as to a systemic pre-disease state, in which 

inflammatory processes such as high CRP concentrations become the underlying 

mechanisms for the development of atherosclerosis (24). Thus, individuals with MetS 

have twice the risk of developing atherosclerosis and all-cause mortality over the next 5 

to 10 years, compared to those without MetS (25).  

The incidence of MetS is rapidly increasing worldwide. MetS is associated with 

endothelial dysfunction, a primary pathogenetic event in the metabolic syndrome and 

increased cardiovascular morbidity and mortality (26, 27). Individuals with MetS have a 

higher risk (2.6-fold) for coronary artery disease (28). MetS as a precursor of 

cardiovascular disease due to the presence of hypertension, dyslipidemia, impaired 

glucose and insulin metabolism, being overweight and increased abdominal fat 

distribution (29, 30). The complex clustering of factors defining MetS influences the 

vascular system, particularly the endothelium as the first layer in the circulatory system. 

There is evidence suggesting that each of the components of MetS can impair endothelial 

function (30). Endothelial cells cover the entire vascular system, from the heart to the 

capillaries and with unique functions that are vital to vascular biology (30).  
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1.2 Metabolic Syndrome Components 

Metabolic syndrome (MetS) is a multiplex of risk factors that correlate with 

metabolic abnormalities (31). MetS is described by a cluster of interconnected factors, 

including high blood pressure, obesity, high cholesterol and insulin resistance and 

lifestyle factors such as diet pattern and physical inactivity. These risk factors together 

increase the risk of stroke and heart disease (32, 33). Having three or more of these 

components would qualify a person as having MetS (34). 

A detailed understanding the components of MetS is crucial for the development 

of effective prevention strategies and adequate intervention tools to reduce its prevalence 

and limit its co-morbidities. Therefore, the next sections aim to describe the various MetS 

components and the criteria in current clinical practice, to identify people with the MetS, 

and when therapeutic strategies to reduce the long‐term risk of cardiovascular disease.  

 

1.2.1 Physical Inactivity 

Physical inactivity is a fundamental modifiable risk factor for MetS and a 

fundamental component in the etiology of atherosclerotic cardiovascular disease (35). 

This term is used to distinguish people who do not obtain the recommended level of 

regular physical activity. Sedentary behaviour has been defined as any waking behaviour 

with an energy expenditure < 1.5 METs (metabolic equivalent) a  or less than 150 minutes 

of moderate-intensity or 75 minutes vigorous activity per week (36), and involves a sitting 

or reclining position (37). Being inactive can increase the risk of cardiovascular disease 

(CVD) by 50% (38, 39). The World Health Organisation (WHO) reported that physical 

inactivity is estimated to be the primary cause of about 30% of isolated diastolic 

hypertension (IDH) burden and contributed to 9% (5.3 million) of premature deaths 

worldwide (40).  

 
a 1 MET is classified as the resting metabolic rate which is the amount of oxygen consumed at 
rest, in a calmly sitting position, approximately 3.5 ml 02/kg/min (1.2 kcal/min for a 70-kg 
person). As such, work at 2 METS requires twice the resting metabolism (41). 
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In contrast, regular physical activity helps prevent MetS risk factors, including 

obesity, dislipedemia, hypertension and the development of diabetes, by causing weight 

loss and improving insulin sensitivity (42). Exercise overcomes the negative impact of a 

sedentary lifestyle by upregulating the production of endothelium-dependent nitric oxide 

(NO) with an observed increase in arterial compliance (39). The American Heart 

Association recommends 30 minutes of walking (about 10,000 steps) five times per week 

or burning 150 kilocalories in moderate or vigorous activities to promote cardiovascular 

fitness (43, 44) 

Compared to previous generations, people are less active and spending increasing 

amounts of time in environments that not only limit physical activity but require 

prolonged sitting (45). Common sedentary behaviours can be non-occupational 

(optional), including the use of motorised transportation, watching television, reading or 

using screen-based entertainment (46), and/or occupational sedentary (compulsory) (47). 

Occupational sitting due to job demand is common among workers, and its exposure 

occurs across different industries and skill levels.  

Among sedentary occupations, transport drivers, including long haul truck and 

bus drivers, have challenging working conditions, with long working days usually 

beginning in the early hours of the morning, which leaves little opportunity for exercise 

(48). Consequently, this occupation has been a high prevalence of MetS and its 

complications, thought to be as a result of the working conditions (49). The lack of 

exercise (sedentary lifestyle) and healthy food choices such as fast food are also a 

recognised risk factor for developing atherosclerosis and is generally thought to be 

independent of its effects on body weight, blood pressure, or lipids (35). Evidence from 

observational studies recommends that prolonged time spent sedentary is associated with 

an increased risk of obesity (50, 51). Adipose tissue releases a considerable amount of 

bioactive mediators that influence body weight homeostasis, insulin resistance, in 

addition to alterations in lipids, blood pressure, coagulation, fibrinolysis and chronic 

inflammation, causing endothelial dysfunction and atherosclerosis (52) 
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1.2.2 Obesity 

Obesity can be quantified by a body mass index (BMI) marker, which is 

determined by weight (kilograms) divided by height squared (square meters) (kg/m2) (53) 

(Table 1). A better way to describe obesity would be in terms of per cent total body fat 

(54). Since the percentage of body fat measurement is rarely used due to inconvenience 

and cost, the best way to calculate approximately obesity in clinical practice is to 

determine waist circumference. An excess of abdominal fat is closely associated with 

metabolic syndrome risk (55). Waist hip ratio (WHR) is a proxy measure of central 

adiposity and is a superior measure of CVD risk compared to BMI (56) and WC (waist 

circumference) (57). A study showed that for each unit of BMI increment, there is an 8% 

increased risk of CVD (58),(59). In addition, for both genders, a 0.01 unit increase in 

WHR was associated with a 5% increased risk of CVD events (57). Therefore, these 

simple measures of abdominal obesity should be incorporated into CVD risk assessments.  

Obesity is a multifactorial chronic disease characterised by both fat deposition of 

new adipose cells and an expansion in the size of existing cells that endanger health (60). 

Obesity, as a state of chronic inflammation and can produce several cytokines and 

inflammatory markers that contribute to an increase of cardiometabolic risk diseases (61), 

including CVD, hypertension and dyslipidaemia particularly in MetS (62).  

In addition, obesity is invariably associated with insulin resistance. In most obese 

subjects, plasma free fatty acid (FFA) levels are increased, resulting in insulin resistance 

in both diabetic and nondiabetic individuals by producing several metabolic defects (63). 

This situation will cause an increase in blood glucose concentration and eventually to 

type 2 diabetes. 
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Table 1. Body Mass Index (BMI) classification 

 

 

 

 

 

 

 

 

 

 

 

Note: kg/m2: kilogram per meter squared. Sourced from reference (64). 

 

 

 

 

 

 

 

Classification BMI (kg/m2) 

Underweight < 18.50 

Normal range 18.50 – 24.99 

Overweight ≥ 25.00 

Pre-obese/at risk 25 - 29.99 

Obese ≥ 30.00 

Obese class I 30.00 – 34.99 

Obese class II 35.00 – 39.99 

Obese class III ≥ 40.00 
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1.2.3 Hyperglycemia 

Hyperglycaemia is known as one of the components of metabolic syndrome. It is 

described as a steady-state of higher than normal levels of plasma glucose after an 

overnight fast (Table 2) (65). The underlying pathophysiology represents an interaction 

between impaired pancreatic β-cell function and peripheral and hepatic insulin resistance, 

which leads to abnormal hepatic glucose production (66), (67). Individuals with MetS are 

at more considerable risk of developing T2DM (68). Due to the application of insulin or 

antihyperglycemic medications, diabetic patients rarely die from ketosis; instead, the 

direct cause of death for 75% of diabetic patients is from CVD (69). The risk for the 

development of CVD in diabetic patients is 2- to 4-fold higher than that of the general 

population (70).  

The development of hyperglycaemia compensates for the pancreatic ß-cell 

dysfunction. Chronic hyperglycaemia causes pancreatic ß-cell glucose toxicity at the 

level of insulin synthesis as well as insulin secretion (71, 72). The main target of 

hyperglycemia seems to be endothelial cells, resulting in thickening of the membrane 

beneath endothelial cells with fundamental structural change (73). While elevated glucose 

levels are responsible for the development of microangiopathy, the molecular 

mechanisms are not fully understood. Several mechanisms may account for these changes 

including formation of reactive oxygen species, the formation of advanced glycation end 

products (AGEs), activation of protein kinase C, defective insulin signalling, and 

overexpression of growth factors and inflammatory cytokines (74, 75).  

Although, hyperglycemia promotes auto-oxidation of glucose to form free radicals, 

the generation of free radicals are beyond the scavenging abilities of endogenous 

antioxidant defences resulting in macro- and microvascular dysfunction (76, 77). Dietary 

antioxidants are effective in reducing diabetic complications as a second line of treatment 

for increased production of free radicals or impaired antioxidant defences (78) indicating 

that it may be beneficial either by ingestion of natural antioxidants or through dietary 

supplementation (79). 
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In addition, the triglyceride-rich lipoproteins and its metabolites can be elevated in 

the fasting or postprandial state. Triglyceride rich lipoproteins enhance a pro-

inflammatory phenotype in endothelial cells and macrophages and produce apoptosis in 

endothelial cells (80) by increasing tumour necrosis factor α (TNF-α) expression in 

macrophages and increased expression of adhesion receptors resulting in increased 

adherence of monocytes and monocyte-derived macrophages to endothelial cells (81). 

 

 

Table 2. Diagnostic reference range of FBG & HbA1c 
 

  Normal Prediabetes Diabetes 

FBG,  < 5.5mmol/L 5.5 to 6.9 mmol/L ≥ 7.0 mmol/L 

2-hour post prandial < 7.8 mmol/L 7.8 to 11.0 mmol/L ≥ 11.1 mmol/L 

HbA1c < 5.7% 5.7% to 6.4% ≥ 6.5% 

 

Note: FBG, Fasting blood glucose; HbA1c, Haemoglobin A1c; mmol/L, millimoles per 

litre.  Sourced from reference (65). 
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1.2.4 Dyslipidemia  

Dyslipidaemia, the hallmark of the MetS, is characterised as elevated plasma 

concentrations of triglycerides (TG), low high-density lipoprotein cholesterol (HDL-C), 

and raised low-density lipoprotein cholesterol (LDL-C) (82). Dyslipidemia is generally 

established as an independent risk factor for atherosclerosis (83). Low plasma blood 

HDL-C levels and hypertriglyceridemia are independently and significantly related to 

myocardial infarction in patients with MetS (84). To establish the risk status for CVD, it 

is necessary to explore the standard lipid profile, including: 

I. HDL-C: HDL cholesterol has an inverse relationship with the risk of 

atherosclerosis and protects against CVD (85). It has been shown that each 0.03 

mmol/L increase in HDL-C blood level is associated with a 2-3% reduction in 

CVD risk (86). Recommended levels should be over 1mmol/L in men and over 

1.2 mmol/L in women (87). 

II. Triglyceride-rich lipoproteins (TG): Raised triglyceride concentrations are 

strongly associated with low concentrations of HDL (88). Triglyceride 

concentrations greater than 1mmol/L increase the risk of CVD by 32% in men and 

76% in women; independent of HDL-C levels (89). Recommended levels should 

be less than 1.7mmol/L (87). 

III. Total Cholesterol (TC): this is the sum of HDL, LDL and VLDL 

cholesterol in the blood. Recommended levels should be less than 5mmol/L (87).  

IV. Low-density lipoprotein (LDL-C): Raised LDL-plasma concentration is a 

major risk factor for atherosclerotic CVD (52). The measurement of LDL is time-

consuming and expensive. For this reason, LDL-cholesterol is most commonly 

estimated from quantitative measurements of total and HDL-cholesterol and 

plasma triglycerides (TG) using below Friedeward’s Equation where all 

concentrations are given in mmol/L (90). Recommended levels should be 

3mmol/L.   

[LDL- C] = [Total-C] - [HDL-C] – [VLDL-C] 

[VLDL-C] = [TG (mmol/ L] / 2.2 
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V. LDL/HDL-C Ratio: This is the most influential independent predictor of 

CVD development (91). This atherogenic index indicates the severity of vessel 

compromise. Ideal scores for this ratio should be less than < 2.5 for men and < 2.0 

for women (91). 

All mentioned cut-off points for lipid profile have been used for healthy adults. 

However, people with T2DM tend to have lower HDL-C levels and raised triglyceride 

and LDL-C levels, which increases the risk of heart disease and stroke. This common 

condition is called diabetic dyslipidaemia (92). Defects in insulin action and 

hyperglycaemia, which are precursors of T2DM, could lead to changes in plasma 

lipoproteins in patients with diabetes (93). The insulin-resistant metabolic disorder could, 

itself, lead to lipid abnormalities known as a diabetic dyslipidaemia (94). These 

conditions can progress even before diabetes is diagnosed (95). It is a deadly combination 

where patients are at risk of premature CVD and finding techniques to treat abnormal 

cholesterol levels is a crucial step to maintaining optimum health. 

Hypercholesterolemia has been linked to the appearance and progression of 

atherosclerosis by starting a cascade of cellular and molecular events leading to 

endothelial dysfunction, plaque instability and cardiovascular events (96). The infiltration 

and maintenance of LDL in the arterial intima leads to an inflammatory response in the 

artery wall (97, 98) (Figure 1). Modification of LDL particles, through oxidation or 

enzymatic attack in the intima, initiates the release of inflammatory lipids such as 

phospholipids, which can trigger activation of endothelial cells, especially at sites of 

hemodynamic strain (98, 99). Patterns of hemodynamic flow characteristic for 

atheroprone segments (low average shear but high oscillatory shear stress) lead to the 

increased expression of inflammatory genes and leukocyte adhesion molecules by 

endothelial cells (100). The modified LDL particles are absorbed by scavenger receptors 

of macrophages, which evolve into foam cells. Therefore, the accumulation of lipids may 

initiate an inflammatory process in the artery. 

Dietary antioxidants most often found in fruits improve lipoprotein levels. 

Anthocyanin, as a potential antioxidant, has been shown to exert beneficial effects on 

lipid profiles and cholesterol efflux from macrophages (101). 
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Figure 1. Schematic diagram showing mechanisms behind plaque formation. 
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1.2.5 Chronic Inflammation   

Atherosclerosis is increasingly being characterised as an inflammatory disease 

since the inflammatory processe plays an essential role in the various stages of plaque 

development (102). It is also considered a possible mechanism responsible for the adverse 

consequences of MetS (103). In fact, the level of inflammation in the setting of MetS may 

help identify those at exceptionally high risk of adverse outcomes. Inflammation can be 

a manifestation of increased oxidative stress through the oxidative modification of LDL 

(104). Immune responses to these modified lipoproteins drive the pathogenic generation 

of the plaque by releasing proinflammatory mediators, leading to a chronic inflammatory 

reaction. Oxidised LDL atherogenic products induce the formation of foam cells and fatty 

streaks in the vessel wall, which is a hallmark of the initiation of atherosclerosis (105).  

During inflammatory conditions, endothelial cells can express several 

inflammatory proteins and cytokines (106, 107). The resulting inflammation involves 

cytokine production and includes IL-6 and IL-8 production, following the transcription 

of nuclear factor kappa-light-chain-enhancer of activated B (NF-kB) activation (108). 

Evidence has revealed the association of cytokine subtypes with several diseases caused 

by endothelial dysfunction (96, 109). The balance between pro- and anti-inflammatory 

cytokines (Figure 2) regulates the inflammatory response and thrombus formation (110) 

(111). During the chronic vascular inflammatory process, several inflammatory markers 

have also been considered as potential indicators for the prediction of coronary events. 

A key downstream marker of inflammation is C-reactive protein (CRP) (112). 

CRP secretion is largely under the transcription control of IL-6; however, IL-1 and 

tumour necrosis factor-α (TNF-α) also contribute to the synthesis of CRP (113, 114). As 

half-life of CRP is approximately 19 h in both health and disease, it is a very stable 

downstream marker of the inflammatory process (115, 116). 
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Figure 2. The balance of pro and anti-inflammatory cytokines  
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1.2.5.1 Markers of Chronic Inflammation    

Vascular injury is associated with the increased expression of proinflammatory 

markers and cytokines (117). The liver produces C-reactive protein (CRP) in response to 

inflammation, infection and tissue injury (118). CRP is an acute-phase protein that 

appears in the circulation in response to inflammatory cytokines, such as IL-6, and serves 

as a biomarker for systemic inflammation (147), (119). The high-sensitivity CRP (hs-

CRP) assay is a quantitative analysis of CRP. This assay is more precise than the standard 

CRP assay and enables a measure of chronic inflammation at the reference range of below 

3 mg/L. Therefore, the hs-CRP level may provide a critical prognostic factor for cardiac 

risk (148), (149). The hs-CRP assay has been recommended in patients with an 

intermediate risk of CVD to determine the need for further evaluation and therapy. 

 

Risk assessment guidelines for hs-CRP (120);  

 Low-risk individuals: less than 1.0 mg/L 

 Average risk individuals: 1.0 to 3.0 mg/L  

 High-risk individuals: 3.0-9.9 mg/L 

 Acute-phase response individuals: >10 mg/L 

There is a correlation between C-reactive protein, as a marker of subclinical 

inflammation related to atherosclerosis, and serum uric acid levels (121, 122). A 

significant independent association was found between uric acid and inflammatory 

markers, such as white blood cell count, blood neutrophil count, CRP, interleukin and 

TNF-α levels (121-123). IL-6 is an important cytokine involved in many different 

immunological processes and takes part in the metabolic regulation of CRP. Low-level 

chronic inflammation increases the concentrations of markers of inflammation leading to 

increased production of CRP by the liver, in response to IL-6, which mediates a reduction 

in vasodilation and an increase in vascular damage (124, 125). Increases in serum IL-6 

and CRP levels can cause downregulation of NO production, by inhibiting endothelial 

nitric oxide synthase (eNOS) and facilitating thrombi formation (126). NO is an important 

mediator in the vasculature as it is released by the endothelium to prevent platelet 

adhesion to the vessel wall, and also by platelets inhibiting further recruitment of platelets 

to a growing thrombus (127). Modulation of endogenous NO release may be a mechanism 
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by which the thrombotic response can be regulated, and coronary atherothrombotic 

disease has been associated with impaired or decrease in NO bioavailability (128). High 

levels of chronically circulating cytokines such as IL-6, IL-1β and TNF-α have been 

found in subjects with MetS compared to those without MetS (129).     

Epidemiological evidence has linked the consumption of a diet rich in fruits and 

vegetables to a reduction in the risk of cardiovascular and metabolic diseases which 

involve inflammation (130, 131). It has been suggested that there is an association 

between dietary antioxidants with inflammatory markers, IL-6 and hs-CRP (132, 133). 

Both approaches could be useful in improving patient inflammatory status and may also 

be effective in preventing a prothrombotic state in people diagnosed with MetS.  Pro-

inflammatory and prothrombotic state contributing to endothelial dysfunction is a 

common characteristic of those with MetS. 
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1.2.6 Prothrombotic State 

 Metabolic syndrome is accompanied by many coagulation and fibrinolytic 

abnormalities (134). This suggests that MetS induces a prothrombotic state, which is an 

important candidate for enhanced atherogenicity. Factors associated with coagulation and 

fibrinolytic abnormalities are endothelial dysfunction and increased platelets activation. 

It is believed that endothelial dysfunction is involved in the atherogenic process (135).  

Platelets play an essential role in the development of thrombosis and are often 

found at the locations of atherosclerotic lesions (136). The platelets are the first blood 

cells to arrive at the scene of endothelial cell damage (Figure 1). Interactions between 

the platelets’ cell surface membrane glycoproteins (GP) Ib and IIb/IIIa and the endothelial 

cell may contribute to endothelial cells activation (137). Activated endothelial cells 

express several types of platelet leukocyte adhesion molecules such as Intercellular 

Adhesion Molecule 1 (ICAM-1) and Vascular Cell Adhesion Molecule-1 (VCAM-1), 

which cause blood cells rolling along the vascular surface to adhere to the site of 

activation (138). Several platelet activation markers such as P-selectin (CD62P) are 

involved in binding to the endothelium (139). Upon disruption of endothelium on the 

surface of an atherosclerotic plaque, von Willebrand factor (vWF) is deposited, probably 

due to a change in platelet redox state (140). Platelets then adhere directly to collagen or 

indirectly via the binding of vWF to the glycoprotein (GP) Ib/IX matrix (141). Local 

platelet activation stimulates further thrombus formation and additional platelet 

recruitment by supporting cell surface thrombin formation and releasing potent platelet 

agonists such as adenosine diphosphate (ADP), serotonin, and thromboxane A2 (142). A 

thrombus forms as platelets aggregate via the binding of bivalent fibrinogen to GP IIb/IIIa 

The intact endothelium normally inhibits adhesion and activation of platelets 

through several mechanisms, including endothelial cell production of prostacyclin and 

NO (143), (142). An imbalance of diminished production of NO or raised production of 

ROS, in the state of oxidative stress, may promote endothelial dysfunction (144). The 

combination of reduced NO and increased ROS production may not only contribute to 

the maintenance and progression of hypertension but could also have proatherogenic 

effects (145).  
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1.2.7 Hypertension 

High blood pressure (BP) is another essential component of metabolic syndrome, 

which is present in up to one-third of MetS patients (146, 147). Evidence shows that 

MetS, even without T2DM, confers an increased risk of cardiovascular morbidity and 

mortality in hypertensive patients (148). BP levels are strongly correlated with visceral 

obesity and insulin resistance, which are the main pathophysiologic features underlying 

metabolic syndrome (149).  

High blood pressure is defined as systolic blood pressure (SBP) and diastolic 

blood pressure (DBP) above 130/85 mmHg (150) (Table 3). Higher SBP levels may 

reflect the progressive stiffening of the arterial wall, changes in the vascular structure and 

the development of atherosclerosis (151). Chronic hypertension may cause remodelling 

of the heart, which can lead to heart failure (152). Men and women with hypertension 

have an increased risk of developing heart failure, 2-fold and 3-fold, respectively (153). 

The WHO has stated that a high SBP is responsible for 49% of ischemic heart disease 

(IHD) worldwide, with little variation by gender (154). Thus, suboptimal BP was defined 

as the major attributable risk factor for CVD death (154). Moreover, higher risk has been 

identified in those aged between 40 and 89 years, as for every 20-mmHg systolic or 10 

mmHg diastolic increase in BP, there is a doubling of mortality from both stroke and IHD 

(155). Based on this evidence, developed blood pressure is represented as a single 

significant risk factor (156). 

Several factors influence the development of hypertension as a component of 

metabolic syndrome. Generally, hypertension is associated with oxidative stress, 

inactivation of NO and down-regulation of NO synthase (NOS) isoforms and endothelial 

NOS activator, suggesting that oxidative stress and endothelial dysfunction may be 

strongly associated with the development of hypertension in MetS (157, 158). 

Abnormalities in inflammatory mediators have also been reported to be involved with the 

development of hypertension. A positive relationship has been found between increased 

serum levels of CRP (159), serum TNF-α concentration (160), monocyte TNF-α secretion 

(161) and serum IL-6 concentrations (162), suggesting a significant association between 

inflammation, hypertension and MetS (163). 
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Table 3. Healthy and unhealthy blood pressure ranges 

 

  

                 

 

 

 

 

 

Note: BP, blood pressure; SBP, systolic blood pressure; DBP, diastolic blood pressure; 
mmHg, millimetre of mercury. Sourced from reference (164). 

 

Since oxidative processes are essential in the development of hypertension, the 

use of antioxidant supplementation may be an option for the prevention of atherosclerosis. 

 

 

 

 

 

 

 

BP Categories  SBP mmHg  DBP mm Hg  

Normal 117 76 

Prehypertension 120 – 139 80 – 89 

Hypertension Stage 1 140 – 159  90 – 99  

Hypertension Stage 2 160 or higher 100 or higher 

Hypertensive Crisis Higher than 180 Higher than 110 
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1.3 Metabolic Syndrome Components and Atherosclerosis 

Considerable interest has concentrated on the association between metabolic 

syndrome (MetS) and atherosclerosis. The MetS and its fundamental components have 

been stated to play a pivotal role in the development of atherosclerosis. While the 

magnitude of risk varies according to which metabolic syndrome components are present, 

several studies have reported a relationship between MetS and prospective cardiovascular 

risk. The particular mechanisms which promote this increased clinical risk remain to be 

illuminated. 

 

1.3.1 The Role of Endothelium in the Cardiovascular System  

The endothelial cells layered on the intima contact the blood flow, where the 

media and adventitia supply mechanical support to allow changes in blood pressure (165). 

The pulsatile blood pressure initiating from the heart forces blood circulation through the 

vasculature. The frictional power of the blood (wall shear stress) on the endothelial layer 

is opposed by tension and deformation in the endothelium while the circumferential 

distension of blood pressure is opposed by circumferential stress and strain (stretch) in 

the vessel wall (intima, media and adventitia) (166). The applied loads (flow and pressure) 

cause internal stress and deformation of the different vessel wall structures (fibres and 

cells) to trigger the release of biochemical reactants that maintain the physiological 

function of the blood vessels. The stress exerted on vascular cells and fibres causes 

remodelling in conditions such as hypertension (167) and diabetes (168).  
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1.3.2 Blood Vessel Structure 

All blood vessels are made of three layers; tunica intima, tunica media and tunica 

externa (Figure 3). The tunica intima is the inner layer and consists of the endothelial 

cells, which are an internal active monolayer of squamous epithelial cells (169). The 

tunica media comprises the smooth muscle layer, which lies beneath the internal elastic 

membrane. Finally, collagen and the elastic layer is known as the tunica externa forms 

the outermost layer of the blood vessel (170). 

The endothelium is an active monolayer of squamous epithelial cells, which line 

all blood vessels. Endothelial cells have a strategic anatomical position between the vessel 

wall and the circulating blood to regulate vascular function. The endothelium, therefore, 

plays an integral role in both the thrombotic and anti-thrombotic state by the regulation 

of vascular tone, platelet activity, leukocyte adhesion and thrombosis through 

synthesising and releasing biologically active substances such as NO (171), Endothelin-

1 (172) and prostacyclin (173).  

 

 

Figure 3. A diagrammatic representation of blood vessel structure 
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1.3.3 Endothelial Dysfunction  

Endothelial dysfunction performs a critical role in the initiation and development 

of vascular disease (174). The vascular endothelium is an active paracrine, endocrine, and 

autocrine organ that is essential for the maintenance of vascular homeostasis and the 

regulation of vascular tone (175). Deleterious alterations of endothelial physiology 

known as endothelial dysfunction, represent a critical early step in the development of 

atherosclerosis and are also involved in plaque progression and the occurrence of 

atherosclerotic complications (174). Endothelial dysfunction is involved in plaque 

formation by the promotion of both the early and late processes of atherosclerosis 

including increased chemokine secretion, up-regulation of adhesion molecules, leukocyte 

adherence, cytokine elaboration, enhanced low-density lipoprotein oxidation, platelet 

activation, vascular smooth muscle cell proliferation and migration (176-178). Also, 

when cardiovascular risk factors are treated, endothelial dysfunction is reversed, and it is 

an independent predictor of cardiac events. 

