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ABSTRACT 
 

The metabolic system is one of the most fundamental requirements for precise 

physiological functioning and survival. The dysfunction of this system can lead to a 

variety of chronic metabolic disorders such as cardiovascular disease (CVD) and type 

2 diabetes (T2DM). According to the National Heart Foundation of Australia, CVD 

and stroke is the leading cause of death in Australia, with 45,622 deaths in 2011. 

Oxidative stress plays a central role in the pathogenesis of a wide range of 

cardiovascular related diseases, including thrombosis, T2DM, hyper-cholesterolaemia 

and atherosclerosis. Extensive research during the last 25 years has demonstrated that 

free radicals, particularly, reactive oxygen species and reactive nitrogen species play a 

cardinal role in the damage caused by oxidative stress. There is increased oxidative 

stress due to pathological conditions such as T2DM and lifestyle related disorders 

such as obesity, which impairs muscle glucose uptake, by damaging the blood vessel 

walls, by oxidising lipids and in turn activating platelets resulting in thrombosis and 

other cardiac complications.  

To minimize free radical damage, there is a complex endogenous antioxidant 

defence system, including antioxidants within cells, cell membranes and extracellular 

fluids. To maintain redox balance against oxidant conditions, blood has a central role 

as it transports and redistributes antioxidants to every part of the body. Deleterious 

effects of physiologically produced free radicals are neutralised by antioxidants in the 

body. But when there is an imbalance in the levels of free radicals and endogenous 

antioxidant production, there arises a need for exogenous antioxidants to ameliorate 

side effects such as platelet hyper-activation and lipid oxidation.  

In this respect, natural exogenous antioxidants such as flavonoids, phenols and 
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oleuropeosides have been shown to possess an important antioxidant activity towards 

these radicals, which is principally based on the redox properties of their phenolic 

hydroxyl groups and the structural relationships between different parts of their 

chemical structure. These antioxidant compounds, broadly known by the term 

polyphenols, naturally occur in fruits and vegetables, wine, tea, extra virgin olive oil, 

chocolate and more. Polyphenols are claimed to be beneficial in reducing oxidative 

stress related cellular damage and antithrombotic properties thereby aiding in 

reducing vascular complications. The main focus is on the anti-thrombotic potential of 

these naturally occurring compounds due to the need for alternative anti-platelet 

therapeutics with reduced resistance and non-responsiveness. In spite of the efficacy 

of current anti-platelet therapeutics in reducing platelet hyper-activation and 

thrombotic risk, several instances of drug resistance and side-effects have been 

reported especially in populations with metabolic disorders like obesity, coronary 

heart disease and T2DM. This has warranted for naturally available compound/s 

which could potentially function alongside or replace current antiplatelet therapeutics 

in at-risk populations. 

In the first in vitro analysis, the synergistic and discrete effects of taurine and 

caffeine (potential antioxidant compounds) on platelet aggregation and coagulation 

parameters, important modulators of haemostasis, have been evaluated (Chapter 3). 

The next step was to analyse the ability of hippuric acid, potential active metabolite 

post polyphenol rich food consumption, hypothesized to impart its antioxidant effect 

in reducing platelet activation (Chapter 4). The favourable effect of these compounds 

on cardiovascular protection by reducing platelet activation/aggregation, provided a 

direction into the possible involvement of dietary antioxidants/polyphenols in 

reducing the risk of thrombosis. Consequently, it was hypothesised that antioxidants 
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in a novel plum variety, Queen-Garnet plums (QGP), could be effective in reducing 

the risk factors of thrombosis. A randomised, double-blind, 4-week dietary 

intervention trial was performed (Chapter 5) to evaluate the activity of QGP 

antioxidants, especially anthocyanins, in targeting simultaneous pathways of platelet 

activation-related thrombogenesis. It was observed that QGP antioxidants, possibly 

anthocyanin, the major pigment in the fruit, was responsible for a significant 

reduction in platelet aggregation/activation, oxidative stress and a favourable effect on 

coagulation profile. Furthermore, the mechanism of action of anthocyanin-rich QGP 

on platelet activation under exercise-induced oxidative stress conditions to mimic the 

physiological oxidant stress environment in condition such as diabetes was 

investigated in healthy individuals (Chapter 6). The mode of action of various 

antioxidants investigated, namely, hippuric acid and QGP anthocyanin, displayed a 

significant effect on the reduction of platelet de-granulation (a process of platelet 

activation involving its cytoplasmic granule release), platelet aggregation and 

coagulation profile. Due to the exhibited favourable effects of polyphenols on platelet 

de-granulation, the genetic involvement of antioxidants in QGP was analysed by 

investigating the expression of the gene responsible for activation dependant platelet 

granule release, SELP (Chapter 7). Interestingly it was observed that polyphenols did 

not have a significant effect in the modulation of pro-thrombotic gene expression. 