There is evidence that postprandial state abnormalities are important contributing 

factors to the development of atherosclerosis (179). It has been suggested that 

hyperglycemia and hypertriglyceridemia induce endothelial dysfunction through the 

production of oxidative stress (180). The procedure may involve the overgeneration of 

superoxide anion (O2.), which in turn deactivates nitric oxide (NO) (181), and activation 

of several inflammatory pathways (182). Excessive production of ROS has been damaged 

DNA, protein, carbohydrates, and lipids in processes in which they oxidise biological 

macromolecules. This condition has generally been indicated as oxidant stress (171), 

which is involved in the pathogenesis atherosclerosis. 
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1.3.4 Oxidative Stress  

In a state of oxidative stress (OS), there is an imbalance between the systematic 

production of either free radicals or non-radical species such as hydrogen peroxide (H2O2) 

and the biological capacity of the system to detoxify these products (183). Reactive 

oxygen and nitrogen species (ROS & RNS) (Table 4) are essential products in multiple 

physiological systems (13). Under conditions of oxidative stress, however, these 

contribute to cellular dysfunction (184). In the absence of such a balance, free radicals 

cause damage to cellular proteins, membrane lipids and nucleic acids, and ultimately 

result in cell death (185). Additionally, the production of ROS can serve as a second 

messenger for cell activation (186), and also cause modulation of vascular or platelet 

redox status, leading to platelet-dependent thrombus formation (187). Second messengers 

are intracellular signalling molecules released by the cell to trigger physiological changes 

such as cell proliferation (188), differentiation (189), migration, survival (190) and 

apoptosis (191). Secondary messengers are one of the initiating components of 

intracellular signal transduction cascades.  

Table 4. Reactive oxygen and nitrogen species 

Sourced from reference (183). 

Several mechanisms have been mentioned to contribute to the formation of reactive 

oxygen-free radicals. Glucose oxidation is considered to be the major source of free 

radicals (192). The superoxide anion radicals undergo a reaction to form hydrogen 

peroxide, which if not degraded by glutathione peroxidase or catalase, and can produce 

extremely reactive hydroxyl radicals (193). Superoxide anion radicals can also react with 

NO to form reactive peroxynitrite radicals (194) and promote lipid peroxidation LDL by 

a superoxide-dependent pathway (195, 196). Another main source of free radicals, 

  ROS RNS 

Free Radical                     

Superoxide (˙O2-) Nitric Oxide (NO) 
  
Hydroxyl (˙OH) Nitrogen dioxide (NO2) 
   

Non-Radical 
Hydrogen peroxide (H2O2) 

Uric acid (UA) 

Peroxynitrite (ONOO-) 

Nitrite (NO2-) 
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particularly in the hyperglycemic state, is the interaction of glucose with proteins 

resulting in the formation of AGEs (196, 197). The AGEs products can then inactivate 

enzymes via their receptors (RAGEs) to alter their structure and function (198), stimulate 

free radical formation (79), and block the antiproliferative effects of NO (199). By 

increasing intracellular oxidative stress, AGEs activate the transcription of NF-κB to 

promote up-regulation of various controlled target genes, which will be discussed later 

(200). Activation of the transcription factor NF-κB is critical for the TNF-α-induced 

inflammatory response (201). Targeting the IKK/NF-κB pathway or specific downstream 

genes may be useful for the prevention or control of chronic inflammatory diseases, for 

example, atherosclerosis (202).  

OS plays a key role in the pathogenesis of atherosclerosis and is a recognised key 

factor in MetS (33). OS is an indicator of MetS, with the view that oxygen-free radicals 

are triggers of physical changes in cells (203). Endothelial dysfunction initiates a complex 

cascade of metabolic events in the surrounding tissue, and free‐radical‐mediated 

oxidative damage performs an essential role in the pathogenesis of atherosclerosis (204). 

Free radicals are released from various sources, including inflammatory cells and 

dysfunctional mitochondria  (205). Hydroxyl radicals, peroxynitrite and superoxide are 

powerful radicals that can cause lipid peroxidation, a self‐propagating chain reaction, that 

irreversibly damages DNA, mitochondrial and cell membranes (206). Lipid peroxidation 

products such as malondialdehyde, irreversibly disrupt enzymes, receptors, and 

membrane transport mechanisms which emphasises the role of oxidative stress in 

atherosclerosis, and is consistent with the observation that stroke volume is greater in 

patients with diminished antioxidant capacity (207). Recent experimental studies have 

demonstrated that an increased intake of exogenous antioxidants can be utilised not only 

to prevent but also to treat medical complications of MetS and atherosclerosis (208-211). 

 The activation of the endogenous antioxidant defence system may reduce OS, and 

therefore cellular inflammation, by improving the body’s ability to detoxify ROS 

products (212). The nuclear factor erythroid 2-related factor 2 (Nrf2) has an essential role 

in maintaining cellular homeostasis, particularly upon the exposure of cells to oxidative 

stress, through its ability to regulate the basal and inducible expression of a multitude of 

antioxidant proteins, detoxification enzymes and xenobiotic transporters (213). Nrf2 also 
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contributes to varied cellular functions, including differentiation, proliferation, 

inflammation and lipid synthesis, and there is an increasing association of aberrant 

expression and function of Nrf2 with CVD (214). However, the exogenous antioxidants, 

such as flavonoids can also remove free radicals and exhibit potent antioxidant activities 

(215-217). Their beneficial effects include scavenging free radicals and inhibiting the 

oxidative modification of low-density lipoproteins (218, 219). Thus, the clinical 

significance of biomarkers of antioxidants such as uric acid in humans should provide an 

overall index of redox status in MetS. 

 

1.3.4.1 Uric Acid as a Marker of Endogenous Antioxidant  

Uric acid (UA) is a final product of purine nucleotide metabolism (220). It is a main 

antioxidant present in human blood to protect against oxidative stress (221). UA is 

recognised as another marker of endothelial dysfunction and inflammation (Figure 4) 

(222). Despite its proposed protective properties, high blood levels of UA are usually 

associated with a raised risk for CVD and mortality (223). An experimental study 

proposed that men with hyperuricemia had a 1.634-fold and women a 1.626-fold 

increased risk of metabolic syndrome in comparison with those without hyperuricemia 

(224). The role of uric acid in association with OS is entirely unclear. Evidence mainly 

based on epidemiological studies recommends that increased serum levels of uric acid are 

a risk factor for CVD where OS plays a vital pathophysiological role (225). In addition, 

allopurinol, a xanthine oxidoreductase inhibitor that decreases serum levels of UA exerts 

protective effects in situations associated with oxidative stress and atherosclerosis (221).  

UA performs as an antioxidant, and it accounts for 50% of the total antioxidant 

capacity of biological fluids in humans (221, 226). UA presents potent antioxidant 

properties and could neutralise the generation of ROS (227). The elevation in serum uric 

acid levels observed in subjects with MetS could reflect a mechanism to counteract the 

compensatory high oxidative stress (228). UA transforms into a pro-oxidant agent and 

elevates oxidative stress when present in the cytoplasm of cells or an acidic/hydrophobic 

environment in atherosclerotic plaques (229, 230). The evidence available also suggests 

an association between elevated UA and cardiovascular risk factors, including metabolic 
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syndrome (228), insulin resistance (231) and obesity (232). Experimental and clinical 

studies have proven that elevated UA levels exert deleterious effects on cardiovascular 

health, including increased oxidative stress (233, 234), reduced availability of nitric oxide 

and endothelial dysfunction (235-237), promotion of local and systemic inflammation 

(121, 238), vasoconstriction and proliferation of vascular smooth muscle cells (239, 240), 

and insulin resistance (235, 241, 242).  

Although the connection between UA and atherosclerosis remains unproven, UA may 

be pathogenic and participate in the pathophysiology of atherosclerosis by serving as a 

bridging mechanism mediating or potentiating the deleterious effects of cardiovascular 

risk factors (Figure 4). As UA may have an underlying role in the pathophysiology of 

MetS, serum levels of UA > 430µmol/l for men and > 360µmol/l for women should be 

considered a "red flag" for CVD risk factors (243).  

 

Figure 4. Interactions between hyperuricemia and components of MetS 

(Source: personal collection) 



28 

 

1.4 Antioxidants 

Antioxidants are described as any substance that at low concentrations significantly delay 

or prevent oxidation of an oxidizable substrate. Antioxidants both endogenous or 

exogenous (Table 5) play an important role in terminating radical chain reactions by 

donating electrons to free radicals and their intermediates (244),(245). 

 

Table 5. Some endogenous and exogenous antioxidants 

Endogenous Exogenous 

Superoxide dismutase (SOD) 
Catalase 
Glutathione peroxidase 
Glutathione 
Uric Acid 

Ascorbic acid 
Tocopherols 
Retinoic acid 
Carotenoids 
Polyphenols (Anthocyanins) 

 

Free radicals generated by oxidative stress exert a central role in the development of tissue 

damage (246). Reactive species (RS) derived from oxygen (ROS) and nitrogen (RNS) are 

continuously produced during regular physiological events but are species-specific by 

antioxidant defence mechanism (246). However, the imbalance between RS and 

antioxidant defence mechanism leads to modifications in the cellular membranes or 

intracellular molecules associated with chronic diseases, including cancer and 

atherosclerosis (247). Some essential antioxidants in human, including vitamins E and C, 

cannot be synthesised and must be taken in the diet (248). Therefore, antioxidant defence 

against toxic oxygen intermediates are influenced by nutrition. Currently, there is much 

interest in phytochemicals as bioactive components of food (249). The roles of fruit and 

vegetables in disease prevention have been attributed in part to their antioxidant 

properties (250). Recent studies have indicated that dietary polyphenolic constituents 

derived from plants are effective antioxidants in vitro and as a result, might contribute 

significantly to the protective effects in vivo (250-252). Thus, given that oxidative stress 

is the basis of atherosclerosis, a diet rich in antioxidants may be useful as a preventive 

approach.  
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1.4.1 Anthocyanins  

Anthocyanins are a subgroup of flavonoids, a class of compounds with antioxidant 

effects. They are widely distributed in the plant kingdom, especially in blue and purple 

fruits such as berries (253). Structurally, anthocyanidins are electrophiles, positively 

charged species that are attracted to an electron-rich centre (254). Anthocyanins are 

mainly based on the flavylium or 2-phenyl benzopyrilium cation, with hydroxyl and 

methoxyl groups present at diverse positions of the basic structure (Figure 5). There are 

approximately 17 anthocyanidins found in nature, only six of which are widely 

distributed: cyanidin (Cy), delphinidin (DP), petunidin (PT), peonidin (PEO), 

pelargonidin (PL) and malvidin (255). Depending on the position and number of the 

hydroxyl and methoxyl groups as substituents, different anthocyanins have been 

described (256). Anthocyanins are unstable to UV light; they do not occur in their free 

state but are linked to sugars in cell vacuoles, which provide stability and water solubility. 

The primary dietary sources of anthocyanins are red fruits such as berries, red grapes and 

red wine (257). Veg-encapsulated anthocyanin extract from fruits such as blueberries on 

the other hand are relatively pure and contain high amounts of anthocyanins. 

                                          

                                      Figure 5. Anthocyanin structure 

Ameliorating oxidative stress through treatment with antioxidants such as 

anthocyanins might be an effective strategy for reducing some metabolic disorders. 

Several studies have suggested that anthocyanins can regulate obesity and insulin 

sensitivity by modulating adiponectin and leptin secretion and reducing inflammation 

(258-260). Many studies have suggested that the anthocyanin pigments may play an 

essential role in the prevention of lipid peroxidation of cell membranes induced by active 

oxygen radicals in living systems (261, 262). Despite the positive effects that 

anthocyanins and blueberry consumption have demonstrated, more studies are needed to 

understand the mechanisms of these beneficial effects in preventing metabolic syndrome 

disorders. Clinical trials involving blueberry extract are recommended. 
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1.4.1.1 Antioxidant Effects of Anthocyanins 

An increasing number of studies prove that oxidative stress has an important role 

in the pathogenesis of MetS. Oxidative stress occurs in a cellular system when the 

production of free radical moieties exceeds the antioxidant capacity of that system (263). 

If cellular antioxidants do not remove free radicals, these radicals attack and damage 

proteins, lipids, and nucleic acids (264), leading to decreased biological activity and loss 

of energy metabolism and cell signalling (265). Antioxidants are described as any 

substance that at low concentrations significantly delays or prevents oxidation of an 

oxidisable substrate. Antioxidants, both endogenous and exogenous (Table 5), play an 

essential role in terminating radical chain reactions by donating electrons to free radicals 

and their intermediates (266). Antioxidant defence mechanisms involve both enzymatic 

and non-enzymatic strategies.  

 Anthocyanins can improve both enzymatic and non-enzymatic systems. It has 

been suggested that anthocyanins can scavenge superoxide and hydroxyl radicals via a 

non-enzymatic strategy (267, 268). Recently, anthocyanin has been shown to reduce 

oxidative stress markers in several human intervention studies (269-272). As, 

anthocyanin bio-availability and, consequently, plasma concentration is quite low, direct 

scavenging of reactive oxygen species by anthocyanins has not been fully explained in 

vivo. Perhaps the induction of the antioxidant defence system by activation of nuclear 

factor (erythroid-derived 2)-like 2 (Nrf2)-regulated phase-II-enzymes could be a possible 

explanation. Nrf2 performs an essential role in the coordinated induction of genes 

encoding redox-responsive, and cellular defence antioxidant enzymes termed the 

antioxidant response element (ARE) (214) (Figure 6). Nrf2 is a redox-sensitive 

transcription factor that contains the primary leucine zipper region, which, under latent 

conditions, interacts with Keap1, localised mainly in the cytoplasm. This quenching 

interaction maintains a low basal expression of Nrf2-regulated genes. However, upon 

recognition of chemical signals imparted by oxidative and electrophilic molecules (e.g. 

anthocyanin), Nrf2 is released from Keap1 (273). Nrf2 then translocates to the nucleus to 

bind to ARE-driven genes located in the promoter area of genes encoding many phase II 

detoxifying or antioxidant enzymes and related stress-responsive proteins and 

transactivates the expression of several dozen cytoprotective genes, which include  
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glutathione S-transferase (GST), NAD(P)H, quinone oxidoreductase 1 (NQO1), heme 

oxygenase-1 (HO-1), glutathione peroxidase (GPx), glutamate-cysteine ligase (GCL), 

peroxiredoxin I (Prx I), catalase and SOD (273, 274). Following six weeks of wild 

blueberry drink intake, anthocyanins were reported to decrease markers of inflammation, 

oxidative stress and endothelial function in humans with cardiovascular risk factors  

(270). Therefore, there is a possible involvement of anthocyanins in inducing NRF2-ARE 

signalling and in attenuating inflammation–associated pathogenesis of atherosclerosis.  

 

 

Figure 6.  Nrf2–ARE-mediated signalling activation mechanism 

The Nrf2/Keap1 signalling pathway in basal conditions, two Keap1 molecules bind to 
Nrf2. Under stress situations, inducers modify the Keap1 cysteines cause the inhibition 
of Nrf2 ubiquitylation through dissociation of the inhibitory complex. Modification of 
specific Keap1 cysteine residues causes conformational changes in Keap1, resulting in 
the detachment of the Nrf2 DLG motif from Keap1. Nrf2 translocates into the nucleus, 
bind to the antioxidant response element (ARE) and initiates the expression of Nrf2 target 
genes such as NQO1, HMOX1, GCL and GSTs, which reduce the production of reactive 
oxygen species. 
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1.4.1.2 The Metabolic Effects of Anthocyanins 

The ability of anthocyanins to exert cardiovascular protection by improving lipid 

homeostasis is connected to their metabolic effects. Recent studies demonstrated that 

anthocyanin supplementation in dyslipidemic patients reduced the plasma levels of the 

atherogenic LDL-cholesterol, and also increased anti-atherogenic HDL (275-277). 

Anthocyanidins, delphinidin, cyanidin, malvidin and pelargonidin have been found to 

inhibit LDL oxidation in vitro (278). Dietary anthocyanin can also ameliorate 

hyperglycaemia and insulin insensitivity (279-281). Animal intervention studies 

specifically showed that purified anthocyanins regulated glucose metabolism, enhanced 

insulin sensitivity and improved pancreatic β-cell dysfunction in type 2 diabetic mice  

(282). However, in vivo, the molecular action of the bilberry responsible for ameliorating 

hyperglycaemia and the enhancement of insulin sensitivity is not yet fully understood. 

Mechanistically, adiponectin is regulated by peroxisome proliferator-activated 

receptor-g (PPARG) (283). PPARG is a ligand-activated nuclear hormone receptor that 

controls glucose and lipid metabolism because of the regulation of energy homeostasis 

(283, 284). Some studies have reported that anthocyanins improve insulin sensitivity and 

glucose uptake in diabetic rats (285, 286) and effectively upregulate the signalling 

pathway of PPARG in adipocytes (287). However, the molecular mechanism of action 

and the effectiveness of anthocyanins in exerting protective effects against insulin 

resistance are still poorly understood. Anthocyanins may affect glucose uptake machinery 

in immune cells by altering the gene expression of PPARG (288).  
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1.4.1.3 Inflammatory Effects of Anthocyanins 

Inflammation is mediated by a variety of molecules, including a group of cell-

derived polypeptides collectively known as cytokines (289). Cytokines are a broad group 

of small poly peptides which act in cell signalling. They are released by cells and affect 

the behaviour of other cells, or the cell itself (290). In response to the oxidative stress, 

pro-inflammatory cytokines are often overproduced and can initiate oxidative stress in 

the target cells. Additionally, LDL infiltrates the artery and is retained in the intima, 

particularly at sites of hemodynamic strain. Enzymatic modifications and oxidative stress 

lead to the release of inflammatory lipids that induce endothelial cells to express 

leukocyte adhesion molecules (291). Monocytes recruited throughout the activated 

endothelium differentiate into macrophages by scavenging the modified LDL particles 

(Ox-LDL), then evolve into foam cells (292). Several receptors such as toll-like receptors 

on these cells can activate and the release of inflammatory cytokines, chemokines, and 

other inflammatory molecules, ultimately, leading to inflammation and tissue damage 

(293). 

Pro-inflammatory cytokines such as tumour necrosis factor-alpha (TNF-α) and 

interleukins are overproduced when the redox-sensitive nuclear factor-B (NF-κB) is 

activated by oxidative stress. Additionally, ROS generated by these proinflammatory 

cytokines can further induce NF-κB activation and further cytokines production. Like 

Nrf2, NF-κB is sequestered in the cytosol by the inhibitor protein IκBα (NF-κB inhibitor 

- alpha) (294). The release of NF-κB requires the phosphorylation of IκB by cytosolic 

protein IKK (IκB kinase). The activation of NF-kB leads to the induction of pro-

inflammatory mediator expression, including inducible cyclooxygenase-2 (COX2), 

inducible nitric oxide synthase (iNOS), nitric oxide (NO), interleukin-1 (IL-1), 

interleukin-6 (IL-6), tumor necrotic factor (TNF) (295), adhesion molecules (296) and 

chemokines (297).  

However, this vicious cycle of oxidative stress and overproduction of pro-

inflammatory cytokines can be prevented by activation of the Keap1/Nrf2/ARE redox-

sensitive signalling system (294). In an animal study, Nrf2 knockout mice had a 

noticeably increased production of, TNF-α, IL-6, IL-1b and IL-12p40 (298), suggesting 
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Nrf2 plays an important protective role in limiting the upregulation of NF-Bκ activity and 

proinflammatory cytokines (299).  

Anthocyanins in berries have various health benefits, due primarily to their 

antioxidative and anti-inflammatory properties (300-302). However, the underlying 

mechanisms to explain their anti-inflammatory effect is not fully understood. It is 

hypothesised that anthocyanins may exert modulatory actions in cells by interacting with 

a wide spectrum of molecular targets central to the cell signalling machinery. It is also 

predicted that anthocyanins may exert potent anti-inflammatory effects by inhibiting NF-

κB transactivation and pro-inflammatory chemokine expression. In addition, 

anthocyanins have recently been suggested to induce the expression of enzymes involved 

in both cellular antioxidant defences known as Nrf2 and attenuating inflammation-

associated pathogenesis (NF-ƙB), and these effects account for their atherosclerosis 

chemo-protective activities (214, 272, 302). Nrf2 has an essential role in the coordinated 

induction of genes encoding redox-responsive and cellular defence antioxidant enzymes, 

termed the antioxidant response element (ARE) (214).  
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1.5 Conclusion 

Metabolic syndrome (MetS) is a leading predictor of cardiovascular events 

(Figure 7). MetS can cause systemic inflammatory processes and increased production 

of reactive oxygen species. Oxidative stress is a main indicator of MetS, with the 

dominant view that oxygen-free radicals may reduce Nitric Oxide (NO) bioavailability, 

which ultimately may lead to rising blood pressure and thrombus formation. Meanwhile, 

chronic inflammation can increase the production of pro-inflammatory proteins and 

cytokines such as TNF-α, CRP and IL-6, which may increase the production of adhesion 

molecules. These events can promote plaque formation and finally increased 

cardiovascular events.  

Moreover, MetS is a clinical condition characterised by a group of abnormalities, 

including visceral obesity, insulin resistance, dyslipidemia, hypertension, procoagulant 

state and elevated plasma uric acid (303). Individuals without diabetes or CVD, but 

exhibiting symptoms of metabolic syndrome, are at increased risk of developing long-

term cardiovascular disease (11).  

Promising results have also been achieved using natural supplements. Plants 

synthesise an enormous variety of chemicals with powerful cardioprotective properties, 

promoting the concept that increased consumption of fruits might help prevent 

atherosclerosis. This hypothesis is supported by an extensive body of literature 

demonstrating that fruit extracts, or specific micronutrients such as anthocyanins with 

antioxidant and anti-inflammatory properties, can protect against endothelial dysfunction, 

inflammation, lipid peroxidation and/or platelet activation, all of which have deleterious 

effects on the progression of atherosclerosis. Among all fruits, berries have shown 

substantial cardio-protective benefits due to their high anthocyanin content.  
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Figure 7. Mechanisms OS & inflammation induced in CVD 

Note: OS, oxidative stress; BH4, tetrahydrobiopterin; ROS, reactive oxygen species; IL-
6, interleukin-6; CRP, C-reactive protein, TNF-α, tumour necrosis factor-alpha; ET-1, 
Endothelin-1; NO, nitric oxide. 

(Source: personal collection) 
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1.6 General Study Objectives 

At the inception of this research, there was an emerging body of evidence 

suggesting the incidence of CVD and its associated costs continue to rise globally. 

Atherosclerosis, the leading cause of CVD, is a chronic inflammatory condition. 

Metabolic syndrome (MetS) is characterised by a constellation of metabolically-related 

abnormalities with proinflammatory and prothrombotic states and cardiovascular risk 

factors, including obesity, insulin resistance/glucose intolerance, dyslipidaemia and 

hypertension, which can increase the risk of atherogenic damage. Thus, this thesis aimed 

to investigate the incidence metabolic syndrome components in a sample population of a 

sedentary lifestyle and then proposed anthocyanin supplements as a potential antioxidant 

to ameliorate cardiometabolic risks in both in vitro model and MetS population.  

Therefore, the thesis projects are based on the following aims and hypotheses: 

Hypothesis 1: It was predicted that the sedentary population would have higher 

cardiometabolic risk factors, including hyperglycemia, lipid abnormality, hypertension, 

abdominal obesity, chronic inflammation, and oxidative stress. Also, there would be a 

relationship between their metabolic abnormalities and oxidative stress and inflammatory 

biomarkers.  

Aim 1: The purpose of this study was to examine metabolic syndrome components 

in a population who are at risk of atherosclerosis as a result of their physical inactivity. 

The study also aimed to evaluate a relationship between these cardiometabolic risk factors 

with inflammation and oxidative stress.  

Hypothesis 2: This study hypothesised that anthocyanin compounds derived from 

berries would have antioxidant and anti-inflammatory properties in vitro due to their 

antioxidant effects at physiologically relevant concentrations using cultured primary 

endothelial cells. 

Aim 2: Antioxidant and anti-inflammatory effects of fruit-based anthocyanin 

supplement were investigated on the primary endothelial cell-based model, to gain a 

better understanding of the underlying mechanisms of endothelial dysfunction. In vitro 

study using cultured primary healthy (HAEC), and diabetic (D-HAE) endothelial cell 
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lines were used to determine if anthocyanins could protect these cells from acutely 

induced oxidative stress and inflammatory damage.  

Hypothesis 3: In this study, it was hypothesised that a four-week consumption of 

anthocyanin supplements in the MetS group (the subjects with more than three risk factors 

associated with metabolic syndrome) would have a greater improvement in 

cardiometabolic biomarkers. Also, it was predicted that anthocyanins would improve 

thrombosis risk (platelets function), with an inhibitory effect the expression on the 

expression of proinflammatory genes and stimulatory effect on the expression of the 

oxidative defence system and anti-inflammatory genes when compared to the Normal 

group.   

Aim 3: Dietary supplements based on polyphenol compounds of fruits, including 

berries with the anti-inflammatory effects, may be implemented as a preventive, and 

therapeutic approach. Based on the in vitro findings, the atheroprotective effects 

anthocyanin supplements derived from berries were examined on the metabolic 

biomarkers and platelet activation induced by ADP in MetS subjects compared to the 

Normal group. Moreover, the secondary purpose of this study sought to determine the 

stimulatory effect of anthocyanin on the expression of anti-inflammatory and cellular 

oxidative defences gene pathways, and also its inhibitory effect on the expression of 

proinflammatory gene pathways.  

 

 

 

 

 

 

 

 



39 

 

 

 

 

CHAPTER 2 

Methods for identifying and quantifying metabolic 

syndrome risk factors in clinical samples 
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2.0 Introduction  

In order to achieve the aims of this in vivo PhD project, data analysis was carried 

out from quantitative research. Data were collected through anthropometric 

measurements, blood sample examinations, dietary records and physical activity 

monitoring to assess the presence of metabolic syndrome (MetS). Definitions of MetS 

was used to define metabolic disorders in overweight or obese individuals (304). A global 

definition of MetS status indicates that central obesity is not an obligatory component 

(23). The definition of MetS is considered when three of the following occur: elevated 

waist measurements, triglycerides ≥ 1.7 mmol/L, systolic blood pressure ≥ 130 or 

diastolic ≥ 85 mm Hg, fasting blood glucose ≥ 5.5 mmol/L and reduced HDL cholesterol 

< 1.0 mmol/L (male) or < 1.2 mmol/L (female) (23). While the estimated risk of CVD is 

readily available (305), the recognition of MetS is not generally used in practice and could 

be used to help commence an initial intervention to prevent the development of 

atherosclerosis. 