From the observed effects of polyphenols on platelet aggregation/activation, oxidative 

stress and haemostatic function, further studies comparing the effect of anthocyanin 

rich QGPJ and current anti-platelet therapeutics such as aspirin in pro-thrombotic 

conditions such as diabetes, sedentary or obese population is warranted. 
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Abstract 

Dietary sources of polyphenols, which are derivatives and/or isomers of flavones, 

isoflavones, flavonols, catechins and phenolic acids possess antioxidant properties, 

therefore, might be important in preventing oxidative-stress-induced platelet 

activation and attenuate adverse haemostatic function. Free radicals including reactive 

oxygen and nitrogen species promote oxidative stress, leading to platelet hyper-

activation and risk of thrombosis. Consumption of antioxidant/polyphenol rich foods 

might, therefore, impart anti-thrombotic and cardiovascular protective effects via their 

inhibition of platelet hyper-activation or aggregation. Most commonly used 

antiplatelet drugs such as aspirin block the cyclooxygenase-1 (COX-1) pathway of 

platelet activation similar to the action of antioxidants in neutralizing hydrogen 

peroxide with similar effect on thromboxane production via COX-1 pathway. 

Polyphenols also have the potential to target various other platelet activation pathways 

e.g. by blocking platelet-ADP, collagen receptors; alleviating fibrinogen binding to 

platelet surface (GPIIb-IIIa) receptors reducing further platelet recruitment for 

aggregation and inhibiting platelet degranulation. Due to the ability of polyphenols to 

target additional pathways of platelet activation, they may have the potential to 

substitute or complement currently used anti-platelet drugs in sedentary, obese, pre-

diabetic or diabetic populations who can be resistant or sensitive to pharmacological 

antiplatelet therapy. 
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1.1 Introduction 

Oxidative stress, platelet hyper-activity and inflammation play a central role in the 

pathogenesis of many disorders including cardiovascular disease (CVD), thrombosis, 

type 2 diabetes mellitus (T2DM), hypercholesterolemia and atherosclerosis (1-4). Free 

radicals, particularly, reactive oxygen and nitrogen species (5) play a cardinal role in 

the development of oxidative stress proceeding to hyper-activity or increased 

adhesiveness of platelets (6). For example, oxidative stress observed in conditions 

such as T2DM (7) causes impaired muscle glucose uptake (8), lipid oxidation and 

endothelial cell damage/dysfunction, leading to platelet activation, increased risk of 

thrombosis and cardiac complications (9). The coagulation and activation state of 

platelets represents an important biomarker for the prediction of future CVD. Arterial 

wall endothelial damage or atheromatous plaque injury represent initial steps in 

platelet related thrombogenesis. Platelets then adhere to the damaged endothelium; 

undergo a physical change in shape, followed by degranulation and activation. Platelet 

activation results in binding of fibrinogen to receptors on the platelet surface finally 

resulting in thrombus formation. Several antiplatelet drugs such as aspirin, clopidogrel 

have been developed to reduce platelet hyperactivity/aggregability to alleviate 

thrombotic risk (10-12). They have been designed to target and inhibit different 

platelet activation pathways by blocking receptors for platelet activation/aggregation. 

Although antiplatelet drugs have been the mainstay of treatment and management for 

arterial thrombosis by inhibiting platelet activation, there has been resistance (13), 

sensitivity and side effects (14-16) to therapeutic doses. Furthermore, a single drug 

does not simultaneously target all the pathways of platelet activation e.g. aspirin and 

clopidogrel are administered in combination to block two different platelet activation 

receptors (17, 18).  
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The results of many epidemiological studies demonstrate a protective role of 

antioxidants through consumption of a diet rich in fruits and vegetables (19-21). A 

cohort study conducted by Hung et al. recommended consuming five or more servings 

of fruits and vegetables every day for lowering the risk of CVD (22). Recent reviews 

have focused on the protective effects of polyphenols in relation to its anti-cancer 

properties (23, 24) and even HIV/AIDS (25). They have also been shown to prevent 

or slow the development and progression of atherosclerosis and other CVDs (22, 26). 

Polyphenols and other natural compounds in such fruits and vegetables have 

demonstrated to have antioxidant and anti-thrombotic potential (27-30). Their 

antioxidant activity is believed to reduce platelet hyperactivity by blocking different 

receptors on platelet surface and eliminating free radicals responsible for platelet 

activation, thereby reducing risk of thrombus formation (31). This effect of 

polyphenols on platelets indicate that food industries could modify the composition of 

their products and generate “designer food” which may be used to complement anti-

platelet therapy in non-responsive/resistant individuals with biological components 

including antioxidant rich polyphenols for the prevention of thrombotic disorders. In 

addition to polyphenols health benefits demonstrated by a number of controlled 

human intervention studies, the promoted inhibitory properties on platelet function 

were inconsistent. A review by Ostertag et al. debates the issues with bioavailability 

of certain polyphenols to exert its platelet activation inhibitory properties (32). Only 

micromolar or nanomolar concentrations of polyphenols have been detected in vivo 

whereas high millimolar ranges of antioxidant polyphenols may be required for 

defence against free radicals (33). The inconsistencies in the findings has warranted 

for well-designed and controlled human dietary intervention studies with larger 

sample sizes and avoiding use of high concentrations in in vitro and in vivo studies to 
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clearly elucidate the cardio-protective properties of polyphenols and to develop 

validated biomarkers as end points for clinical studies. 

This review focuses on the potential of dietary derived polyphenols to alleviate 

oxidative stress-induced platelet hyper-activity or hyper-coagulability in metabolic 

disease states in addition to discussing their possible complementary anti-platelet 

therapeutic potential.  

 

1.2 Oxidative stress, antioxidants and antiplatelet therapy 

A chemical reaction in which one or more electrons are transferred from a substance 

to an oxidizing agent is termed oxidation. This process can in turn produce additional 

free radicals (such as reactive oxygen and nitrogen species – RONS), by leaving an 

unpaired electron in the outer shell of the oxidized molecule. When the ratio of 

oxidizing agents, including free radicals, exceeds the capacity of a system to 

neutralize those species, the system is deemed to be under a state of oxidative stress 

(1). Oxidation reactions are an essential part of normal metabolism because oxygen is 

the ultimate electron acceptor in the mitochondrial electron transport chain (34). 

However, oxidative stress may arise when electron flow and energy production 

become uncoupled followed by the production of excessive free radicals including 

multiple RONS (35). Of all the reactive molecules, H2O2, O2
-•, NO• and ONOO- are 

the most widely studied species and play important roles in the diabetic and 

cardiovascular complications (36). Until these reactive species are deactivated, 

uncontrolled free radical (oxidation) reactions may occur within milliseconds (37). 

RONS also interact with lipids leading to lipid peroxide formation in biological 

membranes by attacking the double bonds of polyunsaturated fatty acids (PUFAs) 

http://en.wikipedia.org/wiki/Chemical_reaction
http://en.wikipedia.org/wiki/Oxidizing_agent
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(38). Lipid peroxides may interact with biological targets inducing cytotoxicity (39, 

40). Furthermore, the formation of lipid peroxides may lead to oxidation of low 

density lipoprotein (LDL), which upon being engulfed by macrophages, interact with 

platelets and develop into foam cells, accelerating the progression of atherosclerosis 

(41). The sensitivity of LDL to oxidative damage depends on an appropriate balance 

between the amount of PUFAs and antioxidant concentrations within the vascular 

wall (42). The LDL particle itself contains various antioxidants (e.g. tocopherols, β-

carotene, ubiquinol 10, criptoxantine) that protect from it non-enzymatic oxidation 

(43). Sources of ROS such as macrophages and neutrophils, that contain the 

membrane bound nicotinamide adenine dinucleotide phosphate-oxidase (NADPH) 

complex, are capable of generating substantial amounts of superoxide anion and also 

play important roles in the destruction of invading pathogens (44). RONS, therefore, 

can participate in many potentially beneficial events in vivo, including energy 

production, pathogen destruction, and intercellular signalling regulation. However, 

when the balance of RONS production exceeds that of antioxidant defence, reactive 

species predominate which then attack biological macromolecules, namely, lipids, 

proteins and DNA, inducing oxidation and causing membrane damage, enzyme 

inactivation and DNA damage (45). Under these conditions an external source of 

antioxidants may be required to combat oxidative stress related damage.  

Antioxidants play an important role in terminating radical chain reactions by 

donating electrons to free radicals and their intermediates. Both simple antioxidants 

(vitamin A, C, E, bilirubin, taurine, caffeine, uric acid) and enzymatic antioxidants 

(superoxide dismutase, glutathione peroxidase, catalase) work together to neutralize 

oxidants and RONS in biological systems (46-50). In addition, chelating agents that 

bind metal ions are also classified as antioxidants due to their ability to inhibit 
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reduction-oxidation reactions (51). Cell culture and animal studies have shown that 

antioxidants preserve nitric oxide bioactivity under oxidative stress conditions (6). 

Since oxidative stress affects platelet function, it can also be hypothesized that the 

action of antioxidants could be a result of promoting nitric oxide’s anti-platelet effect 

from both endothelial cells and platelets. Data from previous in vitro pilot study has 

also demonstrated the above hypothesized anti-platelet potential of antioxidants, by 

taurine a simple antioxidant at optimal physiological concentrations (50).  

Antiplatelet therapy (e.g. aspirin) has been fundamental to the prevention and 

management of CVD. For example, aspirin administration reduces the risk or 

thrombosis or cardiovascular deaths by 25% in both high and low risk patients (52, 

53). However aspirin may not have uniformly protective effects. For example, chronic 

aspirin usage could increase risk in the context of acute coronary syndromes (54). 

Oxygen radical production, inflammation and platelet aggregation can be reduced by 

antiplatelet drugs, in particular by aspirin, following coronary artery bypass grafting 

(CABG) (55). Diabetics with acute coronary syndrome are at higher risk of 

cardiovascular complications due to increased oxidative stress and, therefore, are in 

need of antiplatelet therapy. However the diabetic population is increasingly resistant 

to aspirin (the most commonly used antiplatelet preventive drug) (56). Therefore, it is 

clear that future therapeutic strategies developed, one of which might include 

supplementation with polyphenols. 

 

1.3 Oxidative stress induced thrombosis and disease 

Considerable research interest has developed in determining the role of free radical 

mediated damage in the pathogenesis of coronary heart disease (CHD) and diabetes 
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(57). Plasma markers of oxidative stress are increased in CHD, diabetes or in the 

presence of its classic risk factors (58-61). Oxidative stress is clearly responsible for 

numerous adverse effects on the vascular system. The oxidation of vulnerable cell 

membrane unsaturated lipids (62) may modulate diverse signal transduction pathways 

(60, 63) encouraging the initiation and progression of atherosclerosis. These include 

increased expression of cell adhesion molecules, induction of pro-inflammatory 

pathways, activation of matrix metalloproteinase, vascular smooth muscle cell 

proliferation and death, endothelial dysfunction, and lipid peroxidation (LDL 

oxidation) (64). LDL is an important target of oxidation with oxidative modification 

of LDL representing a key step in the pathogenesis of atherosclerosis.  