MetS often occurs in the presence of obesity due to its associated metabolic and 

comorbid cardiovascular disorders (303). Clinical practice guidelines for the treatment 

obesity include diet, physical activity and behavioural support (306). However, recent 

research recommends that not all obese individuals have the same metabolic risk profile 

(307), and this has propositions for personalising treatment. In the first place, it may be 

relevant to distinguish at high-risk subjects for obesity-related metabolic diseases by 

identifying the presence of MetS. In addition to obesity, many other factors have been 

suggested as being associated with MetS, such as physical inactivity and dietary pattern 

(308, 309). All of these have implications for the approach to treatment, especially 

concerning the nature of diet and exercise. This chapter aimed to describe existing 

methods used for calculation of MetS to assess the presence of MetS in the clinical cohort 

of this research. 

 

 

 



41 

 

2.1 General Materials and Methods 

2.1.1 Research Ethics 

This research was conducted at the School of Medical Science, Griffith University, 

Queensland, Australia. Both human protocols involved in this research have been 

approved by the Griffith University Human Research Ethics Committee. Ethics clearance 

was obtained from the Griffith University Human Research Committee, which are 

detailed in the relevant chapter.  

 

2.1.2 Anthropometric Measurements 

Anthropometric measurements included height, weight, hip circumference and 

waist circumference. Height was calculated by using a stadiometer (Seca, Hamburg, 

Germany). Bodyweight was evaluated using TANITA segmental body composition 

monitor (model BC-601F, Digital Scales, Japan) while participants were fasting 

overnight, wearing light-weight clothing and without shoes. Height and weight were used 

to calculate the body mass index (BMI), which is weight (kg) / height squared (m2).   

Waist circumference was measured at the minimum abdominal girth (around the 

belly button or navel), and hip circumference was assessed at the maximum protrusion of 

the hips at the level of the pubic symphysis (the secondary cartilaginous joint uniting the 

superior rami of the left and right pubic bones). Waist to hip ratio (WHR) was calculated 

by dividing the waist (cm) / hip (cm).   

 

2.1.3 Blood Pressure Measurements 

Blood pressure was measured three times at the right arm in a sitting position after 

a fifteen-minute rest using a validated automatic device (OMRON HEM 705-CP). The 

mean of all the measurements was used for the analysis. Hypertensive blood pressure is 

defined by systolic blood pressure (SBP) more than 130 mmHg or diastolic blood pressure 

(DBP) more than 85 mmHg. 
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2.1.4 Blood Collection 

The area of venipuncture was sterilised using an antiseptic alcohol swab before 

starting the blood collection procedure. Depending on the amount of blood required for 

each study, 10 to 20 ml of blood was collected via the median cubital vein located in the 

upper arm, with the aid of a sterile tourniquet. Blood was carefully drawn from the vein 

using 10 or 20ml syringes (Becton, Dickinson, and Company, Australia), and a 21-gauge 

1.5-inch needle (Terumo medical corporation, Australia). Sterile cotton was used to cover 

the area of venipuncture to prevent any risk of infection. Blood samples were then 

collected in the following order: a 2 ml-tri-potassium ethylene diamine tetra-acetic acid 

(EDTA-1.8 mg/ml concentration) anticoagulant tube (Vacuette Greiner Bio-one, 

Australia) for full blood examination, a 3.5ml tri-sodium citrate 28.12 g/l concentration) 

anticoagulant tube (Becton, Dickinson and company Australia) for flow cytometry, and 

an 8.5 ml serum separator tube (SST) (Becton, Dickinson and company Australia) for 

biochemistry assay. PAX gene Blood RNA Tubes (IVD) were used for the collection of 

whole blood samples for molecular diagnostic testing (Table 6).   

 

Table 6. Blood tube types in sample analysis 

Blood tube  Assay 

EDTA WB used for the full blood cell examination (FBE) 

Sodium Citrate       WB used for flow cytometry 

Serum separator (SST)   The serum used in biochemical analysis 

Pax gene    WB used for gene expression analysis 

 Note: WB, whole blood; EDTA, Ethylenediaminetetraacetic acid 
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2.1.5 Processing of Blood Samples 

One tube of EDTA whole blood was used for the Full Blood Examination (FBE). 

Blood in the Serum separator (SST) tubes were centrifuged at 2000×g for 10 minutes, 

then serum was carefully collected in separate sterile 1.5ml Eppendorf tubes, without 

disturbing the red cells at the bottom, to be used for biochemical assays. Full blood 

examination and flow cytometry assays were performed within an hour of blood 

collection. However, samples for biochemical assays and Multiplex gene expression 

analysis were kept at -80˚C until analysis. 

 

2.1.6 Full Blood Examination (FBE) 

A full blood examination (FBE) provides an estimated level of the number of each 

blood cell type, such as white blood cells, red blood cells, and platelets, which can be 

useful in the diagnosis of disease states. FBE was performed to make sure that the blood 

cell parameters of participants were within the normal reference range established by the 

Royal College of Pathologists of Australia (310). Participants with cell counts outside of 

the reference range during the initial screening were excluded from the study. 

The FBE assay was performed using the Beckman Coulter AcTTM 5 Diff CP 

haematology analyser (Coulter Corporation, Miami, Florida, USA). Before testing the 

blood with the samples, the analyser was pre-calibrated with AcTTM 5 Diff Cal Calibrator 

(Beckman CoulterTM, Corporation, Miami, Florida, USA), according to manufacturer’s 

instructions. A complete report of blood cell counts for each sample was produced for 

each sample run. 

 

2.1.7 Biochemistry Assay Methods 

Fasting blood samples were tested to measure a complete lipid profile, including 

high-density lipoprotein (HDL-C), triglycerides (TG) and total cholesterol (TC). Other 

biochemical analysis included uric acid (UA), high-sensitivity C-reactive protein (hs-

CRP), and fasting blood glucose (FBG) levels.  
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All biochemical tests were measured using the Cobas Integra 400® plus 

biochemistry analyser (Roche Diagnostics, Switzerland). Serum obtained from whole 

blood collected into SST tubes were used in the analysis. All serum samples, which are 

kept in Eppendorf tubes at a temperature of -80˚C, were thawed to room temperature 

(25˚C) before analysis. The samples were analysed according to the Cobas Integra 400® 

and biochemistry analyser manual protocol, with calibration and control samples, run 

before sample analysis. 

 

2.1.8 Blood preparation for Platelets Analysis by Flow Cytometry  

Flow cytometry (FC) is most commonly used for the measurement of platelet 

surface glycoproteins and can determine whether any individual glycoprotein is absent or 

reduced (311). In this study, FC was performed to estimate the risk of thrombosis (312).  

After blood collection in a tri-sodium citrate tube, whole blood was initially 

diluted 2/10 with a modified Tyrode’s buffer (MTB) (pH-7.2) (312) to minimise the 

formation of platelet aggregation (313). Diluted whole blood was then tagged with 

platelet-specific fluorescent-labelled monoclonal antibodies (mAb) to identify and isolate 

the cells of interest and incubated for 15 minutes in the dark at room temperature (312).  

For the control tube, isotype controls were added based on the BD protocol (Appendix 11 

B and C). The following monoclonal antibodies were directed against specific platelet 

membrane glycoproteins: 

• PerCP- Cy5.5 anti CD41 antibody (5µl): This antibody is conjugated with resting 

platelets to recognise the platelet membrane glycoprotein GpIIb (the integrin 

alpha IIb chain) which is non-covalently associated with GpIIIa (the integrin beta 

3 chains) to form the GpIIb/IIIa complex antigen, which is known as the integrin 

β3-subunit (314). Anti-CD 41a binds to the (GP)IIb-IIIa receptor on the platelet 

surface, thereby isolating all the platelets in the sample for evaluation. 

 

• APC anti-CD62P (P-selectin) antibody (5µl): Anti- CD62P is conjugated to P-

selectin on the platelet surface, which is a marker of activated platelets (314). 
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The antibodies and their respective isotype controls were purchased from BD (BD 

Biosciences, Australia). 

 

Platelets were stimulated by 1.6 µl adenosine diphosphate (ADP/5µM) against 

MTB in blood-antibody mixture tube to test activated platelets after stimulation and to 

estimate the normal levels of platelet activation in the individual sample. Samples were 

then covered to protect from the light and incubated for 10 minutes at room temperature 

(Figure 8). 

Samples were stabilised by fixation with 1% paraformaldehyde (PFA) at pH 7.2, 

to preserve the activated state of platelets and to prevent further activation. Platelets were 

incubated in the dark at room temperature for 15 minutes, then analysed on the flow 

cytometer for platelet surface receptor expression. Compensation was performed by BD 

CompBead compensation particles (Becton Dickinson Biosciences, Australia) 

(Appendix 11A). Data was produced by the BD LSRFortessa cell analyser (BD 

Biosciences, USA). Figure 8 and Table 7 illustrate the step-by-step protocol and 

antibody and isotype preparation used in the evaluation of activation-dependent platelet 

surface marker expression by flow cytometry.   

Table 7. Antibody and isotype control preparation 

 

Antibody Ratio to the 
total volume 

The volume required per 
reaction (20 μl) 

CD62P-APC 1:4 5μl 
CD41a-Pcy5.5 1: 4 5μl 
MTB  10μl 

 Total 20μl 

Isotype control 
Ratio to total 

volume 
Volume required per reaction  

(20 μl) 
Mouse IgG1, ĸ CD62P-APC 1:4 4ul 
Mouse IgG1, ĸ CD41a-Pcy5.5 1:50 0.04 μl 
MTB   15.06 μl 
  Total 20 μl 

Note: APC, allophycocyanin, MTB, Modified Tyrode’s buffer.  
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Figure 8. A schema of sample preparation for platelet analysis by FC 

Note: MTB, Modified Tyrode’s Buffer; PFA, Paraformaldehyde; AB, antibody; ADP, 

adenosine diphosphate; FC, flow cytometry. 
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(1 : 4 dilution with MTB)
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Isotype Control
Mouse IgG1, ĸ CD62P-APC        4ul
Mouse IgG1, ĸ CD41a-Pcy5.5    0.4 ul
MTB                                        15.06 ul

15 min incubation             
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Unstim
ulated

1.6 µL ADP
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2.1.9 Statistical Analysis 

Statistical analyses were applied using SPSS version 22 (SPSS, Inc., Chicago, IL, 

USA). Details of specific statistical tests conducted can be found in the individual 

experimental chapters. All values were quoted as the mean ± standard error of the mean 

(SEM). Power calculations for each study were performed to ensure that the number of 

participants is as close a reflection of the general population as possible. Graph Pad Prism 

version 8.0 for Windows (Graph Pad Software, San Diego California USA) was 

performed to present study results.  
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3.0 Introduction  

Metabolic syndrome (MetS) is a significant and escalating clinical challenge and 

is a worldwide public health issue caused by urbanisation, excessive energy intake, 

increasing obesity and sedentary lifestyle habits (303). MetS is characterised by a group 

of metabolically related abnormalities and cardiovascular risk factors (309). MetS 

patients have an increased risk of cardiovascular disease-related morbidity and mortality, 

even in the absence of clinically evident cardiovascular disease (315, 316). The presence 

of the MetS with clustering of atherogenic risk factors, including dyslipidaemia (3), 

elevated blood pressure (4), elevated blood glucose (5) and obesity (62), confers 

additional risk for atherosclerotic cardiovascular disease at every level of risk. 

A considerable number of studies have demonstrated the association between a 

sedentary lifestyle and metabolic syndrome. People who are more inactive and spend 

more of their time in sedentary behaviours have higher odds of developing the metabolic 

syndrome (317). Metabolic syndrome is a serious and growing problem for public health 

due to the current worldwide epidemic for overweight people who exhibit sedentary 

lifestyle (318). Therefore, the current study investigated the risk of atherosclerosis by 

measuring cardiometabolic risk factors in a metabolic syndrome population as a result of 

their sedentary occupation. 

Drivers in the transport industry face a higher risk of co-morbidities and mortality 

than the general population (319, 320). Undoubtedly, the environment and job demands 

(long irregular hours and enforced sedentarism) within the transport industry constrain 

the enactment of healthy lifestyle behaviours and lead to high levels of obesity and MetS 

(321, 322). However, it is assumed these are more aggravated in bus drivers whose 

working conditions are more regulated compared to other workers (e.g. train and tram 

drivers). Bus drivers show higher than nationally representative rates of obesity and 

obesity-related co-morbidities (323). Workers from the transport sector can be classified 

as “compulsory sedentary workers” and longer hours of sitting time are assumed. Bus 

drivers’ lifestyle, in combination with their working environment, represents a 

constellation of risk factors for cardiovascular disease (324). Both individual behaviour 

and environmental work variables contribute to the higher prevalence of obesity and the 

risk of excess weight gain among these occupational groups (320, 325). Given the 
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professional activity, bus drivers are subjected to extended and irregular shift work 

conditions, often consisting of 8-10 hour working days, usually beginning in the early 

hours of the morning with lengthy periods of sitting (326). This situation forces 

employees to be physically inactive during long work hours, resulting in a more sedentary 

lifestyle. Busy work schedules and lack of access to healthy food choices and 

opportunities for physical activity may predispose transport drivers to MetS (327, 328). 

Over time, prolonged sitting times could increase the risk of insulin resistance, metabolic 

and endothelial dysfunction (329, 330).  

Considering the high level of physical inactivity among the professional transport 

drivers due to the nature of the job, this current study investigated the prevalence of 

metabolic syndrome components considered relevant to the development of 

atherosclerosis in transport drivers in Gold Coast from the state of Queensland. In 

addition, the current study examined the relationship between metabolic abnormalities, 

oxidative stress and inflammatory biomarkers to highlight the potential role of 

inflammation and oxidative stress in the progression of metabolic syndrome and 

ultimately atherosclerosis. 
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3.1 General Aims  

General aims of this study were to assess the incidence of metabolic syndrome 

components in a population of at-risk as to results of their sedentary occupational 

lifestyle. In addition, the present study aimed to investigate the relationship between 

sedentary lifestyle, oxidative stress and inflammation with other risk factors. 

 

3.1.1 Specific Objectives 

A series of studies were performed to investigate the research question as follows: 

 To evaluate the risk factors of MetS among the sedentary occupational population 

and the impact of physical inactivity on their overall health in comparison with 

the healthy reference range for each parameter using the following markers: 

1. Central obesity with measuring BMI and waist-hip ratio (WHR) 

2. Blood glucose levels and HbA1c 

3. Blood pressure (BP) 

4. Lipid profile (total cholesterol, triglyceride, HDL-C, and LDL-C) 

5. Inflammatory marker with measuring hs-CRP  

6. Uric acid levels 

7. Physical activity (number of steps per day measuring with Fitbit) 

 

 To investigate the relationship between metabolic syndrome components, 

including BMI, lipid profile, physical activity, blood glucose, hs- CRP, and uric 

acid. 
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3.2 Methods 

3.2.1 Study Population and Inclusion Criteria 

Professional transport drivers from both sexes, aged between 33-72 years old were 

recruited from two transport companies (bus depots) around the Gold Coast by notices on 

the depot boards. The drivers were invited to participate in the research as they arrived at 

depot at their early morning shift. The criteria for inclusion in the study were that transport 

drivers agreed to participate in the study by signing an informed consent form after 

reviewing information sheets which included the study protocols explained in clear 

language, names of investigators, the procedures that involved, the confidentiality of their 

data and ethical conduct (Appendix 2, 3). The exclusion criteria were included renal 

disease, hypothyroidism, alcohol consumption and gout (Appendix 5). Parameters which 

could affect the integrity of the analysis, such as venipuncture difficulties were also 

considered during the recruitment process. Full blood examination (FBE) results were 

used in to evaluate the study participants’ general health assessment.  

 

3.2.2 Study Design 

The study was conducted to examine the prevalence of undiagnosed metabolic 

syndrome components among a population of transport drivers (Figure 9). Informed 

consent was obtained from all study participants, and the study protocols were approved 

by the Griffith University Human Research Ethics Committee (GU Ref No: METSC 

2012/750 HREC) before starting recruitment (Appendix 1). 

 

3.2.3 Definition of Metabolic Syndrome 

Metabolic syndrome was identified as the presence of three or more of the 

following components using the International Diabetes Federation (IDF) definition (331): 

(1) abdominal obesity (BMI > 25 kg/m2 and WC > 102 cm for male and  >80 cm for 

female); (2) a high triglyceride level ≥ 1.69 mmol/L (87); (3) HDL-C cholesterol level 

less than 1 mmol/L in men and 1.2 mmol/L in women (87); (4) blood pressure greater 

than 130 / 85 mm Hg; and (5) a high fasting plasma glucose concentration ≥ 6.1mmol/L. 
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Low-density lipoprotein cholesterol (LDL-C) was calculated by the Friedewald formula 

(90).  

 

 

Figure 9. Diagram of the study design 

 

3.2.4 Full Blood Examination (FBE) 

EDTA whole blood was analysed to measure all blood cell counts. Refer to 

Materials and Methods Chapter 2, Section 2.1.6. 

 

3.2.5 Biochemical Assay Methods 

Serum lipids, glucose, hs-CRP and UA were measured on Cobas Integra. Refer to 

Materials and Methods Chapter 2, Section 2.1.7. 

 

Volunteers Recruited 
(n = 90)

Assessment of Eligibility

Physical Activity Monitoring
Number of Steps per Day (by Fitbit)

Anthropometric Data:
Body Mass Index
Waist & Hip Circumference
Blood Pressure

Blood Tests:
Full Blood Examination (FBE) 
Lipid Profile
Fasting Blood Glucose & HbA1c
Inflammatory Marker (hs-CRP)
Uric Acid

Measurements 
(n = 79)

Enrollment

Analysis
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3.2.6 Physical Activity Monitoring 

A Fitbit device was provided to record physical activity and calories burned for all 

transport drivers who participated in this study achieved.  Participants were asked to 

check their Fitbit tracker to record how many steps they had at the end of the day. 

Participants were required to write down these numbers into a Fitbit Steps Record sheet 

for seven days, which were designated as working and non-working days (Appendix 4). 

Fitbit devices were bought from an online retailer and not through the manufacturer. The 

manufacturers of the Fitbit device had no role in the funding, design or conduct of the 

study, or analysis of the results. 

 

3.2.7 Sample Size 

This study planned for a continuous response variable from matched pairs of study 

subjects. Prior data analysis indicated that the difference in the response of matched pairs 

is normally distributed with a standard deviation of 0.54. Since the actual difference in 

the mean response of matched pairs is 0.2 (326), and the dropout rate was expected to be 

25%, 75 was chosen as the number of pairs of subjects to reject the null hypothesis that 

the response difference is zero with probability (power) 0.8 (calculated by PS power and 

sample size program). The Type I error probability related to the test of this null 

hypothesis is 0.05. 

 

3.2.8 Statistical Analysis 

The data were examined using SPSS version 22 (SPSS Inc., Chicago, IL, USA).  

Initially, data were studied descriptively, and descriptive statistics summarised socio-

demographic characteristics of participants. Absolute frequencies represented the 

categorical variables. The numerical variables were summarised with mean ± standard 

error of the mean (SEM). The differences between genders were assessed by Chi-square 

test or Independent t-test. Further analysis was performed using the bivariate association 

between MetS components via Pearson correlation coefficients where appropriate. 
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3.3 Result 

3.3.1 Demographics of Study Participants 

Demographic analysis of the study population was conducted involving 79 

apparently healthy transport drivers. Based on the demographic characteristics that are 

shown in Table 8, the participant's ages ranged from 33 to 72 years, (56.7 ± 0.97 years) 

and age groups between 40 to 55 and 55 to 69 presented with the highest percentage of 

participants, with 39.2% and 51.9% respectively. The gender distribution for the studied 

population was 17 females (21.5%) and 62 males (78.5%).  

Moreover, there were strong and positive correlation between BMI and WHR ( P-value 

= 0.000, r = 0.489), TG  ( P-value = 0.039, r = 0.236), hs-CRP (P-value = 0.000, r = 

0.462), uric acid (P-value = 0.002, r = 0.350) and negative correlation with number of 

steps in working days (P-value = 0.003, r = - 0.494). 

 

Table 8. Description of demographic characteristics in MetS population 
 

 

 

 

 

 

 

 

 

 

 

 

 

Variable         Frequency Percentage (%) 

Age group (Years) 

< 40 3 3.8 

40-54 31 39.2 

55-69 41 51.9 

70+ 3 3.8 

Missing 1 1.3 

Gender 

Male 62 78.5 

Female 17 21.5 
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3.3.2  General Evaluation  

In this study, a complete full blood examination (FBE) was performed to measure 

several components and features of the blood, including red blood cell count (RBC), white 

blood cell count (WBC), Hemoglobin (Hb), Mean platelet volume (MPV), and platelet 

count (Plt).  

The mean values of all components of the FBE results for the MetS population 

are presented in Table 9. Based on the RBC and Hb results, all participants were within 

the normal range between 3.8 × 1012 /L to 6.5 × 1012 /L for RBC, and Hb reference range 

between 130 – 180 g/L for men and females 120 – 160 g/L red blood cells. A WBC test 

that measures the number of white blood cells in the blood was performed, and the result 

showed that 93% of participants were distributed in the normal range, which is usually 

between 4 × 109 /L and 11 × 109 /L of blood. 

The Plt test was also used to detect the number of platelets in the blood, and data 

demonstrated that 87.8% of participants were distributed in the normal range from 150 × 

109 /L to 400 × 10 9 /L platelets of blood. However, seven participants had low PLT 

counts. From those with the low levels of PLT, three drivers dropped out of the study and 

the rest underwent further evaluation based on the information sheet and biochemistry 

results. Since no significant medical conditions were cited in their records, these 

participants were not excluded from the study. MPV is a measured amount of the average 

size of platelets found in the blood, and 85.1% of participants were distributed within the 

normal ranges between 6.0-10.0 fL (femtolitre). However, five participants had higher 

than average values for MPV. From those with high levels of MPV, four drivers dropped 

out of the study and the rest remained in the study after further evaluation with having no 

cited severe medical condition in the records.  

The study results showed that there were statistically significant differences 

between male and female participants concerning Hb, WBC and MPV values (P < 0.05). 

These differences are observed in Hb levels because men always have higher levels of 

mean red cell mass and Hb levels than women.  
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Table 9. Descriptive characteristics of FBE data statistics in MetS population 

 

Group Statistics   
  Gender N Mean P-value 
WBC (×109/L)        

  
Male 57 4.99 ± 0.05 

0.004 Female 16 4.66 ± 0.07 
RBC (×1012/L)        

  
Male 57 6.37 ± 0.18 

0.683 Female 16 6.54 ± 0.45 
Hb (g/L) 

  
Male 55 149 ± 1.48 

0.000 Female 15 136 ± 2.68 
MPV (fL)      

  
Male 57 209 ± 7.31 

0.007 Female 16 256 ± 18.6 
Platelets (×109/L)                     

  
Male 57 13.5 ± 3.60 

0.88 Female 16 14.6 ± 5.17 
 

Note:  WBC, White Blood Cell; RBC, Red Blood Cell; Hb, Hemoglobin; MPV, 

Mean Platelet Volume; PLT, platelet count. Data were presented as Mean ± SEM, 

between groups are significant with P-value < 0.05. 
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3.3.3 Anthropometric Measurements   

An initial survey of anthropometric measurements was conducted on 77 

participants (Table 10). These measurements were Body Mass Index (BMI; kg/m2) as a 

measure of total obesity and waist to hip ratio (WHR) as a marker of abdominal obesity.  

Based on these results, 63 out of 77 participants had BMI > 25, which includes 

both overweight and obesity in all grades (Figure 10A). In the study population, the level 

of obesity was categorised as 44.2% (n = 27) obesity class 1 (BMI 30- 34.99), 16.7% (n 

= 10) obesity class II (BMI 35-39.99), and 5% (n = 3) class III (BMI ≥ 40). In addition, 

there were no significant differences (P-value = 0.770 > 0.05) between baseline BMI in 

male drivers (30.6 ± 0.71, n = 61) and female drivers (31.02 ± 1.32, n = 16). 

Furthermore, Waist hip ratio can identify abdominal obesity and act as an 

indicator of CVD. WHR data showed that 85.2% (n = 52) male participants and 44% (n 

= 7) female participants had abdominal obesity with the cut-off points ≥ 0.9 in men and 

≥ 0.85 in women. Male participants (0.98 ± 0.009) also had significantly higher WHR 

than female (0.87 ± 0.28) with P-value = 0.000 (See Figure 10B). 

 

Table 10. Descriptive features of anthropometric statistics in MetS population 
 

       
Descriptive Statistics 

  N Minimum Maximum Mean 
Std. 

Error 
Std. 

Deviation 
Baseline body weight (kg) 77 55.3 138.5 93.1 2.0 17.60 
Baseline BMI (kg/m2) 77 21.3 46.8 30.6 0.6 5.45 
Baseline fat mass (%) 75 7.7 48.3 28.2 1.0 8.97 
Baseline daily calorie intake 
(kcal/day) 75 1878 5589 3125 75.8 656 
Baseline Triceps (mm) 76 9 48 21.2 1.0 8.69 
Baseline muscle mass (kg) 75 38.8 89.6 62.6 1.3 11.68 
Baseline Total body water (%) 75 38.9 66.7 51.9 0.7 6.04 
Baseline waist hip ratio 77 0.704 1.161 0.96 0.010 0.09 
Valid N (listwise) 75      
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A 

 

B       

                      

Figure 10. Distribution of BMI and WHR in MetS population 

A) Distribution of BMI data in MetS population (n = 77). B) Distribution of WHR 

data based on gender in MetS population for males (n = 61) and females (n = 16). Data 

were presented as Mean ± SEM; between groups are significant with P-value < 0.05; 

BMI, body mass index; WHR, waist-hip ratio. 
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3.3.4 Blood Pressure   

Blood pressure (BP) was measured as an important metabolic syndrome 

component in this study. The results showed that 81.5% (n = 62) of participants had BP 

higher than 120/80, which can be classified as 16.13% (n = 10) pre-hypertension (BP > 

130/80) , 75.81% (n = 47), stage 1 (BP > 140/90), 6.45% (n = 4) stage II (BP > 160/100) 

and 1.61% (n = 1) hypertensive crisis (BP > 180/110) (Figure 11). Thus, higher levels of 

hypertension were observed among sample populations of transport drivers, even higher 

than the prevalence of ~ 40% high blood pressure in the general Australian population in 

age 55-64 (332). Meanwhile, very strong associations were found between BP and HbA1c 

(P-value = 0.002, r = 0.425), WHR (P-value = 0.000, r = 0.457). 

In addition, the mean systolic and diastolic blood pressure (SBP & DBP) for male 

drivers (SBP 138 ± 1.94 mmHg, DBP 88 ± 1.46 mmHg, n = 61) showed no significant 

differences to female drivers (SBP130 ± 16.14 mmHg, DBP 83 ± 3.52 mmHg, n = 17) at 

P-value > 0.05.  

 

Figure 11. Distribution of BP results in MetS population. 