T2DM induces a number of potential thrombotic consequences, including 

platelet hyper-activity and hyper-aggregability (Figure 1), which are associated with 

increased oxidant production (65). Oxidative stress in T2DM is thought to be a result 

of free radicals generated during the auto-oxidation of glucose (66), with increased 

ROS production (67) believed to contribute to the development of a hyper-coagulable 

state (68). Diabetes induced metabolic dysfunctional so induces the activation of 

endothelial cells (EC) and platelets, through increased oxidative stress, protein kinase 

C (PKC) isoforms, receptor for advanced glycation end products (AGEs) activation 

(69). AGEs are a result of the non-enzymatic oxidation of fatty acids and glycation 

compounds in arterial endothelial cells. Furthermore, activation AGEs receptors 

induces nuclear transcription factor- ĸB (NF-ĸB) leading to pathological gene 

expression modifications (70). Diabetes-induced oxidative stress promotes synthesis 

of diacylglycerol leading to long term activation of PKC isoforms responsible for 

decreased nitric oxide (NO) (71) and endothelial nitric oxide synthase (72) production 

(73). Due to insulin resistance in adipocytes, release and oxidation of free fatty acids 
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results in increased superoxide production, inactivating important anti-atherosclerotic 

enzymes such as eNOS and prostacyclin synthase (69). This response induces a 

switch towards a pro-thrombotic, pro-inflammatory condition and contributes to the 

pathogenesis of atherosclerosis (Figure 1). In addition to hyperglycaemia and insulin 

resistance/hyperinsulinaemia, interestingly, plasminogen activator inhibitor -1 (PAI-

1), which contributes to the pathogenesis of atherosclerosis (74), seems to strongly 

correlate to the extent of visceral body fat and body mass index (75). This study 

suggests that visceral fat is an important contributor to elevated PAI-1 levels and 

individuals with increased abdominal visceral fat are more prone to pro-thrombotic 

conditions when compared to general obese states without central obesity. 

Furthermore, VanGaal et al. demonstrated an association between individuals with 

central obesity even without general obesity, with blood lipid profile, cardiovascular 

complications and worse diabetic metabolic control (76, 77). 

Although antiplatelet therapy, such as aspirin, has remained the cornerstone of 

treatment of thrombotic disorders, aspirin appears to have limited benefit in diabetes. 

For example, outcomes in diabetic individuals on standard anti-platelet therapy for 

secondary prevention are significantly worse, compared to their non-diabetic 

counterparts (78). A recent study by Russo et al. demonstrated the inability of aspirin 

to inhibit platelet aggregation, thromboxane synthesis, and activation of NO under 

acutely high levels of glucose (79). Aspirin resistance/reduced sensitivity in diabetic 

population could be due to 1. Reduced platelet permeability to aspirin due to 

membrane glycosylation (80) 2. Hyperglycaemia and body weight (79, 81) 3. 

Concurrent use of non-steroidal anti-inflammatory drugs, which compete with aspirin 

for the receptor on platelets (cyclo-oxygenase-1 receptor site) (10) 4. Acute hyper-

glycaemia-associated with platelet hyper-activity (82) 5. Non-compliance preventing 
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aspirin from reaching its therapeutic target (83) 6. Usage of proton pump inhibitors 

causing gastric pH imbalance leading to reduced bioavailability of aspirin (84) 7. 

Increased adenosine diphosphate-ADP receptor-(P2Y12) signalling (platelet activation 

pathway not affected by aspirin) (56) and thromboxane synthesis (85). 
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Figure 1. Platelet activation in type 2 diabetes mellitus and metabolic syndrome. PKC, Protein kinase C; RAGE, receptor 
for advanced glycation end products; NO, nitric oxide; NF-ĸB, nuclear transcription factor- ĸB; AP-1, activator protein-1; 
PGI2, prostacyclin; PAI-1, plasminogen activator inhibitor-1. 
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1.4 Platelet activation and induced oxidative stress 

Platelets play a key role in the development of atherosclerosis and are often found at 

sites of atherosclerotic lesions, closely associated with neutrophils, monocytes, 

macrophages and endothelial cells that produce ROS capable of modulating platelet 

function. Platelets under normal circumstances do not directly interact with 

endothelial cells lining the vessel wall and only do so when the endothelial lining is 

breached as a consequence of trauma or atherosclerotic plaque disruption. Platelet 

adhesion, activation and aggregation, constitute the pre-developmental stages of 

arterial thrombus formation. At the site of arterial injury, the endothelial barrier is 

broken and platelets adhere to exposed collagen, von Willebrand factor (vWF) and 

fibrinogen via specific cell receptors (86). vWF is a large plasma protein and is also 

present on the surface of platelets and serves as a receptor to attach platelets to the 

vascular endothelium and also carries FVIII in the blood. Adherent platelets are then 

activated by several independent mediators, including collagen, thromboxane, ADP, 

and thrombin. Activated platelets degranulate and secrete chemotaxins, clotting 

factors and vasoconstrictors, thereby promoting thrombin generation, vasospasm, and 

additional platelet accumulation (Figure 2). The release of internally stored ADP and 

thromboxane amplifies the process of platelet activation by secondary feedback loops. 