Ref. SBP, the reference value for systolic blood pressure; Ref. DBP, the reference value 

for systolic blood pressure.  
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3.3.5 High-Sensitivity C-Reactive Protein (hs-CRP)   

Elevated C-reactive protein level is a common way to measure of inflammation 

associated with MetS. The distribution of serum hs-CRP concentration data in 

comparison with the healthy reference range is shown in Figure 12. As presented in this 

figure, 37% (n = 27) of the 73 participants involved in this study had elevated 

inflammation with hs-CRP between 3.0 to 9.9 mg/L. Furthermore, subjects who were 

obese with hypertension tended to have higher serum concentrations of hs-CRP. 

Moreover, the present study indicated that there was significant positive 

correlations between CRP and BMI (P-value = 0.000 and r = 0.526), TG (P-value = 0.010, 

r = 0.290), uric acid (P-value = 0.000, r = 0.399), and negatively correlated with physical 

inactivity (P-value = 0.005, r = -0.479). 

 

Figure 12. Distribution of hs-CRP results in MetS population. 

Note: hs-CRP, High-Sensitivity C-Reactive Protein; Ref. value, the reference value for 

hs-CRP. Elevated CRP is defined as a value > 2.8 mg/L.  
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All the data have been plotted as dot points to demonstrate the nature of the spread 

of the hs-CRP values by gender and presented in Figure 13. As shown in this figure; there 

was no significant difference with the mean value between male (2.3 ± 0.2 mg/L) and 

female participants (2.6 ± 0.6 mg/L). Among the participants, there were two outliers with 

CRP > 8.0 mg/L, which could be accounted for high values of hs-CRP and SEM in this 

group and presented in the graph.  
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Figure 13. Distribution of hs-CRP based on gender in MetS population 

Note: hs-CRP, High-Sensitivity C-Reactive Protein for males (n = 60) and females (n = 

17); between groups are significant with P-value < 0.05. 
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3.3.6 Serum Uric Acid 

Uric acid (UA) is a marker of increased CVD risk and endogenous antioxidant 

levels. According to the current study data in comparison with the healthy reference 

range, 27% (n = 15) of men and 12% (n = 2) of women had hyperuricemia. Serum levels 

of UA > 430 µmol/L for men and > 360 µmol/L for women should be considered a "red 

flag" for the risk of developing atherosclerosis. In addition, there were very significant 

positive correlations found between uric acid and CRP (P-value = 0.000, r = 0.309), BMI 

( P-value = 0.008, r = 0.311), LDL-C (P-value = 0.013, r = 0.288), TG (P-value  = 0.008, 

r = 0.319), with negative correlation with physical inactivity (P-value = 0.019, r = -0.411). 

Also, data have been plotted as dot points based on gender and presented in Figure 

14. As displayed in this Figure; there was a significant difference (P-value = 0.0005) with 

the mean value between male (373 ± 12.3 µmol/L) and female participants (284 ± 14.6 

µmol/L). Generally, the serum UA levels in male were higher than in female due to some 

gender-related factors (333). Among the participants, there were two outliers with a high 

value of UA > 590 µmol/L could be accounted for high UA values in this group and 

presented in the graph. 
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          Figure 14. Distribution of UA based on gender in MetS population 

Note: UA, uric acid for males (n = 57) and females (n = 16); *** P-value < 0.001. 
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3.3.6 Fasting Blood Glucose (FBG) and HbA1c 

Fasting Blood Glucose (FBG) and HbA1c tests are used as the predictors of 

diabetes. The distribution of FBG levels in participants presented in Figure 15 revealed 

that 17.8% (n = 13) participants had hyperglycaemia based on diagnosis ranges (FBG > 

5.5 mmol/L) for blood glucose recommended by The Royal Australian College of 

General Practitioners (65). Within this group, 10.8% (n = 7) had undiagnosed pre-diabetes 

(FBG 5.5 to 9 mmol/L) and 7% (n = 5) had undiagnosed diabetes (FBG ≥ 7 mmol/L). In 

addition, there was a relationship between FBG and TG (P-value = 0.020, r = 0.264). 

HbA1c has implemented another measure of glycemic index confirmed that 25% 

(n = 13) of the MetS population had elevated glucose level (> 5.5%), and at least two 

participants with HbAlc > 6.5%. None of the participants had an HbA1c level above 7 %. 

 

 

 

Figure 15.  Distribution of FBG in MetS population 

Elevated FBG is defined as a value FBG > 5.5mmol/L. 
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All the FBG data have been plotted as dot points based on gender and presented 

in Figure 16. As demonstrated in this Figure; there was no significant differences (P-

value = 0.206) for the FBG values between male (4.65 ± 0.15 mmol/L) and female 

participants (4.27 ± 0.22 mmol/L). Among the male and female participants, there were 

seven outliers with a high value of FBG > 7 mmol/L that could be considered very high 

FBG values in this group and presented in the graph.  

 

                   

Male

Fe
male

0

2

4

6

8

10

FB
G 

(m
m

ol
/L

)

                     

                           

Figure 16. Distribution of FBG based on gender in MetS population 

Note; FBG, fasting blood glucose for males (n = 61) and females (n = 17); between groups 

are significant with P-value < 0.05. 
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3.3.7 Lipid Profile 

The blood lipid profile and LDL/HDL-C ratio are two important indicators of 

cardiac risk assessment and metabolic syndrome. The results in Figure 17 showed that 

23% of participants had hypercholesterolemia (total serum cholesterol > 5 mmol/ L), 23% 

had high triglycerides (TG > 1 mmol/L), and 72% (n = 54) had low high-density 

lipoprotein (HDL-C > 1mmol/L). Moreover, lipid profile results were examined based on 

the gender in MetS population. The analysis of data indicated that there were no 

significant differences in TG (P-value = 0.155), LDL (P-value = 0.452), and cholesterol 

(P-value = 0.475), values between men and women. However, there was a correlation 

between LDL-C and UA (P-value = 0.013, r = 0.288), TG and UA (P-value = 0.008, r = 

0.309), TG and CRP (P-value = 0.010, r = 0.290). 

In addition, HDL-C and LDL-C are components of total cholesterol and better 

risk indicators for CVD than the individual parameters. The results indicated that over 

70% (n = 12) of female and 50% (n = 30) of male drivers had higher LDL/HDL ratios of 

> 2 in women and > 2.5 in men (Figure 18 A and B). 

           

                                   

Figure 17. Lipid profile abnormalities in MetS population 
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B 

 

 

Figure 18. The result of the LDL/HDL ratio by gender in MetS population 

A) Distribution of LDL/HDL ratio results for female transport drivers  

B) Distribution of LDL/HDL ratio results for male transport drivers 
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3.3.8 Physical Activity  

Physical inactivity is another modifiable risk factor for insulin resistance and 

metabolic syndrome. The results showed that average steps are fewer than the 

recommended normal average of 10000 per day. There was a significant difference 

between mean steps in a working day and a non-working day (7657 ± 552, 8398 ± 601 

steps, P-value = 0.000). In addition, there were very strong negative correlations found 

between number of steps and BMI (P-value = 0.003, r = - 0. 494), hs-CRP (P-value = 

0.005, r = -0.479), uric acid (P-value = 0.001, r = -0.411). 

All physical activity data have been plotted as dot points based on gender and 

presented as the difference between steps in working day and non-working day (Figure 

19). As demonstrated in this Figure; there were no significant differences (P-value = 

0.410 and 0.650) with the mean values between the number of steps on working day and 

non-working day based on the gender. 
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Figure 19. Distribution of the number of steps based on the gender  

Note: The number of steps for males (n = 27) and females (n = 9) for working and non-
working days; between groups are significant with P-value < 0.05. 
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3.4 Discussion 

The main finding of this current study is that the sedentary occupational 

population shows an increase in the prevalence of multiple risk factors for MetS that put 

them at risk for cardiovascular events. There are also similar studies on this topic around 

the world with same results that highlight that the sedentary lifestyle and physical 

inactivity in living and working conditions can increase the risk for cardiovascular 

diseases (Figure 20). 

The full blood examination (FBE) results were initially used for a general 

evaluation of individual health in comparison with the healthy reference rage. The healthy 

reference ranges were established by the Royal College of Pathologists Australia (334). 

In this study, a complete blood count test measures several components and features of 

the blood, including RBC, WBC, Hb, MPV and Plt. Abnormal rises or decreases in cell 

counts as revealed in a complete blood count indicate an underlying medical condition 

that needs further evaluation. A PLT lower than normal (thrombocytopenia) or higher 

than normal (thrombocytosis) is often a sign of an underlying medical condition or a side-

effect of medication. MPV is an amount of average size of platelets found in the blood.  

If the RBC and Hb measure is lower than normal, it may indicate underlying anaemia. A 

high RBC (erythrocytosis) could point to an underlying medical condition, such as 

polycythemia vera or heart disease. An autoimmune disorder or cancer may cause a low 

white blood cell count (leukopenia), and a high WBC can indicate an infection or 

inflammation by an immune system disorder or a reaction to the medication. The results 

indicated that the majority of participants were inside the normal reference ranges.  

The BMI measurements of the transport workers showed an incidence of 

overweight or obesity of 81.8%, which was above the national average of 63.4%,  

reported for Australian adults (335). The high prevalence of BMIs values among the study 

population was similar to findings from other studies regarding other groups of drivers 

(336, 337). However, the rate of increased BMI (81.8%) and WHR (85.2% in men and 

44% in women) were higher than in other studies conducted in drivers from Hong Kong 

(51.2%) and Brazil (58.2%) (272, 273). Abdominal obesity, as an accumulation of 

visceral fat, is a significant risk factor within a cluster of metabolic syndrome components 

(338). Thus, the results of this study are alarming as transport drivers presented with a 
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greater prevalence of obesity than in the general population. Furthermore, there were 

strong and positive correlations between BMI and WHR, TG, hs-CRP, uric acid and a 

negative correlation with the number of steps in working days. It can be inferred that a 

rise in the BMI level associated with a significant increase in abdominal obesity, lipid 

profile abnormality, accompanied by a very significant rise in inflammation and oxidative 

stress as measured by CRP and UA, respectively. UA is an antioxidant, however when 

levels increase; it can act indirectly as an oxidative stress marker. However, there are also 

other causes of increasing UA in the body such as renal disease, hypothyroidism and gout, 

which are not relevant here due to the study exclusion criteria.  

Furthermore, visceral adipose tissue has increased endocrine and paracrine 

activity and is related to the secretion of proinflammatory factors such as C-reactive 

protein (CRP) and other substances that contribute considerably to the progression of 

vascular injury and other hemodynamic and metabolic changes (339, 340). The hs-CRP 

results showed that, 37% participants involved in this study had elevated hs-CRP levels 

with no significant difference between gender. The present study also indicated that there 

were significant positive correlations between CRP and, TG, uric acid, and negatively 

correlated with physical inactivity. Hence, obese individuals with higher BMI levels 

showed higher CRP serum concentrations than normal individuals. This finding of a 

significant association between CRP and BMI is in agreement with previous results 

observed that BMI most strongly correlated with CRP concentration (341). Moreover, 

there was a relationship between UA and CRP, suggesting that inflammation can be 

influenced by oxidative stress. 
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Figure 20. Mechanisms whereby physical inactivity promotes CVD. 
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relationship between oxidative stress and metabolic syndrome components, suggesting 

an increased UA levels may represent a biomarker of chronic inflammation and 

dyslipidaemia.   

The prevalence of hypertension among transport drivers in this study was high 

(82.5.2%), and with no significant difference between gender. This prevalence is greater 

than the prevalence reported in the Australian adult population (34%) (332). Thus, there 

was a higher risk of the development of CVD regarding this profession compared to the 

general population. Meanwhile, very strong associations were found between BP and 

HbA1c, and WHR, suggesting that abdominal obesity and long-term hyperglycemia exert 

an influence on BP.  

The prevalence of abnormal blood glucose values (17.8%) was more significant 

than the prevalence that was discovered in other studies conducted with truck drivers 

(336, 337, 344). However, the diagnostic technique for measuring glucose levels used in 

these previous studies was a fasting glucose test, which is a test for the short-term 

measurement of glucose levels. In this study, HbA1c was also measured to confirm the 

presence of long-term hyperglycaemia in the studied population. The result showed that 

25% of participants had high levels of HbA1c, which confirmed the presence of long-

term hyperglycaemia in these individuals. In addition, there was a relationship between 

FBG and TG, highlighting the interconnection between glucose level and lipid profile 

abnormalities. 

Similar to the other risk factors, the overall cholesterol profile for transport drivers 

were poor and generally supported our first hypothesis. It was found that 23% of 

participants had hypercholesterolemia and high triglyceride levels with no gender 

differences. Moreover, the vast majority (72%) of drivers had a low high-density 

lipoprotein (HDL < 1 mmol/L in men and 1.2 mmol/L in women) level, which was lower 

than that found in another similar study (66.4%) in long-haul truck drivers (345). Low 

HDL– C has been reported to be an important indicator of cardiovascular disease risk  

(346), suggesting that in this study, transport drivers have elevated atherosclerotic risk. 

Finally, the ratio of total cholesterol to HDL cholesterol in this sample was problematic, 

with over 70.6% of female and 50% of male drivers having ratios which indicate a tripling 

and doubling in women and men respectively of the average risk for heart disease (345, 
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347). There were correlations between LDL-C and UA, TG and UA, TG and CRP. The 

existing correlations between LDL, TG, CRP and UA confirmed the relationship between 

oxidative stress, inflammation and lipid profile abnormality. 

The present study examined physical activity and sedentary behaviour patterns by 

measuring the number of steps per day. The results from this analysis revealed that 

transport drivers who participated in this study accumulated considerably higher volumes 

of daily sitting on workdays with no gender differences. Since there was no significant 

difference between mean steps in a working day and a non-working day, participants also 

accumulated higher volumes of sitting time during non-workdays. These findings support 

a recent result, which shows that those who are highly sedentary during working hours 

also acquired high levels of sitting time during their non-working hours on workdays 

(348). There were very strong negative correlations found between number of steps and 

BMI, hs-CRP, uric acid that supports the study hypothesis that sedentary lifestyle 

increases oxidative stress and inflammation. 

Based on the current study finding, it can be concluded that occupational sitting 

time is associated with metabolic disorders among transport drivers. Moreover, this study 

indicates that UA and CRP are related to BMI and long duration of sitting time. Therefore, 

this population group is at a considerably higher risk of developing CVD. Theoretically, 

the most direct impact of passive sitting is lack of movement of the upright large skeletal 

muscles in the trunk,  back and legs (349). This behaviour reduces the muscular activity 

of the lower extremities which decreases leg blood flow, increases blood pooling in the 

calf, boosts mean arterial pressure and deforms segments of blood vessels, resulting in 

low mean shear stress (SS) (350). SS activates a physiological mechanism through an SS-

induced endothelium-derived NO mechanism which has been proposed to be protective 

against coronary artery disease (351). Reduced bioavailability of NO creates a pro-

oxidant environment resulting in increased oxidative stress (Figure 21). There is adequate 

evidence which demonstrates that endothelial function is reduced in the presence of 

oxidative stress (352). Thus, sedentary activity results in low SS in the lower extremities, 

which may result in increased oxidative stress and impaired endothelial function (ED). 
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Figure 21. The role of oxidative stress in the progression of ED 

ED, Endothelial Dysfunction; ROS, reactive oxygen species; NO, nitric oxide. 
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3.5 Conclusion 

It can be inferred from the current study results that sedentary occupations are 

highly vulnerable to developing atherosclerosis due to several metabolic syndrome risk 

factors that persist in this cohort of individuals. No significant gender differences were 

also observed for all variables measuring including blood pressure, inflammatory 

biomarker, blood glucose level, lipid profile and physical activity. This research 

highlights that transport drivers are an at-risk occupational group since the present sample 

of transport drivers have long duration of sitting at work and outside work and display an 

unhealthy cardiovascular profile. The amount of sedentary time they accumulate has been 

found to be very high, which, combined with the lack of physical activity seen in this 

sample, puts them at high risk of associated comorbidities. As this sedentary lifestyle is 

compulsory as a nature of their job, the necessity for therapeutic or life style modification 

interventions is urgently needed to ameliorate cardiometabolic risk factors. 

In addition, the present study shows that UA as a marker of compensatory 

oxidative stress was significantly associated with CRP an inflammatory marker and lipid 

profile abnormalities highlighting the possible role of oxidative stress in metabolic 

syndrome. This result suggests that antioxidants have a potential role to play as a 

preventive approach for the high-risk populations. Meanwhile, this information could be 

applied to develop strategies and interventions targeted at the prevention of 

atherosclerosis and the promotion of the general health and wellbeing of these workers. 
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3.6 Strengths and Weakness  

This study provides information about how physical inactivity and sitting time 

can influence the metabolic syndrome components in a sample of transport drivers from 

Australia. A strength of the present study is the use of an objective measurement tool 

(Fitbit) to directly assess physical inactivity, avoiding the limitations of bias and recall 

familiar with self-report measures.  

Nonetheless, this study is not without limitations. Provided the pilot nature of the 

current study, limitations of this work include the relatively small sample, the lack of a 

and control group. The sample was recruited from two depots in the Gold Coast and 

voluntarily non-random basis. Moreover, drivers with a higher risk for developing 

cardiovascular diseases might have been attracted to the study, causing bias in the results. 

Another concern is the small proportion of female drivers (21.5%), although it may 

probably reflect the gender distribution of the driver population. Nonetheless, the current 

findings suggest that those with driving occupations should be a priority group for future 

health behaviour surveillance studies and intervention. Further studies should assess the 

long-term benefit and cost-effectiveness of regular health screening of professional 

drivers and health promotion interventions. 
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4.0 Introduction 

Metabolic syndrome (MetS) is a complicated risk factor for atherosclerotic 

cardiovascular disease (68). The prevalence of MetS is approximately 34.6% in the 

United States (353) and 12.8–41.1% in Asia (23). A study showed that MetS is associated 

with vascular morbidity and mortality (25). Endothelial dysfunction seems to play an 

essential role in the pathogenesis of atherosclerosis (96, 354). A prospective cohort study 

indicated that endothelial dysfunction predicts vascular events in patients with or without 

the established vascular disease (354). Endothelial dysfunction also seems to be involved 

in the pathogenesis of T2DM (355-357). Since all components of MetS have 

unfavourable effects on the endothelium (358-362), endothelial dysfunction might be 

more prevalent in patients with MetS and could play a role in the increased risk for 

vascular disease and T2DM in this population.  

 

Endothelial dysfunction (ED) is the first step in the development of an 

atherosclerotic plaque and occurs as a result of the local inflammatory response to 

oxidative stress (363). Atherosclerosis is a chronic inflammatory condition, and increased 

levels of H2O2 are associated with oxidative stress (96, 364). Endothelial cells are exposed 

to H2O2 have a higher amount of O2., suggesting that H2O2-induced oxidative stress may 

be a practical model for atherosclerosis (365, 366). Since oxidative stress is associated 

with the progression of atherosclerosis (367), development of an in vitro model for the 

early stages of atherosclerosis is a current necessity. An in vitro H2O2-induced oxidative 

stress model will improve the understanding of the development atherosclerosis and allow 

for improved treatments.  

 

Glutathione gamma-glutamyl-cysteinyl glycine) a three-amino-acid peptide, is an 

abundant antioxidant which defends against oxidative stress in eukaryotic cells (368, 

369). Most glutathione exists in the reduced form (GSH) in which the sulfhydryl group 

of the cysteine is not linked in a disulphide linkage to other glutathione (370). A small 

percentage of glutathione is oxidised and presents as a dimer of two of the peptide 

elements linked by a disulfide bond between the cysteines present in both molecules. 

Oxidised glutathione (GSSG) is an indicator of cell health and oxidative stress (371). 

Particular chemicals react with GSH to form adducts or to increase the GSSG levels, 
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decreasing the ratio of reduced to oxidised glutathione (GSH/GSSG). Amounts of both 

GSH and GSSG are useful in experimental systems because changes in the GSH/GSSG 

ratio are associated with human disease and cell signalling events (372) (373). 

 

In addition, endothelial dysfunction or injury is considered the primary cause of 

several diseases, including atherosclerosis (174) and thrombosis (374). Thus, agents that 

induce injury and dysfunction in the vascular endothelium are also believed to be a 

reasonable model for atherosclerosis. Lipopolysaccharide (LPS) is considered a trigger 

of EC injury and its associated syndromes due to it being an integral part of the outer 

membrane of gram-negative bacteria (375). LPS stimulation affects multiple EC 

functions in vitro, including viability, apoptosis, and acute inflammation through the 

increased production of tumour necrosis factor-(TNF-) 𝛼𝛼 and interleukin-(IL-) 6 synthesis 

(376, 377). 

 

Anthocyanins as potential antioxidants are water-soluble pigments that are 

naturally distributed in plant tissues and impart red to purple colours in fruits and 

vegetables (378). The protective effects of anthocyanins in preventing oxidative stress 

(379), pro-inflammatory signalling (380),  apoptosis (381), and cell proliferation (382) 

have been previously demonstrated. Clinically and experimentally, endothelial 

dysfunction can be repaired by several mediators, including blockers/inhibitors of the 

renin-angiotensin-aldosterone system (383), as well as statins (384). Nevertheless, it 

would be inappropriate, to use improvement of endothelial function as a replacement to 

predict a decrease in cardiovascular morbidity and mortality. However, a clear 

understanding of the processes of endothelial dysfunction in metabolic syndrome may 

allow the development of preventive and early therapeutic measures targeting 

cardiovascular disease.  

Based on the finding from the previous study, there was a strong relationship 

between atherosclerosis risk factors, oxidative stress and inflammation. It can be 

hypothesised that anthocyanins with having both anti-inflammatory and antioxidant 

activities may be instrumental in preventing the adverse effects of endothelial dysfunction 

by reducing oxidative stress and /or inflammation. Therefore, in the current the in vitro 

study the impact of anthocyanins was investigated on biomarkers of acute oxidative stress 

and inflammation which were generated by H2O2 and LPS, respectively, in healthy 
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(HAEC) and diabetic (D-HEAC) endothelial cell lines. These were primary cells 

collected from the diabetic and healthy donors and stored by Lonza Australia Pty Ltd. 

before being commercially sold. The anti-inflammatory and antioxidant effects of 

anthocyanin were compared in both these cell lines. 

 

4.1 General Aim and Hypothesis 

The primary aim of the current study was to examine the antioxidant and anti-

inflammatory effects of anthocyanin compounds, derived from berries on normal 

(HAEC) and diabetic (D-HAEC) endothelial cell lines.  It was hypothesised that 

anthocyanin supplements would increase antioxidant enzyme activity measured by the 

GSH/GSSG ratio as a marker of cellular oxidative stress and reduce of inflammatory 

marker IL-6 following acute inflammation induced by LPS and oxidative stress induced 

by H2O2 in HAEC and D-HEAC human endothelial cells.  

 

4.1.1 Specific Objectives 

A series of quantitative methods were designed and conducted to investigate the 

following research questions:  

 

 To evaluate the effect of anthocyanin compounds under H2O2-induced oxidative 

stress on the activity of antioxidant enzymes by measuring glutathione-S-

transferase (GST) and glutathione oxidase (GSSG) in HAEC cells 

 To evaluate the effect of anthocyanin compounds under H2O2-induced oxidative 

stress on the activity of antioxidant enzymes by measuring glutathione-S-

transferase (GST) and glutathione oxidase (GSSG) in D-HAEC cells 

 To evaluate the effect of anthocyanin compounds under LPS-induced 

inflammation on the activities of pro-inflammation cytokines by measuring IL-6 

in HAEC cells  

 To evaluate the effect of anthocyanin compounds under LPS-induced 

inflammation on the activities of pro-inflammation cytokines by measuring IL-6 

in D-HAEC cells 



81 

 

4.2 Materials and Methods 

4.2.1 Preliminary Studies 

Some basic techniques in cell culture were required in this study to validate the 

models of oxidative stress prior to experiments to examine anthocyanin-mediated 

antioxidant activity.  

Many different models of oxidative stress have been used in cell culture 

experiments (385), but it was deemed necessary to identify conditions that would generate 

inflammation to facilitate the measurement of any protective effects of the antioxidants. 

The aims of the experiments in this section were to: 

 

 To establish a working protocol for endothelial cell culture 

 To identify the limit for passage number  

 To develop a reproducible model of oxidative stress and inflammation 

 To identify an appropriate concentration of anthocyanin. 

 

 

4.2.2 Chemicals and reagents 

Hydrogen peroxide (H1009 cell-culture grade), Lipopolysaccharide (LPS) (Cat. 

No L4391), and Sterilised Water, (Cat. NoW3500) were purchased from Sigma-Aldrich. 

Trypsin/EDTA solution (Cat. No CC-5012), HEPES Buffered Saline (CC-5022) reagent 

Trypsin Neutralising Solution (Cat. No CC-5002) were obtained from Lonza Australia 

Pty Ltd. Anthocyanin capsules were from Medox (Polyphenols AC, Sandnes, Norway).   
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4.2.3 Endothelial Cell Lines   

Human Aortic Endothelial cells (HAEC) and Diseased Human Aortic Endothelial 

Cells – Diabetes Type II (D-HAEC) have been isolated from normal and type 2 diabetes 

donors and can be used in vitro to investigate for disease mechanism in cardiovascular 

research. HAEC (Lot Number, 0000351486) and D-HAEC (Lot Number, 0000253459) 

were purchased from Lonza Australia Pty Ltd with Cryopreserved passage number three 

and 5000 cells/cm2 seeding density upon thaw. The clinical information about the donors 

was tabulated in Table 11. Both cell populations could be doubled at seven times at the 

conditions provided by Lonza. 

 

 

Table 11. Clinical information on the donors 

 

Cell 
Type    Age Gender  Race  Medication 

Duration 

of disease    Insulin Smoking BMI 

D-
HAEC      54Y M C Januvia > 10 years N N 36 

HAEC 50Y M C Advair & Albuterol  N/A N Y 28 

  

 

Note. D-HAEC, Diseased Human Aortic Endothelial-Diabetic Type II; HAEC, Human 

Aortic Endothelial; Y, Yes; M, Male; C, Caucasian; N, Not; N/A, Not Applicable.  

 

 

4.2.4 Cell growth System Components 

Clonetics™ EGM™-2 BulletKit™ (Lonza Catalog No. CC-3162) used for in this 

study contained 500 ml of Endothelial Basal Medium-2 (EBM™-2 Medium) and 

Vascular Endothelial Growth Factor (VEGF) for the rapid proliferation of human, large 

vessel, endothelial cells.    

EGM-2 endothelial cell growth medium was supplemented with 2% of Fetal 

Bovine Serum (FBS), 0.1% of human Epidermal Growth Factor (hEGF), 0.1% of 
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Vascular Endothelial Growth Factor (VEGF), 0.1% of R3-Insulin-like Growth Factor-1 

(R3-IGF-1), 0.1% of Ascorbic Acid, 0.04% Hydrocortisone, 0.4% of human Fibroblast 

Growth Factor-Beta (hFGF-β), and 0.1% Gentamicin/Amphotericin-B (GA). Cells were 

seeded into T-25 flasks (Corning, Corning, NY, USA) coated with 5% gelatine and grown 

to reach confluency in a humidified atmosphere of 5% CO2 at 37°C. 

For passaging, HEPES-Buffered Saline Solution was used to neutralise the 

complex proteins by calcium and magnesium-free Hanks balanced saline solution in a 

growth medium. It inactivated trypsin folloing trypsinisation. In addition, Trypsin/ EDTA 

solution (0.05% trypsin, and 0.02% EDTA), a highly active bovine enzyme preparation 

was used to remove cells from the culture vessel surface into suspension with working 

concentration of 0.025% in a balanced salt solution, without containing calcium or 

magnesium at a pH of 7.6 - 7.8.  After treatment, trypsin activity can be stopped by adding 

Trypsin Neutralising Solution (TNS) to neutralise Trypsin/EDTA effectively. The culture 

medium was replaced every two days until the cells attained confluence.  

 

4.2.5 Cell Viability with Trypan Blue Exclusion Method 

Trypan blue exclusion was utilised to assess cell viability. Trypan blue is a vital 

dye that selectively stains dead cells. Trypan blue is excluded from viable cells (i.e. those 

with intact membranes) because it is negatively charged. Dead cells appear as a distinctive 

blue colour, which can then be visualised under light microscopy (386). Trypan blue was 

added to the cells and cells were counted under light microscopy (Leica DM 1750 M 

Upright Reflected Light Microscope) according to whether or not they take up the dye. 

Blue cells will ascertain the number of dead cells and were expressed as a percentage of 

the total cell count in the field. 
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4.2.6 Exposure to Exogenous H2O2 

H2O2 is a relatively weak oxidising agent and is thought to play a role in signalling 

as it is continually produced in most cells. At low concentrations, physiologically it is 

known to promote cell proliferation and suppress apoptosis (186).  

To generate the intracellular generation of ROS, D-HAEC and HEAC cells were 

seeded into 25 flasks (5×105 cells/dish) overnight. The cells were exposed to different 

concentrations of H2O2, including 75 µM, 150 µM and 300 µM, and incubated for 30 

minutes (387, 388).  

 

4.2.7 LPS-induced Acute Inflammation 

Generation of acute exogenous inflammation in endothelial cells in vitro is 

commonly mediated by lipopolysaccharide (LPS)  (389). Since LPS is a fundamental part 

of the outer surface membrane components present in almost all gram-negative bacteria, 

it can act as a potent stimulator of innate or natural immunity in humans (390). Thus, LPS 

is considered a trigger of inflammation on endothelial cells and its associated syndromes 

(391). LPS stimulation alters multiple endothelial cell functions, including viability, 

apoptosis and inflammation (392).  

 

Bacterial lipopolysaccharide (LPS)-mediated immune responses in activated 

endothelial cells was observed a concentration of 1 microgram/ml (393). Accordingly, D-

HAEC and HEAC cells were seeded in 200 μl complete medium with a density of 3 ×103 

cells/well in 96-well plates. After growing to confluency to induce LPS-stimulation, 

media was aspirated, LPS at the concentration of 1 µg/ml was added to each well, and 

plates incubated for an hour. 

 

 

 

 

 



85 

 

4.2.8 Cell Treatment 

Medox is a veg-encapsulated anthocyanin extract from wild Norwegian bilberries 

and blackcurrants manufactured in Norway by MedPalett Pharmaceuticals and the 

Biolink Group. The Medox capsules contain 80 mg purified anthocyanins isolated from 

bilberries (Vaccinium myrtillus) and blackcurrant (Ribes nigrum) that contains different 

natural components (Table 12). The purification analysis for this capsule is in Appendix 

6. 

 

Table 12. Chemical components of anthocyanin capsule 

 

 

 

 

Since anthocyanins are water-soluble pigments, cell culture media was used to 

dissolve anthocyanin capsules ingredients.  Cells were treated to different concentrations 

of anthocyanin, including 50 µl/ml, 100 µl/ml, 200 µl/ml and 400 µl/ml, and incubated 

for 24 h. Cell viability was measured in a concentration‐dependent manner using the 

Green Toxicity Assay. 

 

 

 

Basic Structure Anthocyanin R3′ R4′ R5′ R3 R5 R6 R7 %
Cyanidin −OH −OH −H −OH −OH −H −OH 32%

Delphinidin −OH −OH −OH −OH −OH −H −OH 58%

Petunidin −OH −OH −OCH −OH −OH −H −OH 2.5%

Peonidin −OCH −OH −H −OH −OH −H −OH 2.5%

Malvidin −H −OH −H −OH −OH −H −OH 3.0%

Pullulan, Maltodextrin & citric acid                               2.0%To maintain the stability of anthocyanins
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4.2.9 Cell Viability Assays by CellTox Green Cytotoxicity 

The Celltoxtm Green Cytotoxicity Assay was used to measure changes in 

membrane integrity, which occur because of cell death. This assay assesses cytotoxicity 

in cell culture after experimental manipulation. The assay system applies an exclusive 

asymmetric cyanine dye that is excluded from viable cells but preferentially stains the 

dead cells’ DNA (Figure 22). When the cyanine dye binds DNA in compromised cells, 

the dye’s fluorescent properties are considerably enhanced. Viable cells generate no 

appreciable amplifies in fluorescence. Hence, the fluorescent signal generated by the dye 

binding to the dead-cell DNA is proportional to cytotoxicity. The dye can be diluted in 

culture medium and delivered directly to cells at dosing and viability was measured 

colourimetrically. 

 

               

Figure 22. Green cell viability principal of assay  

(Source: Personal collection) 

Promega’s CellTox™ cytotoxicity assay was used to investigate the cytotoxic 

effect of both H2O2 and anthocyanin supplements on HAEC and D-HAEC endothelial 

cells. Cells were seeded in a 96-well plate at a concentration of 3 × 10 3 cells/well and 

allowed to adhere overnight. Green dye was combined with assay buffer to make 2X or 

Multiplex Reagent. Then, fifty microlitres of this reagent containing 1:1000 CellTox 

green dye was added to cells and incubated for 15 minutes shielded from light before the 

plate was read applying an excitation wavelength of 485 nm and an emission filter of 520 

nm on Tecan Infinite M Plex.    

Viable Cell

Low Fluorescence

Nonviable Cell

High Fluorescence
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4.2.10 Quantitative Measurement of GSH/GSSG 

The GSH/GSSG ratio was determined using the GSH/GSSG-Glo assay (Promega,  

Madison, WI) according to the manufacturer’s protocol. For quantitative measurement of 

glutathione (GSH) and glutathione disulfide (GSSG), the GSH/GSSG-Glo assay as a 

luminescence-based system is used to detect and quantify total glutathione (GSH + 

GSSG), GSSG and GSH/GSSG ratios in cultured cells. GSH-dependent alteration of a 

GSH probe, Luciferin-NT, to luciferin by a glutathione S-transferase enzyme is attached 

to a firefly luciferase reaction (Figure 23). Light from luciferase depends on the quantity 

of luciferin formed, which in turn depends on the quantity of GSH present. Hence, the 

luminescent signal is proportional to the amount of GSH.  

Briefly, both HAEC and D-HAEC cell lines were plated with a density of 7 × 103 

(based on the manufacturer's protocol optimised the assay for cell densities) onto 96-well 

opaque flat-bottom plates.  Cells were incubated overnight in a 5% CO2 at 37°C culture 

incubator to allow cell attachment and subsequently stimulated with hydrogen peroxidase 

75 µM to generate oxidative stress for 30 min before treated with anthocyanin supplement 

for 24h (50 µM). Measurement of total glutathione (GSH + GSSG) or oxidised 

glutathione (GSSG) was accomplished after cell lysis according to the manufacturer’s 

instructions (Promega, Madison, WI). Both GSH and GSSG levels were determined 

against standard GSH according to manufacturer’s instructions. The GSH standard curve 

allows conversion of luminescence (in RLU) to GSH and GSSG concentrations and data 

were plotted as GSH/GSSG ratio.  

 

 

Figure 23. GSH/GSSG-Glo assay principal 

(Source: Personal collection) 
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4.2.11 Cytokine Measurement  

A multiplex biometric immunoassay, containing fluorescent-dyed microspheres 

conjugated with a monoclonal antibody specific for a target protein, was used for cytokine 

measurement according to the manufacturer's instructions (Bio-Plex Human Cytokine 

Assay; Bio-Rad Inc., Hercules, CA, USA). Cytokines were measured in this assay, 

including interleukins IL-1β, IL-6, IL-18 and tumour necrosis factor TNF-alpha.  

Briefly, cells (1×105) seeded onto 96-well plates were incubated for 24h to allow 

cell attachment and subsequently stimulated with LPS (1µg/ml) to induce inflammation 

for one hour before treating with anthocyanin supplement (50 µl/ml). The proteins 

released into culture media after one hour were evaluated by multiplex bead-based 

immunoassays (Luminex) using the human cytokine/chemokine kit (Millipore, Billerica, 

MA) according to the manufacturer’s protocol. 

 Analyte-specific antibodies are pre-coated onto colour-coded magnetic 

microparticles.  Microparticles, samples and standards are pipetted into wells, and the 

immobilised antibodies bind the analytes of interest. A biotinylated antibody cocktail 

specialised to the analytes of interest is included to each well, after washing away any 

unbound substances. Following a wash to remove any unbound biotinylated antibody, 

streptavidin-phycoerythrin conjugate (Streptavidin-PE), which binds to the biotinylated 

antibody, is added to each well. A final wash removes unbound Streptavidin-PE, the 

microparticles are resuspended in buffer and read using the Luminex® MAGPIX 

Analyzer. A magnet in the analyser captures and holds the superparamagnetic 

microparticles in a monolayer. Two spectrally distinct Light Emitting Diodes (LEDs) 

illuminate the beads. One LED identifies the analyte that is being detected, and the second 

LED determines the magnitude of the PE-derived signal, which is in direct proportion to 

the amount of analyte bound. Quantitative results (pg/mL) were normalised to the 

untreated control. 
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4.2.12 Statistical Analysis 

Quantitative data were expressed as mean values ± respective standard error of 

the mean (SEM), corresponding to three or more replicates. A 2×2 mixed model ANOVA 

was conducted to test hypotheses about differences between means when there are two 

independent variables (cell lines and groups) on dependent variables. The Independent 

Samples t-Test was determined to compare the means of two separate groups to examine 

whether there is evidence of statistically significant when P-value = 0.05 or less. Prism 

7.02 (GraphPad Software, San Diego, CA, USA) was performed to design study graphs.   
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4.3 Results 

4.3.1 Effect of Anthocyanin on Endothelial Cells 

The dose-response sensitivity screening studies were performed using cell 

viability assays, as such assays are based on changes in cellular metabolism. Cell toxicity 

was measured with the using a CellTox Green cytotoxicity kit (Promega, Madison, WI). 

To examine cell viability of HAEC and D-HAEC as the response to anthocyanins, cells 

were treated with different doses of anthocyanin and were incubated for 72 h. The effects 

of anthocyanin supplement into both HAEC and D-HAEC, endothelial cells were initially 

tested using different concentrations of 50, 100, 200 and 400 µl/ml. 

As shown in Figure 24A, anthocyanins even at high concentration did not 

influence cell viability in cultured HAEC and D-HAEC cells. The results indicated that 

there were no significant differences between different concentrations of anthocyanin 

(AC50, AC100, AC200 and AC400) after 72 hours of incubation time (P-value < 0.0001).  

Similarly, the Promega CellTox green dye assay results indicated that anthocyanin had 

no cytotoxic effect on HAEC or D-HAEC cells at concentrations of 50, 100, 200 and 400 

µl/ml over a 72-hour incubation (Figures 24B and C).  

 Both cell lines under treatment with anthocyanin were examined under a light 

microscope to observe any possible morphological changes such as cell shrinkage as 

shown in Figures 25 and 26. It was found that as the concentration increased, there was 

some pigmentation accumulated inside the cells. As a result, the concentration of 50 µl/ml 

was considered for further treatment.      
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Figure 24. Effects of anthocyanin on endothelial cells. 
 

A) The effect of anthocyanin in both HAEC and D-HAEC at time 24 

B) The effect of anthocyanin on HAEC during the 72h incubation time 

C) The effect of anthocyanin on D-HAEC during the 72h incubation time 

Note: AC, anthocyanins; H, HAEC; D, D-HAEC; M, media; PC, Positive Control; P-
value < 0.0001; n = 4.  

Summary graph: The green dye assay results demonstrated that anthocyanin had no 

cytotoxic effect on HAEC and D-HAEC at the concentration of 50, 100, 200 and 400 

µl/ml over 72-hour time incubation. 
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                            A1                                                                     A2                                                                                                                             

                                                                                                            
                           A3                                                                      A4                   

            

                                

Figure 25. Light microscopy images of HEAC cells morphology  
 
 

Note: A1) HEAC cells treated (X 10) 

          A2) HEAC cells treated with anthocyanin 50 µl/ml (X 10) 

          A3) HEAC cells treated with anthocyanin 100 µl/ml (X 10) 

          A4) HEAC cells treated with anthocyanin 200 µl/ml (X 10) 

There was some pigmentation accumulated in the cell culture media (white arrow). 
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B1                                                                B2 

                                                                             

                              B3                                                        B4 

                

                         

Figure 26. Light microscopy images of D-HAEC morphology   

Note: B1) D-HEAC cells untreated cells (X 10) 

          B2) D-HEAC cells treated with anthocyanin 50 µl/ml (X 10) 

          B3) D-HEAC cells treated with anthocyanin,100 µl/ml (X 10) 

          B4) D-HEAC cells treated with anthocyanin 200 µl/ml (X 10) 

There was some pigmentation accumulated in the cell culture media (white arrow). 
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4.3.2 Effect of Hydrogen Peroxide on Endothelial Cells 

HAEC and D-HAEC cell lines were exposed to different concentrations of 

hydrogen peroxide to investigate a suitable concentration of H2O2 to induce oxidative 

stress. Cells were plated in a 96-well tissue culture plate at a concentration of 1 × 103 

cells/well and incubated overnight. Then, cells were induced by H2O2 at concentrations 

of 75µM, 150 µM and 300 µM for 30 minutes before being treated with anthocyanin at a 

single concentration of 50 µl/ml and incubated for 72h, which modulates endothelial ROS 

production and bioactivity. Cell viability was estimated using CellTox Green Toxicity 

assay.  

The results of this experiment initially showed that exposure to H2O2 was more 

toxic in HAEC than D-HEAC. It seems that D-HEAC can adapt better in situations with 

higher oxidative stress.   

Moreover, H2O2 at the concentration 300 µM and with incubation period of 24h 

resulted in the highest exhibited fluorescence density (42577 ± 1469 RFU) in HEAC and 

(39350 ± 7794 RFU) in D-HEAC as compared to (23426 ± 673 and 25967 ± 1392 RFU) 

in vehicle-treated control (n = 4) (Figure 27A).  

In addition, the Promega CellTox green dye assay results indicated that as H2O2 

concentration increased, an increase in fluorescence was observed, indicating an increase 

in cytotoxicity. However, there was an inconsistency with the concentration of 150 µM 

in D-HAEC cells showing a reduction in fluorescence density despite increasing at the 

H2O2 concentration (Figures 27B and C).  



96 

 

   

H

H
-H

7 5

H
-H

1 5 0

H
-H

3 0 0

H
-P

C D

D
-H

7 5

D
-H

1 5 0

D
-H

3 0 0

D
-P

C

0

1 0 0 0 0

2 0 0 0 0

3 0 0 0 0

4 0 0 0 0

5 0 0 0 0

6 0 0 0 0
F

lu
o

re
sc

en
ce

(R
F

U
)

**

*
**

A

 

 

       

0 2H 6H 24H 32H 72H
0

10000

20000

30000

40000

50000

60000

T im e  (H o u r)

F
lu

o
re

sc
en

ce
(R

F
U

) H - H 3 0 0

H - H 1 5 0

H - H 7 5

H -P C

H

B

 

 

 

 

 



97 

 

0 2H 6H 24H 32H 72H
0

10000

20000

30000

40000

50000

60000

70000

T im e  (H o u r )

F
lu

o
re

s
c

e
n

c
e

 (
R

F
U

)

D - H 3 0 0

D - H 1 5 0

D - H 7 5

D -P C

D

C

                

Figure 27. Effects of H2O2 on endothelial cells 

A) Incorporation of anthocyanin in both HAEC and D-HAEC at time 24 

B) Incorporation of anthocyanin on HAEC during the 72h incubation time 

C) Incorporation of anthocyanin on D-HAEC during the 72h incubation time 

 

Note: AC, anthocyanins; H, HAEC; D, D-HAEC; M, media; PC, Positive Control; ** 

Represent P- value ≤ 0.01, * Represent P- value ≤ 0.05 (n = 4) 

 

Graphs summary:  CellTox green dye assay results demonstrated that as the concentration 

of H2O2 increased, it was observed as an increase in fluorescence, indicating an increase 

in cytotoxicity.  
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4.3.3 Effect of Anthocyanins Under Cytotoxicity By H2O2 

As the cellular responses to H2O2 were almost exclusively cytotoxic, it was 

interesting whether combining with other compounds would improve their cytotoxicity. 

To this end, single concentrations of anthocyanin (50 µL/ml) were combined with several 

concentrations of H2O2 (37.5 µM, 75µM, 150 µM and 300 µM) based on viability data. 

As illustrated in Figure 28, anthocyanin supplements protected HAEC and D-

HAEC from H2O2‐induced cytotoxicity, as tested by CellTox Green Toxicity assay. In 

the HAEC cell line, the cytotoxicity decreased significantly from H2O2‐induced cells with 

concentrations H75µM and H 150µM in compared to cells that were pre-treated with 

anthocyanin supplement (50 µl/ml) with a mean difference 6568 RFU and 6461 RFU, 

respectively (P-value < 0.0001).  

In addition, the cytoprotective effects of anthocyanin were stronger in D-HAEC 

cells against H2O2‐induced cytotoxicity. This effect was shown in D-HAEC cells with 

H2O2‐induced cytotoxicity concentrations of H37.5µM, H75µM and H150µM compared 

to cells that pre-treated with anthocyanin supplement at a concentration of 50 µl/ml, with 

mean difference 6757 RFU, 6035 RFU and 8215 RFU respectively (P-value < 0.0001).  

Since H2O2‐induced cytotoxicity with concentration H37.5 µM had no toxic effect 

on HAEC cells and H150µM was relatively strong for both cell lines, a concentration of 

H75µM was considered for further treatment. 
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Figure 28. Cytoprotective effect of anthocyanins under cytotoxicity by H2O2 

 
Note: AC, anthocyanins; H, HAEC; D, D-HAEC; M, media; PC, Positive Control;  
**** Represent P-value ≤ 0.0001 (n = 4) 

A) Cytoprotective effect of anthocyanins on HAEC under cytotoxicity by H2O2 

B) Cytoprotective effect of anthocyanins on D-HAEC under cytotoxicity by H2O2                        
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4.3.4 Effect of Anthocyanin on Redox Stress  

To determine whether anthocyanin treatment can induce GSH synthesis on 

endothelial cells under oxidative stress condition, HAEC and D-HAEC were exposed to 

H202 for 30 minutes. Cells were then treated with the AC50 µL/ml for 24 hours, and the 

GSH/GSSG ratio was measured after six and 24h treatment. Results are expressed as the 

ratio reduced (GSH)/oxidized (GSSG) glutathione. 

As shown in Figure 29, anthocyanin treatment had no significant effect on 

GSH/GSSG ratio in the HEAC and D-HEAC cell lines. However, lower ratios of 

glutathione (GSH)/(GSSG) were detected in cells treated with the combined effects of 

anthocyanin and H2O2 compared to control untreated cells, revealing that proteins were 

more oxidised in treated cells.  
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Figure 29. Effect of Anthocyanin on H2O2-Induced oxidative stress 
 

Note: AC, anthocyanins; H, HAEC; H75, H2O2 75 µM; D, D-HAEC; M, media; PC, 
Positive Control; AC50, anthocyanin 50 µl/ml. 

Data represent means ± S.E.M of four independent experiments (significance compared 
with the untreated cells).   
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4.3.5 Effect of Anthocyanin on Inflammatory Cytokines 

It was hypothesised that the anthocyanin compound would down-regulate 

proinflammatory cytokine production by inhibiting activation of NFκB in the healthy and 

MetS endothelial cell lines. To test the hypothesis, inflammation was induced by LPS in 

both cell lines for an hour, and then they were treated with anthocyanin solution for 24 

hours. Inflammatory cytokines, including IL-1β, IL-6, IL-18 and TNF-alpha, were 

measured by Magnetic Luminex Assay.  

The specificity of the multiplex assay was tested using the specific standards for 

IL-1β, IL-6, IL-18 and TNF-alpha in the multiplex array. IL-6 was the only cytokine that 

was detected by its corresponding bead-array resulting in standard curves (Table 13). As 

shown in Figure 30A, exposure to LPS increased the production of IL-6 from 62.1 ± 3.17 

pg/ml in untreated cells to 582 ± 52.7 pg/ml (P-value < 0.0001) in LPS-induced cells. 

However, levels of IL-6 in HAEC cells that were pre-treated with anthocyanin had a 

significant reduction from 582 ± 52.7 pg/ml to 431 ± 14.4 pg/ml (P-value < 0.01). 

Exposure to the LPS in D-HAEC increased the production of IL-6 from 149 ± 

1.82 pg/ml in untreated cells to 2899 ± 65.8 pg/ml (P-value < 0.0001) in LPS-induced 

cells. Conversely, levels of IL-6 in D-HAEC cells that were pre-treated with anthocyanin 

had a significant reduction from 2899 ± 65.8 pg/ml pg/ml to 1471 ± 225 pg/ml (P-value 

< 0.0001) (Figure 30B). Since the anthocyanin solution was removed from the cell 

culture plate before starting the multiplex assay experiment, the anthocyanin solution 

could not have interfered with the multiplex assay format. 

In addition, data indicated that there was no significant difference in the mean IL-

6 values between untreated HAEC (62 ± 3.18 pg/ml) and diabetic D-HAEC (149 ± 1.82 

pg/ml) (P-value <0.05). However, after LPS-stimulation, the level of IL-6 in D-HAEC 

(2899 ± 65.8 pg/ml) increased much more than the HAEC (582 ± 52.7 pg/ml) cell line 

(P-value < 0.0001). The results also revealed that pre-treatment with anthocyanin 

significantly reduced IL-6 levels in both cell lines, but this was much more noticeable in 

D-HAEC cells (P-value < 0.0001) compared to HEAC cells (P-value < 0.01). 
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Figure 30. Effect of anthocyanin on inflammatory cytokines 
 

A) Anti-inflammatory effect of anthocyanins on HAEC under cytotoxicity by LPS 

B) Anti-inflammatory effect of anthocyanins on D-HAEC under cytotoxicity by LPS  

Note: AC, anthocyanins; H, HAEC; D, D-HAEC; M, media; PC, Positive Control; AC50, 

anthocyanin 50 µl/ml; LPS, lipopolysaccharide 1µl/ml; Data represent means ± S.E.M of 

four independent experiments (significance compared with the untreated cells); ** P ≤ 

0.01 and **** P ≤ 0.0001. 
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Table 13. Proinflammatory cytokines results 

IL1B IL1B Std Dev TNF Std Dev IL18 Std Dev 
ST1 6380.5 12.73 5445.3 32.88 6239 113.14 
ST2 2505.8 79.55 1910.3 56.21 2635.5 57.28 
ST3 860.3 19.45 646.5 4.24 995 9.9 
ST4 309.8 7.42 240.3 3.89 368 11.31 
ST5 118.3 6.72 90.8 0.35 145 1.41 
ST6 51.8 1.06 39.5 0.71 65 1.41 
 H-cells 16 1.41 12 0 19 0 
H-H150 13.8 0.35 11.8 0.35 20 1.41 
H-H150/AC50 15.5 0.71 12.5 0.71 19.8 0.35 
H-AC50 15 0 12 0 19 1.41 
H-LPS 14 0 12 0 19 1.41 
H-LPS/AC50 15.3 0.35 13 0 19 1.41 
H-cells 14.5 0.71 11 1.41 18 0 
H-H150 13 0 12 1.41 18 0 
H-H150/AC 14.8 1.06 11.8 0.35 18.8 1.77 
H-AC50  14.8 1.77 12 0 19 0 
H-LPS  15 1.41 13.3 0.35 17.5 0.71 
H-LPS/AC50 15 0 12.5 0.71 18.5 0.71 
D-CELL 14.8 1.06 11 1.41 18 0 
D-H150 13.5 2.12 12.5 0.71 18.5 2.12 
D-H150/AC50 13.5 0.71 11.5 0.71 18 0 
D-AC50 14.3 1.06 12.8 1.06 19 1.41 
D-LPS 15 1.41 11.8 0.35 19.5 0.71 
D-LPS/AC50 14.8 0.35 12 0 19 1.41 
D-CELL 14 0 11.5 0.71 17.5 0.71 
D-H150 13.5 0.71 11.8 0.35 18.5 0.71 
D-H150/AC50 13 1.41 11.5 0.71 19 0 
D-AC50 14.5 0.71 12 1.41 19.5 0.71 
D-LPS 15 1.41 13 0 18.3 0.35 
D-LPS/AC50 14.5 0.71 10.5 0.71 18.3 0.35 
M 15.5 0.71 13 0 23 0 
M+AC50 14.5 2.12 12.5 0.71 23 0 

 

Note: ST, Standard; AC, anthocyanins; H, HAEC; D, D-HAEC; M, media; PC, Positive 

Control; AC50, anthocyanin 50 µl/ml; LPS, lipopolysaccharide; H150, H2O2 75 µl/ml; 

Std Dev, Standard Deviation. 
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4.4 Discussion 

Endothelium, a single inner layer of all blood vessels, acts as an active interface 

between the wall of blood vessels and the bloodstream (175). Thus, disruption of 

endothelial function is an early indicator of the development of vascular disease and the 

main area for the identification of potential new therapeutic targets. Indeed, endothelial 

dysfunction which is a shift from a healthy endothelium to a damaged phenotype, 

characterised by pro-inflammatory and oxidative stress features, is an early event in many 

pathologies, including atherosclerosis which is the most preventable vascular disease in 

developed countries (175, 394).  

 

In the current study, the effect of anthocyanin supplementation was examined on 

antioxidant enzyme activity and inflammatory biomarkers on endothelial cells subjected 

to oxidative stress and inflammation. It was hypothesised that anthocyanin treatment 

would increase GSH/GSSG ratio activity while decreasing markers of inflammation. 

Based on preliminary results, anthocyanidins at concentrations 50 μl/ml was used for in 

vitro study, were applied to HAEC and D-HAEC cells exposed to H2O2 (75 μl/ml) and 

LPS (1 µg/ml) which has been shown to induce cell death, DNA damage and redox state 

alteration. 

 

Initially, the present study probed the effects of H2O2 on HAEC and D-HAEC. 