Activated platelets also change shape which is important to promote further 

aggregation and coagulation (86). For example, previously inactive GPIIb/IIIa 

receptors on the platelet membrane undergo structural modification and become 

available for fibrinogen and vWF binding (87). In patients with atherosclerotic 
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stenosis, increased shear stress can also directly activate platelet aggregation mediated 

through vWF and ADP receptors (88).  

 

Figure 2. Role of platelets in thrombosis. vWF, von Willebrand factor; ADP, 
adenosine diphosphate; TxA2, thromboxane A2. 

 

In addition to hemodynamic disturbances, oxidative stress induced by acute 

strenuous exertion in normally sedentary populations may interfere with platelet 

responsiveness by promoting ox-LDL-mediated platelet activation and decreasing 

platelet-derived NO bioactivity (89, 90). The exact mechanisms and the regulatory 

pathways involved in the effects of acute exercise on platelet function are not 

completely understood. However, increased plasma catecholamines (91), changes in 

the performance of α-adrenergic receptors, increased platelet count (92), 

prostacyclin/thromboxane A2 (PGI2/TxA2) imbalance (93), impaired sensitivity of 

platelets to PGI2 and NO (94, 95), changes in plasma lipoprotein profile (96, 97), 

oxidative stress and changes in antioxidant status may be involved in exercise-induced 
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platelet responses (98-100). Hence, it is extremely important for the body to induce a 

natural antioxidant response mechanism to combat the increased oxidative stress 

induced by exercise. The antioxidant capacity of the blood could potentially be 

supplemented via increased dietary intake of antioxidants to prevent platelet 

activation (100).  

 

1.5 Antioxidant rich functional foods 

The main source of dietary antioxidants is derived from plant material 

(phytochemicals). Phenolic phytochemicals specifically are abundant throughout the 

plant kingdom. The three different categories of dietary phytochemicals include 

phenolic acids, polyphenols and flavonoids. Phenolic phytochemicals antioxidant 

capacity indicates they may be useful in the development of functional foods. Fruits 

and vegetables are often ranked using measures of their antioxidant capacity, 

quantified using the Oxygen Radical Absorbance Capacity (ORAC) assay, which 

reflects the combined antioxidant effects of vitamin C, carotenoids, polyphenols, and 

other constituents (101). Broccoli, green tea, soybean, kale, red beets, cranberries, 

cocoa, blackberry, red grapes, blueberry, prunes, garlic, and citrus fruits represent 

some of the richest sources of phenolic antioxidants derived from plant material (102), 

derived using their ORAC scores (101). Many of these fruits (cranberry, strawberry, 

papaya, acai berry, blackberry, raspberry and plums) have been administered in 

human research studies (103-105). Individuals who consume diets rich in fruits and 

vegetables may experience increased tissue concentrations of antioxidants 

(polyphenols, vitamin C, carotenoids) resulting in a lower risk of cardiovascular 
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diseases (18). Table 1 summarises the potential health benefits associated with regular 

consumption of some functional foods or their components. 
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Table 1. Health benefits of antioxidant rich functional foods or its components 

Functional foods Properties References 

Vitamin C/Ascorbate Ability to reduce concentrations of ROS, inhibits vascular smooth muscle 

proliferation, prevents endothelial dysfunction, reduces oxidized LDL 

cholesterol in atherosclerotic conditions and lowers concentration of CRP. 

(106, 107) 

Blackberry, raspberry (anthocyanins) Antioxidant, anti-inflammatory, chemo-preventative and hypoglycaemic 

activity; inhibition of adipogenesis, amelioration of CVD risk factors and 

ability to induce satiety/counteract overweight. 

(108-112) 

Carica papaya High antioxidant activity and decreased levels of blood peroxidation. (113, 114) 

Plum (anthocyanins) Highest antioxidant potential; exhibits good scavenger activity against 

peroxyl and hydroxyl oxygen-derived free radicals. 

(115, 116) 

Cranberry (anthocyanins) Cranberry supplements reduce atherosclerotic cholesterol profiles and have 

a neutral effect on glycaemic control in type 2 diabetic subjects taking oral 

glucose-lowering agents. 

(117) 

Wild Blueberry (anthocyanins) Antioxidant and anti-inflammatory properties; significantly diminish 

arterial constriction which may have entailment on blood pressure 

regulation. 

(118) 

Flavanol rich chocolate Improves vascular function in patients with coronary heart failure; 

improves lipoprotein profile, improves platelet function and reduces 

oxidative stress. 

(119-121) 
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Procyanidin oligomers in cocoa  Dietary flavanols and procyanidin oligomers from cocoa (Theobroma 

cacao) inhibit platelet function. 

(122) 

Tart cherry Minimises post-run muscle pain. (123) 

Marula juice (tannins, catechins) Reduces total cholesterol and increases HDL cholesterol. (29) 

Olive oil and epigallocatechin 3-

gallate 

Olive oil improves endothelial function, reduces inflammatory parameters  (124) 

ROS, reactive oxygen species; LDL, low density lipoprotein; CRP, C-reactive protein; CVD, cardiovascular disease; HDL, high 
density lipoprotein. 
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1.5.1 Polyphenols  

Polyphenols encompass a wide variety of compounds occurring in fruits and 

vegetables, wine, tea, extra virgin olive oil, chocolate and other cocoa products. 

Important dietary polyphenol subclasses include the flavones, flavanones, 

isoflavonoids, flavonols, flavanols and anthocyanins, with flavanols and anthocyanins 

(125-128). The consumption of polyphenols could induce many beneficial effects in 

vivo, for example by protecting from inflammation, and DNA damage (129). Several 

polyphenols possess clear antioxidant capacity in vitro, and many of their biological 

actions have been attributed to their intrinsic reducing capabilities (130, 131). Regular 

consumption of polyphenol rich foods has been shown to be inversely associated with 

cardiovascular mortality and thrombotic diseases (89, 132). On the contrary, Hollman 

et al. discuss the lack of biological relevance of direct antioxidant effects of 

polyphenols on cardiac health (133). The authors debate the direct physiological 

antioxidant action of polyphenols in vivo in reducing oxidative damage, due to its 

pharmacokinetic properties and bioavailability. Also current evidence suggests that 

the antioxidant activity by polyphenols could also be mediated by specific protein 

interactions central to intracellular signalling cascades (33). 

Flavanols exert their pleiotropic effects via the following mechanisms: 1) Free 

radical scavenging and chelation of metal ions by virtue of their antioxidant activity, 

2) Reduction in platelet activation and aggregation, 3) Inhibition of lipoxygenase 

(LPO), cyclooxygenase, phospholipase A2 (PLA2) or stimulation of NOS, 4) 

Enhancement of PGI2 release, 5) Anti-inflammatory action and interaction with 

biomembranes (129, 134-139). Before flavanols can impart their bioactivity, they 
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must first be absorbed, metabolized and made bioavailable in vivo. Absorption and 

metabolism of flavanols largely depends on their structural characteristics, molecular 

size, solubility and the dosage administered (129). Many epidemiological studies 

assessing flavonoid activity are carried out in vitro. These data cannot be fully 

translated to the in vivo condition because administration of the parent molecule in 

animal models demonstrates the presence of conjugated metabolites in the plasma, 

which might have discrete biological effects (140, 141). Bioavailability studies 

investigating tea and cocoa polyphenols reveal that relatively low plasma 

concentrations are achievable after oral administration (127, 142). On the contrary, 

there is evidence to suggest that high flavonoid concentrations may be attained via 

repeated ingestion, raising the possibility that flavonoid supplementation could induce 

biological effects in humans (127, 142). 

Anthocyanins are considered to be the most abundant group of water-soluble 

pigments in the plant kingdom (143). For example, anthocyanins are responsible for 

providing the bright red-orange to blue-violet colours present in many fruit and 

vegetable-based food products. Due to their ability to form flavium cations, these 

compounds are distinctive from other flavonoids (144, 145). Anthocyanins are 

glycosylated polyhydroxy or polymethoxy derivatives of 2-phenylbenzopyrylium or 

flavylium salts, the major dietary sources of which include cherries, blueberries, 

raspberries, black currants, purple grapes, strawberries and red wine (146). Numerous 

studies have elucidated the biological activities of anthocyanins, which include 

antioxidant (87, 147-149), antimicrobial (150), anti-inflammatory and anticancer 

properties (151-153). They also display a variety of effects on platelet (154) and 

vascular function (155, 156) which could reduce the risk of coronary heart (157) and 
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other chronic diseases (158). The primary mechanism responsible for protection from 

thrombotic conditions is believed to be via reduction of platelet 

aggregation/coagulability (159, 160) and elevation of circulating HDL (86, 161). 

Anthocyanins also exhibit antioxidant activity by directly scavenging free radical 

species, inhibiting lipid peroxidation and chelating metal ions (143). They also protect 

LDL from oxidation thereby, reducing the risk of thrombus formation, which has been 

demonstrated in a number of in vitro and in vivo studies (162-164). Anthocyanins also 

possess anti-inflammatory properties, demonstrating inhibition of NO production 

(>50%) in lipopolysaccharide (LPS) and interferon-gamma (IFN-γ)-activated RAW 

264.7 macrophages (165). In addition, anthocyanin rich berry extracts inhibit NO 

production with their inhibitory effect associated with total anthocyanin content. 

Maaza (105) also demonstrated a positive correlation between the serum anthocyanin 

concentration of subjects who consumed anthocyanins (from freeze dried blueberries) 

and serum antioxidant capacity (87). Besides the antioxidant potential exhibited by 

various polyphenols, antioxidants like vitamin A, C and E have been extensively 

demonstrated to reduce oxidative stress by scavenging free radicals (166-168). An 

inverse relationship between vitamin E intake (α and γ tocopherol), acute coronary 

events and thrombotic risk factors has also been found (169, 170). 