The results revealed that in both HAEC and D-HEAC, H2O2 exposure increased 

intracellular oxidative stress, which caused cytotoxicity to the endothelial cells. However, 

the cytotoxicity effect was higher in the HAEC line than in D-HAEC cells. H2O2  a 

relatively week oxidating agent produced and utilised by mitochondria via the action of 

some of the enzymes, particularly superoxide dismutase (SOD) (395), (396). It is thought 

that it has a role in signalling as it is continually produced in most cells and at low 

concentration may promote proliferation and suppress apoptosis (395). However, H2O2 

via oxidase phosphorylation as a result of increased glucose level in diabetic status 

induces oxidative stress, antioxidant enzyme activity and ultimately endothelial 

dysfunction (397), (398). Therefore, the direct antioxidant effect of anthocyanin was 

examined on antioxidant activity indicated by the GSH/GSSG ratio in endothelial cells 

after exposure to H2O2.   
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GSH, a tripeptide amino acid is the most abundant nonprotein thiol in cells (399). 

Its active group is the thiol (–SH) of cysteine, and it is maintained in the reduced state 

(400). GSH plays an imperative role in the stabilisation of many enzymes (399). GSSG 

consists of two GSH molecules joined by their –SH group into a disulfide bridge and was 

found to be present in lower quantities than GSH (401). This study explored whether 

treatment with anthocyanin after exposure with H2O2 could have any role in modifying 

the GSH/GSSG ratio, a monitor of cellular antioxidant status. Importantly, a decrease in 

the GSH/GSSG ratio can also be used as an indicator to distinguish the oxidatively 

stressed cells from non-stressed cells (371). Luminescence-based GSH/GSSG Glo assay 

revealed that both exogenous stressor (H2O2) and anthocyanin treatment resulted in a 

substantial decrease in the ratio of GSH/GSSG. This reduction in GSH/GSSG ratio was 

more dominant in the D-HAEC cell line in compared to HAEC cell line. Therefore, no 

protective effect of anthocyanin treatment was observed on GST and GSSG activity. It 

appeared that combining anthocyanin with H2O2 had an antagonistic effect. 

Cell signals exerted by oxidised products of low-density lipoprotein (LDL) induce 

innate immune responses similar to those exerted by LPS, due to common cell membrane 

ligands that initiate the NFκB cell signalling cascade and inflammatory events via the 

expression of intercellular adhesion molecules and interleukins that regulate leukocyte 

recruitment (Figure 31). NF-κB (Nuclear factor kappa-light-chain-enhancer of activated 

B cells) is a crucial transcription factor that regulates cellular immune responses to 

infection and higher-order oxidative stress by coordinating a pro-inflammatory response. 

NF-κB is sequestered in the cytosol by the inhibitor protein IκBα (NF-κB inhibitor - 

alpha) (294). The release of NF-κB requires the phosphorylation of IκB by cytosolic 

protein IKK (IκB kinase). The activation of NF-kB leads to the induction of pro-

inflammatory mediator expression, including inducible cyclooxygenase-2 (COX2), 

inducible nitric oxide synthase (iNOS), nitric oxide (NO), interleukin-1 (IL-1), 

interleukin-6 (IL-6) and tumor necrotic factor (TNF) (295), adhesion molecules (296) and 

chemokines (297). Therefore, the current study investigated the anti-inflammatory effect 

of anthocyanins through the inhibition of the NF-κB signalling pathway by quantitative 

measurement of proinflammatory cytokines, including IL-6 and IL-2.  LPS was, therefore 

used in this study to induce vascular inflammation and cellular adhesion (402, 403). As 

the results showed, IL-6 levels for both HAEC and D-HAEC cells increased after, LPS 
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administration. LPS drastically induced the NF-κB signalling pathway, which was 

indicated by significant increases in IL-6 levels in both HAEC and D-HAEC cell lines 

after one hour of stimulation to 10 and 20-fold of untreated cells, respectively. However, 

anthocyanin pre-treatment decreased IL-6 levels to 25.8% in HEAC and 49.26% in D-

HEAC. The results suggest that the concentration of anthocyanin used in this study can 

protect endothelial cells against the inflammatory effect of LPS through the inhibition of 

NF-κB signalling pathway in both cell lines. However, this cytoprotective effect was 

much stronger in D-HEAC cells than in the HAEC cells.  

 

 

Figure 31. Schematic presentation NF-ƙB pathway 

Note: ROS, reactive oxygen species; NF-κB, nuclear factor kappa-light-chain-enhancer 
of activated B cells; IκBα, NF-κB inhibitor–alpha; IKK, IκB kinase; ICAM-1, 
intercellular adhesion molecule-1; VCAM-1, Vascular smooth muscle; COX-2, 
cyclooxygenase-2. 
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4.5 Conclusion  

Anthocyanins are thought to have antioxidant and anti-inflammatory effects in the 

body. The effects of anthocyanin supplements on the activities of antioxidant enzymes, 

glutathione oxidase (GSSG) and glutathione-S-transferase (GST) ratio, as markers of 

oxidative stress and pro-inflammatory cytokines, were examined in HAEC and D-HAEC 

cell lines.  

In summary, the obtained results suggested that LPS can induce inflammatory 

responses in both HAEC and D-HAEC cell lines by increased production of 

proinflammatory cytokines such as IL-6 and IL-1β. The present data also showed that 

berry derived anthocyanins may have an anti-inflammatory effect in vascular endothelial 

cells exposed to LPS, and reduce expression of inflammatory cytokines via the 

inactivation of NF-κB signalling pathway. The anti-inflammatory protection may 

downregulate pro-atherogenic effects that are induced by LPS. Thus, the current study 

proposes that anthocyanins may play a role in the protection of endothelial cells as an 

anti-inflammatory substrate to reduce low-grade inflammation affecting endothelial cell 

upon LPS-induced activation of NF-κB signalling pathway which may improve 

endothelial dysfunction. 
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4.6 Strengths and Weaknesses 

Abundant studies have revealed that diets rich in fruit and moderate consumption 

of red wine can reduce the risk of cardiovascular disease. The studies presented in this 

thesis for the first time compare the possible cardioprotective effect of treatment with 

anthocyanin through attenuated inflammation makers and cell apoptosis in healthy and 

diabetic cell lines.  

Even though this study has not shown any improvement in the GSH/GSSG ratio 

as an indirect marker of oxidative stress, to answer the study hypothesis about the 

antioxidant activity of anthocyanin, there is a necessity to detect oxidative stress using 

the assays that can measure oxidative stress directly. Cell homogenate GSH/GSSG ratios 

vary enormously in different cellular compartments so that the accurate quantification of 

glutathione ratios within different organelles has severe limitations. Also, D-HAEC was 

donated from one patient with T2DM; it would be advised that for future study using cells 

from more than one donor phenotype to account for population variation or significants 

in experimental readouts. Broader consideration must also be given to the fact that many 

inflammatory markers in this study which were of great interest including TNF-α, IL-1b 

and IL-18 have been shown to bind to circulating carrier proteins (395, 396). Levels of 

circulating proteins can change with inflammation, as well as specific assay conditions. 

Accordingly, all of these factors could significantly influence the ability of multiplex 

solution-based assays to detect the specific cytokines by potentially altering the amount 

of free cytokine available for detection, independently of changes in total cytokine levels 

(397). These study results have confirmed some of these concerns, demonstrating the 

ability to denature agents which are known to decrease noncovalent binding between 

proteins, to increase the amount of cytokine significantly detected using Multiplex assays. 
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5.0 Introduction 

Metabolic syndrome (MetS) is a collection of metabolic risk factors associated with 

an increased risk of developing atherosclerosis. Reducing levels of atherogenic risk is a 

crucial goal for the prevention of platelet activation and thrombus formation. It is well 

established that dyslipidaemia, hyperglycaemia and inflammation are important risk 

factors for metabolic syndrome (MetS) (404). Studies have reported that high serum 

concentrations of LDL-cholesterol, glucose and C-reactive protein (CRP) are inversely 

associated with the risk of developing cardiovascular disease (CVD) (405, 406). 

Inflammatory reactions are thought to be mediated by a series of risk factors, including 

hypercholesterolemia, which is typically an early biomarker of CVD (407). The process 

of inflammation involves the active participation of different cell types, including 

endothelial cells, monocytes and platelets, which subsequently can lead to thrombus 

formation in the arteries (408, 409). 

Patients with MetS are challenged with achieving a reduction in cardiovascular risk 

(410, 411). Scientific evidence supports the importance of guideline-based 

pharmacotherapies in reducing the risk of cardiovascular events (412, 413). It is assumed 

that secondary prevention can be achieved to some extent, through adherence to 

prescribed pharmacotherapies that favourably modify major coronary risk factors 

including hypertension, hypercholesterolemia, thrombotic events, diabetes and obesity. 

Therefore, it is predicted that a way to improve some of these risk factors could also act 

as a potential preventive strategy. Recent clinical studies provide some evidence 

regarding the cardio-protective effects of foods high in anthocyanin (414-416). Berries 

are a good source of anthocyanins, micronutrients and fibre (417). Anthocyanins are 

versatile and plentiful flavonoid pigments found in dark coloured fruit and vegetables, 

including blueberries and cherries (418). Anthocyanins are highly unstable and very 

susceptible to degradation (419) and they are prepared in capsules. The encapsulation 

seems to be an efficient way, since encapsulating agents act as a shielding coat. Evidence 

has shown that berry-anthocyanins account for a wide range of biological activities, 

including antioxidant activity (420), anti-inflammatory  (421) and anti-atherosclerotic 

(415).  



111 

 

Although epidemiological studies suggest that the consumption of anthocyanin 

supplements decreases the risk of cardiovascular diseases (422-425), the target sites of 

anthocyanin underlying the protective mechanism in vivo have not been fully explained. 

In other words, the signalling pathways involved in the actions of anthocyanin-induced 

antioxidant enzymes and their anti-inflammatory effects against chronic blood vessel 

injury are not fully understood.  

Anthocyanins have been constantly indicated to have anti-inflammatory effects, 

as evidenced by their ability to lower the expression of proinflammatory mediators while 

increasing that of anti-inflammatory molecules (426-428), decrease iNOS activity and 

consequently nitric oxide overexpression (429), and attenuate COX-2 activity and 

accordingly PGE2 expression (430, 431). Due to their mechanisms of action, plenty of 

the evidence points to the involvement of the nuclear factor erythroid 2-related factor 2 

(Nrf2) and/or nuclear factor kappa-light-chain-enhancer of activated B cells (NF-κB) 

pathways. 

Under basal conditions, Nrf2 is constitutively bound to Keap1 protein in the 

cytosol (432). Mild oxidative stress and Nrf2 activators such as anthocyanin cause 

dissociation of Nrf2-Keap1 complex, phosphorylation of Nrf2, and translocation to the 

nucleus. In the nucleus, Nrf2 promotes transcriptional activation of antioxidants HO-1, 

NAD(P)H, NQO1, catalase and SOD. Then these enzymes inhibit the generation of ROS 

by scavenging and consequently the formation of foam cells in the intima (433). The 

induction of antioxidant proteins is facilitated by Nrf2, which is considered a critical 

molecular target of chemopreventive antioxidant enzyme inducers (434, 435). Upon 

stimulation, Nrf2 translocates from the cytosol to the nucleus, resulting in a cytoprotective 

response by upregulation of many antioxidant defence system genes (436) and a 

downregulation of NF-κB dependent genes (437). Anthocyanins have consistently 

appeared to inhibit the translocation and activation of NF-κB directly by the 

phosphorylation of its upstream inhibitor (438). Since NF-κB is a redox-sensitive 

transcription factor, this effect of anthocyanins is most likely attributable to their potent 

antioxidant activity or direct binding of anthocyanins to several proteins in these 

pathways.  
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In addition, Peroxisome Proliferator-Activated Receptors (PPARs) are nuclear 

transcription factors that play an essential role in lipid metabolism, insulin sensitivity, and 

inflammation (439). They help in the regulation of storage and catabolism of dietary fats 

and glucose, adipocyte differentiation and inflammatory responses (440). Studies 

conducted on humans and experimental animals indicated that anthocyanin-rich extracts 

decrease insulin resistance, which may exert these effects in association with altered 

activity of tissue PPARs (441-443). However, studies are lacking to test this relationship 

using physiologically relevant, whole sources of anthocyanins in human trial. A rich 

source of anthocyanins and whole berry fruit intake may also affect hyperlipidemia and/or 

affect tissue PPARs. 

 Previous in vitro study (Chapter 4) demonstrated that anthocyanins derived from 

berry exert an anti-inflammatory effect and protects endothelial cells against 

inflammatory insults. Therefore, theiscurrent intervention study investigated the effect of 

the same pure berry derived-anthocyanin consumption for four weeks’ treatment on 

selected populations of healthy and MetS. Thrombotic risk factors and the expression of 

inflammatory and anti-inflammatory genes with associated pathways were also 

investigated. 

 

 

 

 

 

 

 

 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              



113 

 

5.1 General Hypothesis 

It was hypothesised that a four-week consumption of anthocyanin supplements by 

the MetS patients who had three or more risk factors linked with metabolic syndrome 

would have a greater improvement in cardiometabolic biomarkers. It would also 

ameliorate the risk of thrombosis (platelets function) and inhibit the expression of 

proinflammatory genes and stimulate the expression of the oxidative defence system.  

 

5.1.1 Specific Objectives 

A series of quantitative methods were conducted to compare the post-treatment 

effects of anthocyanin supplements on the following biochemical parameters in the 

Normal healthy and MetS groups:  

 Fasting blood glucose levels   

 Inflammatory marker hs-CRP  

 Lipid profile (total cholesterol, triglyceride, HDL-C, and LDL-C) 

 Uric Acid as an oxidative stress responder  

 Platelet function as a predictor of thrombosis 

 The stimulatory effect on the expression of the oxidative defence system 

and anti-inflammatory genes associated with Nrf2 pathway 

 The stimulatory effect on the expression of peroxisome proliferator-

activated receptor-gamma (PPARG) genes  

 The inhibitory effect on the expression of inflammatory genes associated 

with the NF-κB pathway 
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5.2 Materials and Methods  

5.2.1 Encapsulation of Anthocyanin 

Although anthocyanins possess potential health-promoting properties (444), their 

unstable nature, unfortunately, acts as an obstacle to their practical application (445). 

Anthocyanins show low stability toward environmental conditions during processing and 

storage (446, 447). The anthocyanins are highly unstable and very susceptible to 

degradation (419). Therefore, the use of anthocyanin pigments in foods has been 

hampered by their poor stability, and, in turn, their incorporation into food and medical 

products appears to be a challenging task. Encapsulation appears to be an efficient way 

to introduce such compounds into these products (445). Encapsulating agents act as a 

protective coat against adverse ambient conditions, such as light, humidity and oxygen, 

and thus offer more stability (445).  

Anthocyanin capsules were purchased from Medox Pharmaceuticals Company, 

refer to Chapter 4, Section 4.2.8. The dose of anthocyanin was determined based on 

previous human studies showing significant effects on lipid profile and inflammatory 

markers (275, 281). 

 

5.2.2 Ethical Clearance 

This research was conducted at the School of Medical Sciences, Griffith 

University, Queensland, Australia. Griffith University Human Research Ethics 

Committee approved all study protocols. The ethical approval was granted for the 

previous study from Griffith HREC (GU Ref No: METSC 2014/292 HREC) and was 

extended by amendment before recruitment (Appendix 7). All procedures in this trial 

were in accordance with institutional guidelines and were carried out in compliance with 

the Helsinki Declaration. 
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5.2.3 Study Population  

Fifty-five male and female volunteers from the general public between 25-75 

years old were recruited through distributing advertisement leaflets in local newspapers 

and flyers on the Gold Coast, Australia. Participants were recruited based on their baseline 

blood analysis and initial screening questionnaire satisfying selection criteria for the study 

(Appendix 9). 

 

5.2.4 Study Design 

All participants were allocated to either MetS or Normal groups. A participant 

was considered a metabolic syndrome patient if he or she met three or more of the 

following criteria (331): glucose level > 5 mmol/L, body mass index (BMI) > 25 kg/m2, 

blood pressure (BP) >130/85 mmHg, inflammatory marker (hs-CRP) > 3 mg/L, or lipid 

profile abnormality associated with total cholesterol (TC) > 5 mmol/L, triglyceride (TG) 

> 1.7 mmol/L, high density lipoprotein-cholesterol (HDL-C) < 1 mmol/L in men and 

HDL-C < 1.2 mmol/L in women (Figure 32).  

Participants were instructed to consume two 80-mg each Medox capsules twice a 

day (morning and evening) for 28 days, providing a total of 320mg anthocyanins daily. 

This quantity of anthocyanin supplements corresponds to100g of fresh bilberries daily 

(448, 449). 

Patient compliance of the intervention was assessed by recalling and counting the 

remaining capsules. Baseline blood samples were collected from fasting participants on 

Day 1 before starting supplementation and on Day 28 after oral consumption of the last 

dose. Plasma and serum were kept at -80˚C unless immediately analysed. Full blood 

examination (FBE) was conducted to ensure study participants were in the normal range. 

Participants were requested to maintain their regular diet during the intervention period.  
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5.2.5 Exclusion Criteria 

Platelet activity exclusion criteria included a severe chronic disease or the use of 

any drug known to affect lipid metabolism or anticoagulant therapy. All registered 

participants went through a screening procedure, including past medical history, 

medications, clinical examination, and blood samples by completing a self-reported 

questionnaire. Exclusion criteria included: 

 

 Current use of anticoagulant therapy 

 Current use of anti-inflammatory or nonsteroidal anti-inflammatory drugs 

(NSAID) therapy  

 Current use of cholesterol-lowering medication 

 Kidney or liver disease 

 Platelet < 125 & > 450 (× 109/L) 

 Smoking 

 Problem with venipuncture 

A medical history background was used to assess the volunteers for the described 

parameters. Participants were supplied with an information package which contained the 

Information Sheet and the Consent Form (Appendix 8 & 9).   
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Figure 32. Anthocyanin study design 

 

5.2.6 Full Blood Examination (FBE) 

EDTA whole blood was analysed to measure all blood cell counts. Refer to 

Materials and Methods Chapter 2, Section 2.1.6. 

 

5.2.7 Biochemistry Assay Methods 

Serum lipids, glucose hs-CRP and UA, were measured on Cobas Integra. Refer to 

Materials and Methods Chapter 2, Section 2.1.7.     
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5.2.8 Platelet Function by Flow Cytometry   

The changes in the activation and reactivity of agonist-stimulated or resting blood 

platelets were assessed by two-colour flow cytometry. The platelets were distinguished 

from other cells based on Forward Scatter (FSC) vs. Side Scatter (SSC) plot 

characteristics on a log/log scale and by positive staining with monoclonal antibody 

CD41a/ Precep-cy5.5. The CD41a antibody recognises the calcium-dependent 

glycoprotein IIb/IIIa (gpIIb/IIIa) complex on all platelets. Because erythrocytes and 

WBCs do not bind this platelet-specific antibody, they were effectively excluded from 

the analysis; also the FSC vs SSC excludes other cells based on size and complexity. A 

gate was set around the platelets to further analyse for an activated subset of platelet 

CD62P to measure P-Selctin expression by activated platelets. CD62P was conjugated 

to-APC. P-selectin is a transmembrane glycoprotein that regulates cell rolling. P-selectin 

is stored in the alpha granules of platelets as well as Weibel-Palade bodies of endothelial 

cells. It can be quickly brought to the cell surface upon platelet activation. The 

percentages of CD62P-APC-positive platelet aggregates were calculated relative to the 

total number of CD41a/Precep-cy5.5. CD14, the monocyte marker and CD 62P cocktail 

were also used to identify monocyte platelet aggregates. FlowJo software package 

program (FlowJo v10, FlowJo LLC) was used to analyse the flow cytometry data.   

 

5.2.9 RNA Extraction (isolation) 

For purification of total Ribonucleic acid (RNA) from whole blood stored in 

PAXgene® tubes, the Maxwell® 16 Instrument and the Maxwell®16 LEV simply-RNA 

Blood Kit were used. The Maxwell® RSC simply RNA Tissue Kit purify samples using 

paramagnetic particles, which provide a mobile solid phase to optimise sample capture, 

washing and purification of nucleic acid. The Maxwell® RSC Instrument (Promega 

Corporation, USA) is a magnetic particle-handling instrument that efficiently binds 

nucleic acids to the paramagnetic particle in the first well of a prefilled cartridge. The 

Maxwell® RSC instrument is a compact, automated nucleic acid purification platform 

that processes up to 16 samples simultaneously. The whole blood samples are processed 

through a series of washes before nucleic acids are eluted. RNA was quantified, and RNA 

integrity number (RIN) was calculated for each sample.  
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5.2.10 Digital Multiplexed Gene Expression Analysis  

The NanoString nCounter Gene Expression test is a technique for detecting the 

expression of genes in a single reaction. The nCounter test is based on direct digital 

detection of mRNA molecules of interest using target‐specific, colour‐coded probe pairs. 

Each target gene of interest is identified using a pair of capture and reporter probes 

carrying 35‐ to 50‐base target‐specific sequences. In addition, each reporter probe carries 

a unique colour code at the 5′ end that enables the molecular barcoding of the genes of 

interest, while the capture probes all carry a biotin label at the 3′ end that provides a 

molecular handle for attachment of target genes to facilitate downstream digital detection. 

After solution‐phase hybridisation between target mRNA and reporter‐capture probe 

pairs, excess probes are removed, and the probe/target complexes are aligned and 

immobilised in the nCounter cartridge, which is then placed in a digital analyser for image 

acquisition and data processing. Hundreds of thousands of colour codes labelling mRNA 

targets of interest are directly imaged on the surface of the cartridge. The expression level 

of a gene is calculated by counting the number of times the colour‐coded barcode for that 

gene is detected, and the barcode counts are then tabulated (Figure 33). 

            3‵ biotin                                                5‵ colour code signal 

                                 +                       
Target-specific capture probe   Target-specific reporter probe 

                             
                             Sample (total RNA/lysate) 

       
                                                                          

                                    Target/probe tripartite complex 

Figure 33. Schematic of target-specific capture and reporter probes 

Note: The 5‵ reporter barcode and the 3‵ biotin capture handle. The orange segment in the 
capture probe represents a 30-base sequence common to all capture probes, and the black 
segment in the reporter probe represents a 60-base sequence common to all reporter 
probes. Both are used to remove the excess unbound probe. 
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5.2.11 Identification of a Candidate Atherogenic Genes  

The number of candidate genes examined in this analysis in three different 

atherogenic pathways, including Nrf2-dependent genes (450-452), NF-κB-dependent 

genes  (453-458) and PPARG (459).  Their functions are detailed in Table 14.    

Table 14. Atherogenic genes panel 

Genes Human gene name Function 
NF-κB-dependent genes 

CXCL1 C-X-C Motif Chemokine Ligand 1  Cytokine-induced neutrophil chemoattractant 
IL-1A Interleukin-1a Inflammatory cytokine 
IL-1B Interleukin-1b Inflammatory cytokine 
IL-6 Interleukin-6  Inflammatory cytokine 
IL-18 Interleukin-18  Inflammatory cytokine 
TNF Tumour necrosis factor-alpha Inflammatory cytokine 

SELE 
E-selectin, endothelial cell 
leukocyte adhesion molecule Cell adhesion molecules 

SELPLG P-Selectin Glycoprotein Ligand  Cell adhesion molecules 
ICAM-1 Intercellular adhesion molecule-1 Cell adhesion molecules 

COX-2 
Cyclooxygenase, prostaglandin-
endoperoxide synthase Stress response  

SOD1 Manganese superoxide dismutase Stress response  
iNOS Inducible nitric oxide synthase Enzyme 

Nrf2-dependent genes 
GST  Detoxification of xenobiotics 
NQO1  Detoxification (superoxide scavenger) 
HO-1  Enzymes (degradation of heme) 

GPx  
Detoxification (protect the organism from 
oxidative damage) 

CAT Catalase 
Stress response (decomposition of hydrogen 
peroxide to water and oxygen) 

SOD1 Manganese superoxide dismutase 
Stress response (catalyse superoxide into 
hydrogen peroxide, antioxidant defence) 

NFE2L2,   Nuclear Factor, Erythroid 2 Like 2 Controlling the cellular antioxidant 

PPAR-gamma 

PPARG 
peroxisome proliferator activated 

receptor gamma 
to regulate adipocyte differentiation, fatty 
acid storage and glucose metabolism 
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5.2.12 Sample Size 

In a previous study, the response within each subject group was normally 

distributed with a standard deviation of 5% variation in the platelet activation and other 

laboratory parameters measured (460). If the between difference in the experimental and 

normal control means is 5%, and drop-off is 10%, this study requires 25 experimental 

subjects and 25 healthy subjects to be able to reject the null hypothesis that the population 

means of the experimental and Normal groups are equal with probability (power) 0.9 

(calculated by PS power and sample size program). The Type I error probability related 

to this test of this null hypothesis is 0.05. 

Therefore, a final sample size of 25 volunteers in each group is required for a 90% 

power to detect a 5%, where a 5% standard deviation exists in the population, assuming 

an alpha error of 0.05.   

            

5.2.13 Statistical Analysis  

Data were evaluated using the Statistical Package for Social Sciences version 22 

software. A 2×2 mixed model ANOVA was conducted to test hypotheses about 

differences between means when there are two independent variables (time and groups) 

on dependent variables. The significance of differences between the same groups was 

determined with Paired Student’s t-test. The central tendency of continuous variables was 

presented by the mean ± standard error of the mean (SEM). P-values of ≤ 0.05 were 

considered statistically significant. 

 

5.2.14 Compliance 

By counting the remaining capsules at the last visit, the compliance of participants was 

assessed in both intervention groups. The actual capsule consumption was calculated by 

counting remaining capsules from total provided capsules. 
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5.3 Results 

5.3.1 Demographic of the Participants 

An initial survey was conducted involving 55 participants, aged between 25 and 

75 years old. While the average age in the MetS group was 56.6 ± 2.6 year, the Normal 

group had an average of 38.2 ± 2.7 years (Table 15). The gender distribution for Normal 

group 13 males (52%) and 12 females (48%) and in MetS group was 14 males (54%) and 

12 females (46%) (Table 15).  

Significant differences were observed in BMI (P-value = 0.003), waist 

circumference (P-value = 0.001), and blood pressure (P-value = 0.04 & 0.05) between 

Normal and MetS groups at the baseline level. Moreover, the mean age average in the 

Normal group was mostly lower than < 40 (65%) and in MetS group was higher than > 

40 (80%) (Table 15).  

 

Table 15. Anthropometric characteristics of participants 
 

 

Note: The values are means ± SEMs, * P-value ≤ 0.05, ** P-value < 0.01. 