In addition to the free radical scavenging properties of dietary polyphenols, 

recent evidence suggests that they play an important role in transcriptional gene 

regulation (33). For example, phytochemical including polyphenols such as curcumin, 

dithiolethiones and triterpenoids are responsible for the activation of Nrf2/Keap1 

(nuclear factor eruthroid-2 related factor 2/kelch-like ECH-associating protein 

pathway which regulates enzymes e.g. glutathione peroxidases, heme-oxigenase-1, 
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thioredoxin reductase-1 involved in antioxidant defence (33). Mrf2 also activates 

other inflammation-signalling pathways such as NF-ĸB (nuclear transcription factor 

ĸB) (171). Polyphenols have been demonstrated to favourable nutrigenomic effects in 

modulating inflammation (172), oxidative stress (173), obesity (174) and DNA 

damage (175). Furthermore, due to the reported benefits of polyphenols on targeting 

specific platelet activation pathways in vitro (176), for example inhibition in 

expression of P-selectin (granular protein released due to platelet activation), we 

believe that polyphenols might help in modulating the gene encoding P-selectin 

(SELP). Polyphenols also activate generalised adaptive cellular responses to oxidative 

stress by acting as pro-oxidants or low-dose stressors (33). These actions demonstrate 

that polyphenols might act as hermetic molecules preparing cells for defence against 

oxidative stress.  

Besides health promoting aspects of polyphenols, it should also be 

acknowledged that adverse effects are occasionally documented. Resveratrol, a 

phenolic component commonly found in red wine and grapes, helps improve lipid 

profile and glucose concentrations in rats fed a diet high in, however, induces hepatic 

oxidative stress in rats fed a standard diet (177). Epigallocatechin-3-gallate (EGCG), 

the main phenolic component in green tea, is also known for its antioxidant activity, 

but in excess can induce the formation of radical species causing oxidative cell 

damage (178). Furthermore, certain phenolic compounds such as proanthocyanidins 

and sinapoyl esters form soluble and insoluble compounds with proteins, 

macromolecules and polysaccharides in the diet, thereby reducing their bioavailability 

(179, 180). In addition to their potential pro-oxidant effects, the bioavailability of 

phenolic compounds can be poor. Due to the glycosidic sugar moieties in the structure 
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of polyphenols, their hydrophilicity increases and no enzyme is known to break the 

glycosidic bond, for its efficient passage through the gut wall (181). 

1.5.2 Relationship between structure and antioxidant activity 

The physio-chemical structure of polyphenols governs their absorption, metabolism, 

bioavailability, antioxidant activity and specific interactions with cellular receptors 

and enzymes (127). Furthermore, their antioxidant capacity in the presence of 

different radical species also varies depending on the chemical reactivity of each 

substrate and the number of hydrogen atoms/electrons that can be donated. These 

mechanisms are also influenced by structural factors other than those described, such 

as, the presence or absence of glycosidic moieties in the polyphenol, the glycosylation 

site, number and position of free and esterified hydroxyl groups. Flavonoids have a 

basic C6-C3-C6 backbone, comprising of two aromatic rings and a heterocyclic ring 

containing one oxygen atom. At various stages of biosynthesis, hydroxyl groups are 

introduced to these rings. Free hydroxyl groups are essential to the antioxidant 

capacity of flavonoids (182).  

A number of flavonoids are also known to chelate trace metals, which play an 

important role in oxygen metabolism and radical generation. Iron chelation by 

flavonoids is predominantly due to the catechol moiety of the B ring and the 6, 7 

dihydroxy structure (183). Flavonoids, due to their low redox potential, 

thermodynamically reduce highly oxidizing species including peroxyl, hydroxyl, 

alkoxyl and superoxide free radicals (184). For example, in the case of oleuropeosides 

and other phenols present in olive leaf extract, the o-dihydroxy (catechol) structure 

present in their moieties confers antioxidant properties to these compounds. In 
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addition to this, phenolic compounds present in Oleaeuropaea L. leaves prevent the 

deleterious effects of oxidative metabolism by scavenging free radicals (185). 

 

1.6 Polyphenols and platelet function 

Key events in the pathogenesis of thrombosis are believed to be inhibited by 

polyphenols via multiple mechanisms including, inhibition of platelet activation and 

related signal transduction pathways, neutralization of free radicals, enhancement of 

NO production and blocking of TxA2 receptors. The search for dietary components 

(antioxidants) that have the potential to inhibit platelet activation remains a popular 

area of research. Platelet activation is inhibited by a wide range of components such 

as alcohol (186), dietary fats (187) and antioxidants especially polyphenols (31, 104, 

188). Antioxidants have been proposed to neutralize hydrogen peroxide (H2O2) 

production, bringing about a decrease in platelet aggregation. Following stimulation 

by collagen, platelets release a burst of H2O2 (132), which activates phospholipase C 

and arachidonic acid metabolism leading to platelet aggregation. Antioxidants target 

the H2O2 produced, thus preventing phospholipase C activation and, therefore, 

decreasing platelet aggregation (Figure 3) (50, 132, 189). Aspirin, a commonly used 

anti-platelet therapeutic also targets the same pathway by inhibiting the COX-1 

enzyme, thereby blocking TxA2 receptors. 