Characteristics Normal  MetS P-value 
Gender, n (%)       

Female 12 (48%) 12 (46%)   
Male 13 (52%) 14 (54%)   

Mean age (Y) 38.2 ± 2.7 56.6 ± 2.6 0.006** 
Range age (%)   

≤ 40        65% 19.20%   
41 - 50 19.20% 11.50%   
51 - 60 3.80% 23.10%   
61 - 70 7.80% 26.40%   

71+ 3.80% 19.20%   
BMI  24.7 ± 0.9 32.7 ± 1.5 0.003** 
Waist Circumference 85.3 ± 3.4 105 ± 3.7 0.001** 
Waist/hip ratio 0.82 ± 0.07 0.89 ± 0.04   
Blood Pressure 

SBP 119 ± 5.07 137 ± 3.07  0.04* 
DBP 76.4 ± 3.7 83.1 ± 1.6 0.05* 
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5.3.2 General Evaluation 

In this study, a complete full blood examination (FBE) was performed to measure 

several components and features of the blood, including red blood cell (RBC), white 

blood cell (WBC), hemoglobin (Hb), mean platelet volume (MPV), and platelet count 

(Plt).  

The mean values of all components of FBE results for MetS population were 

presented in Table 16.  The RBC and Hb data showed that 94% (n = 49) of participants 

were within the normal range of between 3.8 × 10 12/L to 6.5 × 10 12/L cells, and Hb 

reference range between 130 – 180 g/L for men and females 120 – 160 g/L. However, 

four participants had higher RBC and Hb. Those participants with a higher level of RBC 

were checked for further evaluation based on the information sheet and biochemistry 

results. Since no severe medical conditions were seen in their records, these participants 

have not excluded from the study.      

A white blood cell (WBC) count calculates the number of white blood cells in the 

body. All participants were distributed below the upper level, which is normally 11 × 10 
9/L of blood. A platelet count is applied to detect the number of platelets in the blood. 

Mean platelet volume (MPV) is a measure of the average size of platelets found in the 

blood, and 100% of participants were distributed within the normal ranges between 6.0-

10 fL (femtolitre). Based on the Plt count results, most of the participants were distributed 

below the upper level, which is normally 400 × 10 9 /L platelets of blood. However, five 

participants had low PLT counts. Of these, two participants dropped out of participating 

from the study and the rest were excluded from the platelet activity study (Table 16).      

Furthermore, anthocyanin supplementation had no significant effect on white 

blood cell (P-value = 0.184 and 0.802), red blood cell (P-value = 0.066 and 0.165), mean 

platelet value (P-value = 0.45 and 0.158), or platelet count (P-value = 0.087 and 0.032), 

in both Normal and MetS groups, respectively (Table 17). 
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Table 16. Baseline descriptive characteristics of FBE data statistics  by gender 
 

 

Group Statistics 
  GENDER N Mean ± SEM P-value 
White blood cell (×109/L)        

  
Male 22 5.69  ± 0.33 0.608 

  Female 23 5.45 ± 0.32 
Red blood cells (×1012/L)        

  
Male 22 5.24 ± 0.14 0.000 

  Female 23 4.43 ± 0.10 
Hb (g/L) 

  
Male 22 149 ± 2.05 0.000 

  Female 23 132 ± 2.46 
Mean platelet volume (fL)      

  
Male 22 230 ± 14.3 0.804 

  Female 23 235 ± 11.8 
Platelets (×109/L)                     

  
Male 22 8.27 ± 0.18 0.352 

  Female 23 8.06 ± 0.13 
 

 

 

Table 17. FBE results pre- and post-treatment 
 

  Normal (n = 25) MetS (n = 26) 
  Pre Post P-value Pre Post P-value 
WBC (×109/L)        5.06 ± 0.93 4.72 ± 0.6 0.184 4.9 ± 0.74 4.81 ± 0.82 0.802 
RBCs (×1012/L)        5.30 ± 1.35 5.56 ± 1.3 0.066 5.96 ± 1.7 6.21 ± 1.52 0.165 
Hb (g/L) 139 ± 2.7 136 ± 2.8 0.055 144 ± 3.6 137 ± 3.1 0.510 
MPV (fL)      8.25 ± 0.7 8.21 ± 0.8 0.450 8.14 ± 0.83 8.07 ± 0.70 0.158 

Platelets (×109/L)                     211 ± 63.0 227 ± 56 0.087 246 ± 56.7 252 ± 63.9 0.032 
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5.3.3 Effect Anthocyanin on FBG 

Fasting Blood Glucose (FBG) test is used as a predictor of metabolic syndrome. 

Anthocyanin consumption had a significant change in the fasting blood glucose in the 

MetS group, with baseline 6.75 ± 0.82 mmol/L to post-treatment 5.82 ± 0.62 mmol/L (P-

value = 0.024). However, no significant difference was detected in the Normal group at 

the baseline (3.8 ± 0.25 mmol/L) and post-treatment (3.9 ± 0.19 mmol/L) with 

anthocyanin supplementation (Figure 34). Furthermore, all FBG data were examined 

based on the gender, and the result showed that there was no significant difference in 

FBG values between male (4.77 ± 0.41  and 4.65 ± 0.30 mmol/L) and female participants 

(6.04 ± 0.84 and 5.1 ± 0.64 mmol/L), at pre- and also post-treatment with anthocyanin 

supplements (P-value = 0.187 & 0.524). MetS group also showed no significant 

difference between male (6.3 ± 0.58 mmol/L) to female participants (7.0 ± 1.6 mmol/L) 

with P-value = 0.681 at baseline level. 

Moreover, the relationships were found between FBG and CRP (P-value = 0.016, 

r = 0.349), BMI (P-value = 0.005, r = 0.472), cholesterol (P-value = 0.007, r = 0.390), 

and LDL (P-value = 0.044, r = 0.296) that confirmed the interconnection between all 

metabolic syndrome components.  
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                  Figure 34. The effect of anthocyanin supplement on FBG 

Note: FBG, fasting serum glucose (n = 23/Normal, n = 24/MetS); Error bars indicate 

standard error of the mean. * between groups are significant at P-value < 0.05.  
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5.3.4 Effect of Anthocyanin Supplements on Serum Lipid Profiles 

Lipid profile test is an important component and indicator of cardiac risk 

assessment. As shown in Figure 35, for the MetS group, anthocyanin consumption for 

four weeks had a significant reduction on triglyceride values (1.85 ± 0.18 mmol/L) at 

baseline level compared to post-treatment (1.39 ± 0.11 mmol/L, P-value = 0.040). 

Similarly, there was a significant reduction in LDL-C from 2.9 ± 0.31 mmol/L to 1.94 ± 

0.30 mmol/L, P-value = 0.011. Meanwhile, there was a modest reduction on the total 

cholesterol (TC) levels in the MetS group from baseline mean value (4.6 ± 0.36 mmol/L) 

to final (3.95 ± 0.3 mmol/L, P-value = 0.09). However, there were no significant changes 

in HDL-C for the MetS group after anthocyanin treatment.   

In the Normal group, all four parameters for lipid profile remained unchanged 

after four weeks of anthocyanin consumption (Figure 35). 
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Figure 35. The effect of anthocyanin supplement on lipid profile 

Note: TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein-

cholesterol; LDL-C, low-density lipoprotein-cholesterol; Data are presented as Mean ± 

SEM, (n = 23/Normal, n = 24/MetS); between-group are significant with P-value ≤ 0.05. 
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The current study also found very strong positive relationships between 

cholesterol and FBG (P-value = 0.007, r = 0.390) and UA (P-value = 0.002, r = 0.433). 

TG also had a very strong relationship with CRP (P-value = 0.043, r = 0.296), FBG (P-

value = 0.000, r = 0.503), BMI (P-value = 0.000, r = 0.625), cholesterol (P-value = 0.049, 

r = 0.288) and UA (P-value = 0.01, r = 0.373). 

Moreover, all lipid profile results were examined based on gender. The analysis 

of data indicated that there were no significant differences in TG, LDL and cholesterol 

values between men and women. However, HDL-C values demonstrated a significant 

difference in female (1.18 ± 0.889 mmol/L) than male participants (0.85 ± 0.051 mmol/L, 

P-value = 0.002) at the post measurements which presented in Figure 36. This result 

agrees that women have generally higher levels of HDL cholesterol than men due to the 

positive effect of the female sex hormone estrogen on HDL-C. 
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Figure 36. Distribution of HDL values based on gender 

Note: HDL-C, high-density lipoprotein-cholesterol for males n = 23 and females n =  24 

at premeasurement; Data are presented as Mean ± SEM, * between groups are significant 

at P-value < 0.05. 
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5.3.5 Effect of Anthocyanin on Inflammatory Marker (hs-CRP) 

High-sensitivity C-reactive protein (hs-CRP) was examined as an inflammatory 

biomarker in the study participants at baseline as well as four weeks after intervention 

(Figure 37). At the baseline level, an appreciable difference was observed in hs-CRP 

values between the MetS group (2.50 ± 0.44 mg/L) and the Normal group (0.91 ± 0.17 

mg/L, P-value = 0.0098) before anthocyanin administration. Anthocyanin treatment for 

four weeks led to a decrease in serum hs-CRP levels in the MetS group 2.03 ± 0.46 mg/L. 

Nevertheless, no significant changes in the levels of hs-CRP were observed in the Normal 

group with a baseline level of 1.09 ± 0.44 mg/L compared to the final value of 1.2 ± 1.07 

mg/l.  

It was also noted that the reduction in hs-CRP values after four weeks intervention 

was positively correlated with the changes in LDL-C level (r = 0.422, P-value = 0.03) and 

fasting blood glucose levels (r = 0.571, P-value = 0.002). 
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Figure 37.  The effect of anthocyanin supplement on hs-CRP 

Note: hs-CRP, high-sensitivity C-reactive protein (n = 23/Normal, n = 24/MetS); Error 

bars indicate standard error of the mean;,  ** between groups are significant P-value < 

0.01. 
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All hs-CRP data at pre and post-treatment have been plotted as dot points based 

on gender and presented in Figure 38. As shown in this Figures, hs-CRP values 

demonstrated a significant difference in female (2.22 ± 0.44 mg/L) than male participants 

(1.19 ± 0.26 mg/L, P-value = 0.050) at the pre anthocyanin supplementation measurement 

which presented in Figure 38. 

Moreover, among the participants, there were a few outliers with CRP > 6.0 mg/L, 

which could be accounted for high SEM in this group and presented in the graph. 
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Figure 38. Distribution of hs-CRP values based on gender 

Note: hs-CRP, high-sensitivity C-reactive protein for males n = 22 and females n =  24 at 

premeasurement, with n = 19 females and n = 20 males in post-measurement, Error bars 

indicate standard error of the mean; * between groups are significant at P-value < 0.05. 
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5.3.6 Effect of Anthocyanin on Antioxidant Marker (Uric Acid)    

Anthocyanin supplementation for four weeks had no significant effect on serum 

UA levels in the MetS group with the baseline level of 323 ± 27 µmol/L and post-

treatment level of 301 ± 15 µmol/L (P-value = 0.391). Furthermore, there were no 

significant differences in UA values between male and female participants at pre- and 

also post-treatment with anthocyanin supplements in both MetS and Normal groups. 

Similarly, no significant changes were reflected in the levels of uric acid in the 

Normal group from baseline level 255 ± 25 µmol/L to final level 268 ± 18 µmol/L, P-

value = 0.972 (Figure 39). 
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Figure 39. The effect of anthocyanin supplement on UA 

Note: UA, Uric Acid (n = 23/Normal, n = 24/MetS), Error bars indicate standard error of 

mean; * between groups are significant at P-value ≤ 0.05.  
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5.3.7 Expression of Platelet Surface Marker (P-selectin/ CD62P) 

In this study, two-colour flow cytometry was performed to measure the activation 

of platelet surface glycoprotein (P-selectin) and its reactivity to the physiological agonist 

ADP in whole blood obtained from MetS and Normal subjects. Time-gating was 

performed to clean up the quality of FCS data files (Figure 40A). This technique can 

visualise the flow of cells by a time plot versus FSC-A and will reveal issues such as an 

unstable flow of cells. Platelets were detached from the red blood cells and white blood 

cells based on the size characteristic of forward scatter [FSC] versus side scatter [SSC] 

and visualised with an electronic live gate placed around the platelets to exclude debris 

and background noise (Figure 40B). Staining of resting platelets with anti-CD41a, 

PreCP-cy5.5- conjugated (a monoclonal antibody against glycoprotein IIb) was 

performed to quantify the amount of platelet-bound - PreCP-cy5.5. 90% of cells in this 

gate were identified as platelets (Figure 40C). For the evaluation of P-selectin expression, 

samples were labelled with fluorescently-conjugated activation-dependent monoclonal 

antibodies CD62P APC (Figure 40D). The results are shown as the percentage of 

platelets expression CD62P (%PP).  
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                       A                                                      B 

                 

    C                                                      D 

                 
 

                  Figure 40. Flow cytometry methodology used to analyse platelet’s function 

 

Note: Flow cytometer analysis of platelet and platelet monocyte activation subpopulation 

on the whole blood. ADP-stimulated (10µmol/L) citrated whole blood was fixed with 5% 

Paraformaldehyde (PFA) and labelled with anti-CD62P-APC and anti-CD41a-Precep-

cy5.5. Ten thousand events were gated as time versus forward scatter (A). Platelets were 

detached from the red blood cells, and white blood cells based on the size characteristic 

of forward scatter (FSC) versus side scatter (SSC) (B). Histogram was gated around free 

intact platelet particles staining by Precep-cy5.5 as CD41a positive to identify resting 

platelets (C). The logical gate was used (Q1+Q2) to distinguish between activated 

platelets CD62P-APC and resting platelets CD41a-Precep-cy5.5 positive (D 
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As the result show, MetS participants had significantly decreased the expression 

of CD62P (P-selectin) on the surface of circulating platelets in response to ADP 

stimulation after four weeks consumption of anthocyanin compared with the Normal 

group. The current study finding suggested that anthocyanin supplementation 

significantly decreased platelets activation-associated conformation change represented 

by the expression of anti-CD 62P (P-selectin) in ADP-stimulated platelets, from 19.37 ± 

3.11% to 11.03 ± 2.79% in the MetS group, showing a reduction of 40% after normalising 

with an ADP-unstimulated sample, with no changes in the Normal group (Figure 41). 

The result of my study also showed that there are strong correlations between 

activation of platelet surface markers which is measured by expression of P-selectin 

(CD62P) and CRP (P-value = 0.016, r = 0.375), TG (P-value = 0.002, r = 0.473) and BMI 

(P-value = 0.017, r = 0.447).    
                 

                       

Figure 41. The effect of anthocyanin supplement on P-selectin 

Note: UNS, unstimulated sample; S, stimulated sample; (n = 23/Normal, n = 24/MetS), 

Data are mean ± SEM; * between groups significant at P-value < 0.05. 
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5.3.8 NF-κB Dependent Inflammatory Genes Expression 

In this study, the modulatory effect of anthocyanins on the expression of genes 

associated with the arterial thrombosis was investigated to indicate whether anthocyanin-

rich extracts can modulate inflammatory gene expression and potentially help prevent the 

development of atherosclerosis.  

The expression of NF-κB dependent genes involved in the inflammatory 

responses was determined in whole blood samples, to investigate whether anthocyanins 

exert anti-inflammatory effects on immune cells. NF-κB dependent pro-inflammatory 

gene expression which was evaluated in this study includes inflammatory cytokines 

(TNF-α, IL-6, IL-1A and IL-1B), chemokines (CXCL1 and IL-18), adhesion molecules 

(ICAM-1, VCAM-1 and Selectin), cyclooxygenase 2 (COX2) and inducible nitric oxide 

synthase (iNOS).  

The results show that administration of anthocyanin had a significant reduction in 

the expression of TNF, IL-1A and IL-6 in MetS subjects. However, no significant change 

in the cytokine expression was seen in the normal group. TNF-α decreased significantly 

in the MetS from 2817 ± 227 pg/ml to 2080 ± 367 pg/ml (P-value = 0.05) and with modest 

reduction in the normal group from 3625 ± 369 pg/ml to 2881 ± 318.5 pg/ml (P-value = 

0.106) (Figure 42A).  

Although anthocyanins supplements prevented the phosphorylation of IκBα and 

decreased expression of IL-1A significantly from 335 ± 19.5 pg/ml to 285 ± 29.6 pg/ml  

(P-value = 0.05) (Fig 42B) and IL-6 from 259 ± 18.7 pg/ml to 204 ± 17.4 pg/ml, (P-value 

= 0.018) (Figure 42C) in the MetS group, IL-1B had no significant changes in the same 

group (Table 18).  
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                                 Figure 42. The expression of TNF, IL1A and IL-6 

  
A) The expression of TNF-α for participants in pre- and post-treatment by anthocyanin 

B) The expression of IL-1A for participants in pre- and post-treatment by anthocyanin 

C) The expression of IL-6 for participants in pre- and post-treatment by anthocyanin 

Note: All values are Means ± SEM, n = 15/Normal, n = 23/MetS, * between groups 

significant at P-value < 0.05. 
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  Moreover, anthocyanin supplements inhibited the expression of COX-2 in both 

normal and MetS groups. As shown in Figure 43A, anthocyanin treatment of the normal 

group caused a reduction in COX2 expression from 2774 ± 367 pg/ml at the baseline level 

to 2058 ± 160 pg/ml (P-value = 0.05) in the post-measurement, and in the MetS group 

from 2476 ± 263 pg/ml to 1852 ± 319 pg/ml (P-value = 0.049). 

        In addition, anthocyanins efficiently inhibited the expression of PECAM1 activity. 

As shown in Figure 43B, in the normal group PECAM1 showed a reduction from 687 ± 

36.4 pg/ml at the baseline level to a final measurement of 567 ± 54.8 pg/ml (P-value = 

0.04) and in the MetS group from 617 ± 54 pg/ml to 539 ± 55.6 pg/ml (P-value = 0.02). 

However, there were no significant changes in the expression of other adhesion 

molecules such as ICAM1, SELL and SELPLG after four weeks of 320 mg/day 

consumption (Table 18).  
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Figure 43. The expression of PTGS2 (COX2) and PECAM1 

A) The expression of PTGS2 (COX2) for participants in pre and post-treatment by 
anthocyanin 

B) The expression of PECAM1for participants in pre and post-treatment by anthocyanin 

Note:, All values are Means ± SEM, n = 15/Normal, n = 23/MetS * between groups 
significant at P-value < 0.05. 
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Table 18. Immune cell mRNA expression of genes inflammatory mediators  

 

Gene 
Name  

Normal 
 (Pre) 

Normal (Post) P-
value 

MetS  
(Pre) 

MetS  
(Post) 

P-
value 

CXCL1 532 ± 61.8 557 ± 91.4 0.996 615 ± 43.9   641 ± 87.9 0.992 

ICAM 951 ± 60.4 838 ± 58.3 0.711 788 ± 55.4 734 ± 89.3 0.933 

IL-1B 44.0 ± 6.30 59.0 ± 7.10 0.208 68.0 ± 8.20 88.0 ± 16.0 0.328 

IL-18 512 ± 32.1 444 ± 33.2 0.601 519 ± 26.1 485 ± 44.6 0.879 

NOS 2 312 ± 22.0 266 ± 23.8 0.141  318 ± 23.8 281 ± 32.5 0.401 

SELL 36.4 ± 7.30 51.0 ± 7.3.0 0.090 65.2 ± 13.5 110 ± 29.1 0.190 

SELPLG 94.6 ± 11.9 79.4 ± 9.40 0.368 129 ± 18.2 138. 8 ± 20.6 0.690 

 

Note: CXCL1, C-X-C Motif Chemokine Ligand; ICAM, Intercellular Adhesion  

Molecule 1; IL-1B, interleukin -1b; IL-18, interleukin -18; SELL, E-selectin, endothelial 

cell leukocyte adhesion molecule; SELPLG, P-Selectin Glycoprotein Ligand; NOS2, 

nitric oxide synthase 2; n = 15/Normal, n = 23/MetS, * between groups significant at P-

value < 0.05. 
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5.3.9 Effect of Anthocyanin on the Expression of PPARG  

To identify a possible mechanism responsible for the different modulation of 

GLUT4 and adiponectin observed in ox-LDL or polyphenol-treated adipocytes, we 

assessed whether Peroxisome proliferator-activated receptor gamma (PPARG) could be 

involved. 

For this purpose, the expression of PPARG mRNA was assessed before and after 

treatment with anthocyanins in both Normal and MetS groups. PlexSet analysis showed 

a significant increase in PPARG mRNA expression from 58.1 ± 6.32 pg/ml before 

consumption of anthocyanin to 93.3 ± 12.8 pg/ml (P-value = 0.013) in human immune 

cells after anthocyanin supplementation (Fig 44). However, in the Normal group, this rise 

was not significant.  
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Figure 44. PPARG expression in participants in pre-& post-treatment by AC 

Note: All values are Means ± SEM, n = 15/Normal, n = 21/MetS, * between groups 

significant at P-value < 0.05. 
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All data have been plotted as dot points in Figure 45 to illustrate the nature of the 

spread of the PPARG gene expression values by gender before anthocyanin 

administration. The results indicated that there is no significant difference observed 

between gender (P-value = 0.8917) when the average mean value for male participants 

was 53.5 ± 6.65 pg/ml, and for female participants was 51.8 ± 10.6 pg/ml. Among the 

participants, there were a few outliers, which could be accounted for high SEM in these 

groups and presented in the graph. 
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Figure 45. The distribution of PPARG gene expression by gender in MetS 

Note: All values are Means ± SEM, n = 17/females, n = 19/males, * between groups 

significant at P-value < 0.05. 
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5.3.10 Expression of Nrf2 Dependent Genes 

The effect of anthocyanin supplementation was investigated on the expression of 

Nrf2 dependent genes. As the results were tabulated in Table 19, it can be seen that no 

significant changes were observed in the expression of NFE2L2 (Nuclear Factor, 

Erythroid 2 Like 2), Catalase (CAT) and NAD(P)H, quinone oxidoreductase 1 (NQO1) 

in either Normal or MetS groups.  

Although, there was a significant rise in the expression of superoxide dismutase 1 

(SOD1) from 69 ± 13.0 pg/ml at pre-treatment level to 106 ± 10.37 pg/ml post-treatment 

(P-value ≤ 0.05), with no significant changes were observed in mean difference (ranged 

43.0 ± 12.5 pg/ml and 72.0 ± 13.0 pg/ml) between pre and post-treatment in the Normal 

groups (Figure 46).  
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Figure 46. The expression of SOD1 after treatment by anthocyanin 

Note: All values are Means ± SEM, n = 15/Normal, n = 20/MetS, * between groups 

significant at P-value < 0.05. 
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All data have been plotted as dot points in Figure 47 to illustrate the nature of the 

spread of the SOD gene expression values by gender before anthocyanin administration. 

There is no significant difference observed between gender when the average mean value 

for male participants was 72.2 ± 15.2 pg/ml, and for female participants was 48.0 ± 11.8 

pg/ml, (P-value = 0.2262). Among the participants, there were a few outliers, which could 

be accounted for high SEM in these groups and presented in the graph. 

                      

M
a le

F e m
a le  

0

1 0 0

2 0 0

3 0 0

SO
D

1 
(p

g/
m

l)

 

Figure 47. The distribution of SOD gene expression by gender in MetS 

Note: SOD, superoxide dismutase, n = 19/males, n = 16/females, between groups 

significant at P-value < 0.05. 

 

Table 19. Immune cell mRNA expression of genes Nrf2 mediators  

Gene  Normal  
(Pre) 

Normal (Post) P-
value 

MetS  
(Pre) 

MetS  
(Post) 

P-
value 

CAT 7095 ± 630 6088 ± 647 0.744 6088 ± 647 5053 ± 739 0.691 

NFE2L2 186 ± 13.4 178 ± 17.1 0.664 206 ± 15.06 215 ± 20.7 0.717 

NQO1 105 ± 6.9 102 ± 9.9 0.780 114 ± 7.7 111 ± 9.9 0.817 

 

Note :  CAT, Catalase; NFE2L2,  Nuclear Factor, Erythroid 2 Like 2; NQO1, NAD(P)H 

dehydrogenase [quinone] 1; n = 15/Normal, n = 23/MetS, between groups significant at 

P-value < 0.05. 
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5.4 Discussion  

Anthocyanins were discovered to be a potent antioxidant and have been 

extensively studied in animal and cellular studies, suggesting promising results on energy 

metabolism and metabolic profile (287, 461). This study demonstrated that anthocyanin 

supplementation in MetS subjects exerted favourable metabolic adaptations by improving 

lipid profile, fasting blood glucose, platelet function, and reducing inflammatory markers. 

In addition, it found that anthocyanin supplements can inhibit the expression of 

proinflammatory genes related to the NF-κB pathway. The results showed that 

anthocyanins could stimulate the gene expression of PPARG and antioxidant defence 

system in the MetS subjects. 

Baseline full blood examination (FBE) results are often used in the general 

evaluation of an individual’s health. The normal ranges were established by the Royal 

College of Pathologists Australia (334). The data showed that most of the participants 

were within the normal ranges. However, participants who had abnormal PLT or MPV 

values were excluded from the platelet activity study. Furthermore, FBE results indicated 

that anthocyanin supplementation for four weeks had no significant effect on FBE results 

in both Normal and MetS groups 

 

Hyperglycaemia, as an important metabolic syndrome component, increases 

chronic oxidative stress and appears to underlie the development of atherosclerosis (462). 

This study demonstrates that a four-week period of anthocyanin supplementation 

decreased fasting blood glucose (13.3%) in MetS patients. Increased oxidative stress 

seems to be a deleterious factor leading to pancreatic β-cell dysfunction (463). DNA 

damage in pancreatic β-cells can be caused by an inflammatory response to the high 

production of reactive oxygen and manifests as a reduced β-cells mass in pancreatic islets 

(464). The relationships were found between FBG and CRP, BMI, cholesterol, and LDL 

that confirmed the interconnection between all metabolic syndrome components. A 

favourable effect of anthocyanin in the significant reduction of glucose concentration in 

the MetS population can be supported by activation Peroxisome Proliferator-activated 

Receptor-γ (PPARG). Pharmacologic PPARG activation (Figure 48) has been shown to 

increase insulin secretion (465, 466) and stabilise β cell function (465, 467). These 
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findings support the hypothesis that anthocyanins may play a potential role in the 

therapeutic strategy to prevent the pathogenesis associated with metabolic diseases.           

 

 

Figure 48. Effect of PPARG activation on glucose and lipid metabolism. 

Diagram summary; It is generally accepted that PPARG agonists induce adipose tissue 
remodelling. Improved glucose homeostasis is achieved by both increased glucose and 
insulin sensitivity of tissues, the PPARG activation on the genes also involved in 
inflammation.  

 

The current study showed that in MetS patients, anthocyanin derived from berries 

had favourable effects on the lipid profile by a significant reduction in the concentration 

of LDL-C (33.1%), TG (24.86%) and total cholesterol (14.13%). Other studies have also 

found that the anthocyanin supplement produced beneficial effects in improving the lipid 

profile (101, 468, 469). The current study also found very strong positive relationships 

between cholesterol and FBG and UA. TG also had a very strong relationship with CRP, 

FBG, BMI, cholesterol and UA, these results are similar to those seen in the previous 

study (Chapter 3) confirming the interconnection between MetS components and 

highlighted the important link between oxidative stress and inflammation with abnormal 

lipid profile.  
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Inflammation plays a vital role in the pathogenesis of atherothrombotic events 

(470). Inflammation also regulates the production of acute-phase proteins such as C-

reactive protein (CRP) a marker of subclinical inflammation related to atherosclerosis 

(471). The role of various pro-inflammatory cytokines in the progression of 

atherosclerosis has examined in many studies, particularly C-reactive protein (CRP) as 

the best validated inflammatory biomarker (472), (473). This current study demonstrated 

that the administration of purified anthocyanin for four weeks decreased, but not 

significantly, serum levels of hs-CRP (18%) in MetS subjects. Since a similar study with 

24 months, consumption of anthocyanin supplement showed a significant result in a 

reduction of hs-CRP (132), it is believed that if the intervention continued for a longer 

period, a significant reduction could be expected. However, the findings here are 

inconsistent with the healthy volunteers, which showed no improvement of hs-CRP as an 

inflammatory biomarker was seen. Levels of CRP are usually low or undetected in 

healthy subjects. However, they increase during acute illness or inflammation in response 

to inflammation and infection (474). As a result, the hs-CRP values remained unchanged 

in the Normal group despite treatment with anthocyanin due to the health status of these 

participants who already had low hs-CRP values. Moreover, in this study a significant 

gender difference was found in the population distribution of CRP. The result agrees with 

other study that women have higher CRP values than men (475). Further research is 

required to clarify whether gender and race differences in CRP levels contribute to 

differences in cardiovascular outcomes, and whether thresholds for cardiovascular risk 

evaluation should be modified for different gender and race groups. 

 It was also noted that the reduction in hs-CRP values after four weeks 

intervention was positively correlated with the changes in LDL-C level and fasting blood 

glucose levels. A correlation has been described here between CRP and serum uric acid 

levels, agrees with other studies (476),(477). A significant independent association was 

found between uric acid and inflammatory markers, such as CRP, interleukin and tumour 

necrosis factor (TNF-α) levels (125, 477), suggesting that uric acid is not only a marker 

of the catabolic rate, but it may also be actively involved in the inflammatory process. 

The results of the current study presented that uric acid, similar to the CRP, had a 

downward trend from baseline, but not significantly, probably because of the short period 

of anthocyanin supplementation.  
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  Increasing attention has focused on links between inflammatory and thrombotic 

processes, particularly in the setting of atherothrombosis (478, 479). Despite evidence 

that both IL-6 and CRP may have an important role in such events (480), there have been 

few studies investigating the possible role of inflammatory mediators in the 

prothrombotic state of atherosclerosis. The result of my study showed that there are strong 

correlations between activation of platelet surface markers which is measured by 

expression of P-selectin (CD62P) and CRP, TG and BMI. This finding here confirmed 

that the inflammatory biomarkers such as CRP influences on the activation and 

aggregation of platelets. Thus, it can be hypothesised that anthocyanins which showed in 

both in-vitro and in vivo studies reduced inflammatory biomarkers such as IL-6, would 

also reduce platelet activation by reducing the expression of P-selection. As predicted, 

the result revealed that anthocyanin supplementation significantly decreased platelets 

activation-associated conformational changes represented by the expression of anti-CD 

62P (P-selectin) in ADP-stimulated platelets by 40% after normalising with an ADP-

unstimulated sample, with no changes in the Normal group.  

Platelets can be activated by an alteration of the platelet redox state. However, the 

presence of antioxidants inhibits the ADP-induced receptor activation and monocyte–

platelet aggregation (481),(482),(140). This finding indicates that the berry derived 

supplements may exert a favourable effect on platelet function. Therefore, findings 

suggested that anthocyanin supplements mitigate biomarkers of platelet hyperactivation 

and hyper-aggregation in MetS population. Platelet activation, oxidative stress and 

inflammation are essential contributors to pro-thrombotic progression, particularly in 

MetS populations (479). Obesity and physical inactivity which present in MetS patients 

cause a dysfunction in the metabolic system by initiating endothelial dysfunction due to 

platelet hyperactivity and aggregation, increasing free radical production, lipid 

peroxidation; thereby accelerating thrombogenesis (483, 484). NO production by the 

vascular endothelium prevents the activation and adherence of circulating cell and 

platelets on the blood vessel wall through a mechanism involving the production of 

second messenger cGMP, that leads to a specific down-regulation of P-selectin and 

glycoprotein IIb/IIIa expression on platelets and endothelial cells (485), (486), (487).  

Therefore, loss of this preventive effect of NO, causes a change in the endothelial cell to 

a prothrombotic, proinflammatory condition, contributing to atherosclerosis. 
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Anthocyanins as a potent antioxidant can act as scavengers in reducing physiological 

oxidative stress, free radical generation and pro-thrombotic conditions (271). It has been 

shown that anthocyanins exhibit anti-thrombotic properties by antioxidant (488) and anti-

inflammatory activities (380). 

NF-κB is a crucial transcription factor that regulates cellular immune responses 

to infection and higher-order oxidative stress by coordinating a pro-inflammatory 

response (Figure 49). NF-κB is sequestered in the cytosol by the inhibitor protein IκBα 

(NF-κB inhibitor - alpha) (294). The release of NF-κB requires the phosphorylation of 

IκB by cytosolic protein IKK (IκB kinase). The activation of NF-kB leads to the induction 

of pro-inflammatory mediator expression, including inducible COX2, iNOS, NO, IL-1, 

IL-6 and TNF-α (295), adhesion molecules (296) and chemokines (297). Inflammatory 

related genes such as COX-2 and adhesion molecules contain binding sites for several 

important transcription factors, including NF-κB (489-491). Hence, the present study 

investigated the anti-inflammatory effect of anthocyanins through the inhibition of the 

NF-κB signalling pathway by evaluating the expression of NF-κB target genes. The 

results suggested that anthocyanins inhibited the expression of NF-κB associated genes, 

including the expression of TNF-α, IL-6, IL-1A, PCAM-1 and COX-2 in MetS subjects.  

NF-κB activation is associated with the coordinated activation of a series of 

cytokines and adhesion molecules such as PCAM-1 which is responsible for monocyte 

adhesion and increased vascular inflammation. In addition, the genes regulated by the 

NF-κB family of transcription factors are involved in the inflammatory response COX-2 

(492, 493). NF-κB is activated by a vast number of agents, including TNF-α. A primary 

site of action of TNF-α is the vascular endothelium, where it induces inflammatory 

responses by enhancing adhesion molecule expression and secretion of inflammatory 

mediators (494) (Figure 49). TNF-α has been implicated in the pathogenesis of 

endothelial dysfunction and is known as a proinflammatory cytokine (495).  Many 

previous investigations have indicated that inhibition of the expression of TNF-α 

effectively reduces endothelial dysfunction (496-498). TNF-α causes NF-κB 

translocation into the nucleus, which may inhibit by pre-treatment with anthocyanins 

supplements. The result of the current study showed that anthocyanin supplements might 
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inhibit the translocation of NF-κB from the cytosol to the nucleus where it is active in the 

regulation of the transcription genes.  

In this study, the questions were addressed whether in vivo consumption of an 

anthocyanin‐rich berry affects the transcription of Nrf2‐dependent genes in white blood 

cell that extracted from whole blood, and the level of oxidative DNA damage in these 

cells in healthy compared to MetS subjects. In MetS subjects, the transcription of SOD1 

was elevated throughout the observation period four weeks, whereas transcription of 

NQO1, HO‐1 and CAT remained unchanged in both groups. Therefore, the consumption 

of anthocyanin‐rich supplements was not found to modulate Nrf2‐dependent gene 

expression in white blood cells. The finding from this study also confirmed the results 

from the in vitro study that showed that anthocyanin treatment had no significant effect 

on GSH/GSSG ratio in the HEAC and D-HEAC cell lines. The present study concluded 

that anthocyanin supplement extract from berries regulated the expression of TNF-α-

induced inflammatory genes through the NF-κB dependent pathway. These findings 

suggest that anthocyanin supplements may have beneficial effects for reducing CVD risk 

factors through inflammatory activity.  
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Figure 49. Schematic presentation of Nrf2 and NF-κB pathways 

Note: HO-1, heme oxygenase-1; NQO1, NAD(P)H, quinone oxidoreductase 1; 
SOD, superoxide dismutase; ROS, reactive oxygen species; NF-κB, nuclear factor kappa-
light-chain-enhancer of activated B cells; IκBα, NF-κB inhibitor – alpha; IKK, IκB 
kinase; Nrf2, nuclear factor erythroid 2-related factor 2; ARE, antioxidant response 
element; Keep, Kelch-like ECH protein; ICAM-1, intercellular adhesion molecule-1; 
VCAM-1,Vascular smooth muscle; COX-2, cyclooxygenase-2. 
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5.5 Conclusion  

To the best of my knowledge, this is the first RCT conducted explicitly using a 

sample of Australian males and females with MetS to investigate the effects of purified 

anthocyanins on glucose homeostasis, oxidative stress, inflammatory biomarkers, platelet 

hyperactivity, lipid abnormality and expression of atherogenic genes. This study showed 

that the significantly higher platelet activation, antioxidant and inflammatory markers in 

the MetS group. Therefore, it is inferred that the progression of atherosclerosis is 

associated with platelet hyperactivity, inflammation and oxidative stress in the MetS 

population. The results indicated that 4-week supplementation of anthocyanins had 

favourable effects on reductions in FBG, TG, LDL-c, platelet hyperactivity, the 

expression of NF-κB target genes. Further analysis suggested that MetS participants with 

elevated metabolic markers may obtain more beneficial improvements in cardiometabolic 

profiles. Moreover, anthocyanins have anti-inflammatory effects along with 

downregulation of expression of genes associated with low-grade inflammation. Thus, 

these favourable effects of berry-rich anthocyanins as effective dietary supplements may 

be used as a preventive approach to ameliorate the risk of atherosclerosis. 
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5.6 Strengths and Weaknesses 

The primary purpose of this Chapter was to investigate the atheroprotective 

effects of anthocyanin supplements on the cardiometabolic risk factors. This study is 

unique as for the first time the protective effects of anthocyanins have been examined not 

only on lipid profile, glucose level and inflammatory biomarker but also on prothrombotic 

state and the expression of proinflammatory, antioxidant defence system and regulator of 

energy homeostasis genes in both healthy and metabolic syndrome populations.  

Nonetheless, there are a few limitations to this study. The primary limitations of 

this study include the relatively small sample and the lack of a placebo control group to 

measure the actual effect of the treatment being tested. Future study is recommended to 

consider a placebo control group to measure the actual effects of anthocyanin 

supplementation. Moreover, this study showed that after four weeks consumption of 

purified anthocyanins, the increased CRP was modest in the MetS group, this effect may 

increase following long-term consumption and may positively affect the development of 

atherosclerosis in the long-term supplementation. Importantly, future studies should 

include other inflammatory parameters at the protein levels such as TNF- alpha and IL-6 

to assess whether similar effects are produced. 

Further, the current study results showed that these anthocyanin supplements had 

no beneficial effect on the marker of oxidative stress, in the short-term among MetS 

group. Thus, it may be suggested for a future study with a more extended period and 

measuring other direct oxidative stress biomarkers such a catalase and superoxide 

dismutase. Furthermore, this study showed that the anthocyanin ameliorated the FBG in 

MetS participants. It could not be determined whether these effects were attributed to the 

improvement of insulin sensitivity or insulin secretion. Thus, insulin measurements can 

be included in a future study. Finally, since there was a significant difference between 

CRP values between gender, further research is needed to determine whether gender 

differences in CRP levels contribute to differences in CRP outcomes and whether 

thresholds for cardiovascular risk assessment should be adjusted for different gender 

groups. 
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CHAPTER 6 

Summary and Future Perspectives 

 

 

Chapter overview  

This final chapter closes the thesis by discussing the findings of the overall thesis 

in the context of the literature. It acknowledges the limitations and strengths of the thesis 

and includes suggestions for future research. 
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6.1 Consolidated Finding of This Thesis 

Metabolic syndrome is described as a constellation of interconnected biochemical, 

clinical, physiological and metabolic factors that directly improve the risk of 

cardiovascular disease and all-cause mortality. However, it is not fully understood how it 

initiates and how the different components are connected among them. It is hypothesised 

that inflammation and oxidative stress have been implicated in the pathogenesis of both 

the metabolic syndrome and atherosclerosis. For the reason that both of these diseases are 

associated with considerable morbidity and mortality with an increasing health burden, it 

is important to assess the relationship and find possible links between the two conditions 

and underlying mechanisms. Therefore, this research was related to the role of 

inflammation and oxidative stress in metabolic syndrome and how it can be mitigated to 

improve outcomes in people with the components of MetS and reduce the death rate 

associated with atherosclerosis.  

 Initially, we examined the metabolic syndrome components on a population with 

high compulsory sitting time, such as transport drivers. The key message in this section 

was that a sedentary occupation such as that of transport drivers exhibited a high 

prevalence of a cluster of MetS risk factors, including obesity, hyperglycemia, high blood 

pressure and lipid profile abnormality, which make them highly susceptible to the 

development of atherosclerosis. Available evidence-based on high incidence MetS 

components among the study population suggests that occupational sitting is likely to be 

a common hazard in transport drivers. Occupational sitting is associated with adverse 

health outcomes and is an important issue which needs attention in the transport sector. 

Other studies also showed that the environment and job demands (long irregular hours 

and enforced sedentarism) within the transport industry constrain the enactment of 

healthy lifestyle behaviours, and are thus responsible for high levels of obesity and MetS 

(321, 322). Moreover, the finding in the study population revealed that there were 

associations between oxidative stress and chronic inflammation with other metabolic 

syndrome components. It might suggest that the underline role of oxidative stress and 

chronic inflammation in the initiation and progression of metabolic syndrome.  

It is predicted that the impact of low-grade inflammation and oxidative stress may 

appear first in vascular endothelium as a first layer line in all vessel walls. The vascular 
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endothelium performs a critical role in the mechanics of blood flow, regulation of 

coagulation, vascular smooth muscle cell growth, inflammation and immune functions 

(499). Endothelium dysfunction is characterised by the shifts of endothelial cells actions 

towards the proinflammatory and prothrombotic state, leading to the progression of 

atherosclerosis (500). Endothelial dysfunction is known as an early pathogenetic event in 

the metabolic syndrome and a predictor of vascular events and seems to be a marker of 

uncontrolled atherosclerosis in metabolic syndrome patients (26). Endothelial 

dysfunction is recognised as a critical factor during the initiation of atherosclerosis and 

plays a fundamental role in the pathogenesis of diabetic vascular disease (175). However, 

the underlying mechanisms remain unclear. Based upon the evaluation of available 

literature, an in vitro study was carried out to confirm the possible mechanistically 

understanding of what happens in the in vivo study. Because the first study demonstrated 

that the active roles of low-grade inflammation and oxidative stress in the pathogenesis 

of both atherosclerosis and metabolic syndrome, anthocyanins which were shown to have 

both anti-inflammatory and antioxidant activities and were suggested as a possible 

therapeutic approach. Therefore, in vitro experiments using endothelial cells with known 

concentrations of anthocyanin demonstrated its direct effect against oxidative stress and 

inflammation and conducted before a human trail to validate effect of anthocyanin. 

Thus, in the next chapter, the antioxidant and anti-inflammatory effects of 

anthocyanins were examined in healthy and diabetic cell models. It was hypothesised that 

anthocyanins which are antioxidants and have anti-inflammatory properties that increase 

the activity of antioxidant enzymes and decrease pro-inflammatory cytokines in vitro. 

The effect of anthocyanins was evaluated on the antioxidant enzymes GSH/GSSG and 

inflammatory marker IL-6 in endothelial cells. The substantial finding of this study was 

that anthocyanin treatment had a significant effect on inflammatory markers, measured 

by IL-6 levels, in both healthy and diabetic cells, with the most significant effect seen in 

the preservation of diabetic cells subjected to inflammation. This result agrees with other 

recent in vitro studies confirmed the protective effects of anthocyanin against 

inflammation (501-503). This study also found that anthocyanins did not enhance GSH 

and GSSH activities at this concentration. Thus, the antioxidant activity of anthocyanin 

may need further investigation. 
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The in vitro study demonstrated that anthocyanins protect endothelial cells against 

inflammatory insult. It is predicted that this effect may be observed in vivo experiment. 

Based on in vitro results, it was considered worthwhile conducting a human trail. 

Therefore, the last chapter examining the in vivo effects of berry-rich anthocyanin 

on features of metabolic syndrome, including fasting blood glucose, lipid profile, 

inflammatory markers, an antioxidant marker (uric acid), platelet surface markers, and 

the expression of pro-atherogenic genes in MetS subjects. Anthocyanin consumption for 

four weeks significantly decreased fasting blood glucose (FBG), triglyceride, LDL in the 

MetS group compared to Normal group. There was a positive correlation between 

decreased hs-CRP values and the levels of LDL-C and FBG in the MetS group. 

Anthocyanin supplements also decreased ADP-induced platelet activation configuration 

expressed as P-selectin, which suggesting a decreased risk of blood clotting and 

thrombosis. To determining whether NF-κB can be inhibited by treatment of 

anthocyanins, the expression of NF-κB dependent genes was evaluated. The results 

suggest that anthocyanin concentration inhibited the expression of NF-κB associated 

genes, including the expression of TNF-α, IL-6, IL-1A, PCAM-1 and COX-2 in MetS 

subjects. This result agrees with in vitro experiment in this thesis, in which both in vitro, 

as well as a clinical trial, confirmed the protective effects of anthocyanin against 

inflammation. The study results show that berry supplements may improve selected 

features of metabolic syndrome and related cardiovascular risk factors due to anti-

inflammatory property.  
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6.2 Implications   

The results of this thesis showed mixed findings. Based on my research on 

reducing the cardiovascular risk factor in transport drivers in Chapter 3, there are some 

potential necessary changes within the transport industry to improve driver workforce 

health and to increase the sector’s appeal to the staff. This section compiles several 

recommendations for the transport sector to improve transport drivers’ working 

conditions and ultimately lower their risk of CVD. Because of the high incidence of 

metabolic syndrome component among the study population, promoting healthy 

behaviours and lifestyle should be introduced as a priority within the sedentary 

occupations. These interventions should be focused on promoting and developing 

prevention strategies to improve health and reduce the risk of atherosclerosis. Because of 

prolonged sedentary position increased oxidative stress and inflammation, limit weekly 

working hours to facilitate the balance between work and family life and allow people 

with sedentary occupations to engage in other activities.    

Based on the findings from Chapter 4 and 5, this is a crucial point to note that both 

in vitro and in vivo studies confirmed the anti-inflammatory effect of anthocyanins. This 

compound can be considered an anti-inflammatory agent. Since the result from this study 

showed that anthocyanin supplements had anti-thrombotic effects through reduction of 

platelet activation and the expression of NF-κB dependent genes involved in a 

cardiovascular disorder such as atherosclerosis in MetS patients, it may be used as a 

method for reducing cardiometabolic risk factors in MetS patients. Therefore, the studies 

presented in this thesis provide evidence that anthocyanin supplements may have possible 

cardioprotective qualities. It could be assumed fruits with anthocyanins or Medox 

anthocyanin supplements will have a beneficial effect on CVD risks in MetS population, 

as it appears that these supplements can reduce the detrimental effect of chronic 

inflammation, implicated in many other diseases such as cancer. 
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6.3 Overall Goals and Limitations of This Thesis 

One of the goals in Chapter 3 of this thesis was to measure multiple aspects of 

MetS components, including, biochemical assays, anthropometric assessments, and 

physical activity for assessment of the present risk of atherosclerosis. This approach, 

therefore, overcame the limitations of measuring just one risk factor of MetS. Secondly, 

the research was strengthened by our knowledge of sedentary behaviours and their 

associated MetS risks. This research provides new information on the sedentary lifestyle 

and how it is affected, using a sample of bus drivers.  

Provided the pilot nature of the present study, limitations of this work include the 

relatively small sample and the lack of a control group. The data are also restricted to bus 

drivers recruited from two workplaces within the Gold Coast. Regardless of these 

limitations, this pilot study is the first of its kind to assess a multicomponent of metabolic 

syndrome targeting inflammation and oxidative stress in a sample of transport drivers. 

Future research should build on this pilot work using a robust cluster randomised 

controlled trial, using bus drivers from multiple sites. 

Chapters 4 and 5 have multiple strengths. Firstly, they provide novel evidence for 

underlying mechanisms, including proinflammatory cytokines responses and antioxidant 

defence system, which could potentially influence CVD prevention strategies. Secondly, 

the major atherosclerosis risk factors were examined and compared in healthy and MetS 

populations, along with the expression of associated genes. Thirdly, it is the first time that 

in vivo results were confirmed by in vitro study on the MetS population and cell line 

models.    

Nevertheless, these studies are not without limitations. The main limitation for the 

in vivo study was specifically that no placebo-treated group was used. The role of a 

placebo-treated group in medical studies is significant to demonstrate the real effect of 

treatment. There are also some limitations in Chapter 4 regarding the cell culture study, 

which lacked the hemostatic mechanisms seen in human tissue. Therefore, it is hard to 

infer whether the reaction seen here would happen in the human body. Cell culture 

research can be applied to explore potential mechanisms by which anthocyanins may 

impact the body but cannot be utilised for dietary intake recommendations or applied to 
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other cell types.  The fruit is composed of many different types of anthocyanins with 

attached sugar moieties. Such bonds affect bioavailability and reactivity, which were not 

examined in this study. However, this research allows some idea of the mechanisms by 

which anthocyanin affect endothelial cells, although the response in the body may be 

different. The findings of the recent study can serve as a reference for future studies using 

anthocyanin.  
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6.4 Recommendations for Future Research 

Several suggested future studies are arising directly from the research undertaken 

in the current thesis. This research initially highlights the impact of a sedentary lifestyle 

on the metabolic syndrome components in a population of transport drivers who are an 

at-risk occupational group. The present sample of transport drivers sit for long period of 

time at work and outside work and display an unhealthy cardiovascular profile. Further 

research should investigate in other sedentary occupations. There is a need for further 

inspection to investigate the relationship between MetS risk factors and other lifestyle 

behaviours, such as smoking, alcohol intake and diet, in more extensive and more diverse 

samples of sedentary populations. Moreover, this research could be expanded to include 

other occupations with a compulsory sedentary job nature, such as train drivers, tram 

drivers, long truck drivers and airline pilots. Following an increase in our understanding 

of the lifestyle behaviours in compulsory sedentary occupations, along with the obstacles 

and facilitators to healthy lifestyles, tailored interventions should be developed, pilot-

tested, and then examined. If successful, these interventions could eventually inform 

policy changes. Nevertheless, before achieving these policies, the intervention needs 

formal assessment.  

In the next Chapter, the anti-inflammatory and antioxidant effect of anthocyanin 

were examined on the endothelial cells in a setting of acute induced inflammation. The 

study findings demonstrated that anthocyanin compounds had protective effects on 

vascular endothelial cells exposed to lipopolysaccharides (LPS). Therefore, the current 

study results suggest that anthocyanin might play a role in the protection of endothelial 

cells from activation in states of inflammation and may improve endothelial dysfunction. 

However, further studies are required for elucidation of the inhibitory mechanisms of this 

supplement. It will be needed for future studies to expand on the results and explore 

specific types of anthocyanins and/or mixtures. In addition, it will be necessary to explore 

different methods for measuring oxidative stress by measuring the activity of specific 

antioxidant enzymes, such as catalase and superoxide dismutase, to confirm the result 

from GSH/GSSG-Glo assay. Studies should be performed to evaluate the effect of 

anthocyanin compounds on the expression of pro-inflammatory and antioxidant genes to 

explore the direct effect of these products on the gene expression of endothelial cells. 
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Such research would allow a better understanding of the underlying mechanisms behind 

endothelial dysfunction. 

Finally, to measure the actual effect of anthocyanin treatment in the MetS 

population, which was discussed in Chapter 5, it is required for a future study to include 

a placebo control treatment group. Those who receive placebo in medical studies serve 

an essential role. Their responses help provide an excellent way to measure the actual 

effect of the treatment being tested. The placebo group provides a vital baseline result to 

compare with the treatment group. Further rigorous, prospective studies are needed to 

involve large patient populations with outcomes of berry intervention that include all 

CVD biomarkers with the related genes. Also, comparative human intervention studies 

should compare the effects of whole berries versus purified berry anthocyanin 

supplements, and any potential synergistic effects with other nutrients or medications.  

In summary, the primary objective of the present research was to determine the 

physiological effects of consuming berry-rich supplements containing high 

concentrations of anthocyanins on the components metabolic syndrome. Overall, 

consumption of anthocyanin supplements lowered inflammation associated with elevated 

CRP and IL-6 and lowered the expression of proinflammatory genes. Anthocyanins are 

one of the most commonly consumed fruits such as berries. This study revealed that there 

are many physiological health benefits associated with regular intake of berry-rich fruit 

or their supplements consumption; these include a decrease in inflammatory damage and 

oxidative stress that is associated with metabolic syndrome and atherosclerosis. Long-

term consumption of antioxidant-rich berry may prevent the development of these chronic 

diseases. 
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Appendix 5 

Information sheet  

Date: ______________________ 
 
Name: ____________________________________________DOB: _______________________Age: _______ 
 
Gender: Male/Female____________________________________________________________ 
 

HEALTH                                        Please circle correct answer 

Do you have any health or medical problems? Yes No 

If yes, please describe your health or medical problems 

 

Do you take any medications/supplements?   Yes No 

If yes, please list your medications/supplements 

 

Do you smoke? Yes No 

If yes, how many cigarettes do you smoke per day? 

 

Do you drink alcohol? Yes No 

If yes, circle the type of alcohol you drink the most frequently 

Full strength beer      Light Beer       Wine         Spirits         Cider        Mixers 

If you drink alcohol, how many standard drinks would you have per week? (e.g. 
1 stubbie full strength beer or 1 glass of wine = 1.5 standard drinks) 
 

Do you do any exercise or physical activity   Yes No 

If yes, please describe the type of exercise that you do. Eg. Football 
training/moderate-paced walking/weight lifting etc. Please also describe how 
long you exercise for each session, and how often. Eg. Running for 30 minutes 3 
times per week/football training for 1 hour one time per week. 
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LIFESTYLE AND WORK 

 

How many hours do you work per week on average? 

 

How long are your usual work shifts? 

 

Do you work night shifts? 

 

Yes No 

If you work night shifts, how often? 

 

How would you generally describe your stress levels? (Please circle) 

 

       Low            Moderate               High                  Extremely High 

 

What types of things make you stressed? Please describe. 

 

 

What do you do to help relieve your stress? 

 

 

How do you relax? 

 

 

How many hours do you sleep per night on average? 

 

What are your living arrangements? (Please circle) 

 

Live alone       Live with partner     Share with others    Other________________________ 
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