In addition to antioxidant effects, polyphenols such as catechin/epicatechin in 

cocoa reduces platelet activity by inhibiting ADP induced expression of the GPIIb-

IIIa surface glycoproteins (190, 191). In smokers, dark chocolate, also rich in 
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polyphenols, down-regulates platelet ROS production, NADPH oxidase (Nox2) 

activation and in turn inhibits platelet activity by lowering platelet 8-ISO-

prostaglandin F2α (responsible for amplifying platelet response to agonist via 

activation of GP IIb-IIIa) formation (121). Dark chocolate also decreases shear 

induced platelet activation in young smokers (190). Ostertag et al. showed that flavan-

3-ol-enriched dark chocolate reduced ADP induced platelet aggregation and P-selectin 

expression in men and decreased thrombin receptor activating peptide (TRAP) 

induced platelet aggregation in women (192). Interestingly, these effects on platelet 

aggregation were demonstrated to be gender dependent. This was explained to be due 

to the strong response of platelets from men to TxA2 and epinephrine receptors and 

serotonin signalling pathways. White chocolate, which did not contain any flavonoids, 

also inhibited platelet P-selectin expression induced by ADP, possibly caused by the 

presence of whey protein in this chocolate. 

An in vitro study by Bojic et al. also demonstrated, using a large set of 

flavonoids at physiologically attainable concentrations, inhibition of ADP induced 

platelet aggregation. These data suggest that regular intake of flavonoid rich 

compounds could improve platelet function (193). The short term (few hours after 

ingestion) and long term (4 weeks, 2 bars/day) effect of flavanol rich chocolate on 

platelet and endothelial function was also investigated in congestive heart failure 

patients (119). Endothelial function, assessed by flow-mediated vasodilatation, 

improved after 2 hours and 4 weeks of ingestion. Platelet adhesion significantly 

decreased after short-term ingestion; however, long-term supplementation had no 

effect.  
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In an ex vivo study, Ostertag et al. incubated phenolic compounds with platelet 

rich plasma and whole blood to demonstrate its effect on collagen induced platelet 

aggregation and TRAP induced P-selectin expression (176). Platelet function was 

affected only at very high non-physiologically attainable concentrations. N-

acetylamino/hydroxycoumarins (esp. 7-N-acetylamino-4-methylcoumarin and 5,7-

dihydroxy-4-methylcoumarin) also demonstrate inhibition of COX-1 pathway 

activation, resulting in the down-regulation of TxA2 and inhibition of platelet 

aggregation (194, 195). The TxA2 antagonistic activity of flavonoids was 

demonstrated to be structure dependent resulting in the blockade of the thromboxane 

specific membrane receptor (196). Furthermore, Wright et al. suggested a structure 

dependent effect of flavonoids in inhibiting collagen induced platelet aggregation 

(197). For example, methylated and sulphated metabolites of flavonoids have greater 

platelet inhibitory properties than its glucoronidated metabolites in vivo (197). 

In contrast to anti-thrombotic properties demonstrated by phenolics, a number 

of natural polyphenols do not possess anti-aggregatory/antiplatelet effects. Some of 

the common confounding elements in dietary intervention trials such as 1) effect of 

food processing/cooking of the supplements 2) influence of study participants 

nutritional habits 3) presence of other active components in supplements which would 

affect platelet activity 4) effect of lipid compositions, cholesterol and saturated fats on 

platelet aggregation 5) sample size, should be considered during the experimental 

design (32, 198). A study by Macakova et al. showed that the absence of the C-5 

hydroxyl group or altered hydroxyl group position led to a loss of anti-platelet effects 

(195). This result was supported by a study showing that polyphenols containing a C-

5 methoxy group possessed no anti-platelet effects (199). An effective anticoagulant 
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phenolic coumarin did not influence the COX-1 pathway but inhibited calcium 

mobilization (200). Further studies demonstrate that natural coumarins have no 

antagonistic effect on TxA2 receptors, however, inhibited thromboxane B2 formation 

(a product of TxA2) (201). This could be due to dietary or other drug interactions as 

coumarin derivatives have been shown to reduce effect of antiplatelet drugs like 

clopidogrel and thus negating overall anti-thrombotic effect in patients. Coumarin 

derivatives such as phenprocoumon (an oral anticoagulant) are often given with 

antiplatelet drugs including aspirin and clopidogrel after percutaneous intervention. 

However, both phenprocoumon and clopidogrel are metabolized by the hepatic 

cytochrome P450 system and, therefore due to drug-drug interaction, phenprocoumon 

attenuates antiplatelet effect of clopidogrel (202). Also in dietary intervention trials 

demonstrating platelet aggregation inhibitory properties by polyphenols rich 

compounds, it should be considered that the exhibited effect may also be due to non-

phenolic active compounds that may inhibit platelet hyper-activity (198).  

Available studies show that any change or substitution to the polyphenols basic 

structural core or its interaction with other drugs and foods (202) influences their 

platelet inhibitory properties. Much evidence demonstrates that polyphenols, 

secondary plant metabolites, may be partially responsible for protection against CVD. 

Based on this evidence it can be suggested that protective properties of polyphenols 

include inhibitory effect on platelet function. However, the bioavailability of the 

polyphenols is poor in most cases and more well controlled intervention studies are 

required to assess what are the sufficient quantities required and what circulating 

concentrations are sufficient to induce functional antiplatelet effects. Both in vivo and 

in vitro indicate that antioxidant rich functional foods generally inhibit platelet 
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activity (Table 2) and that this may explain, in part, the reported cardio-protective 

effects of dietary polyphenol consumption. 

Though these in vivo and in vitro studies have targeted different platelet 

activation, lipid metabolism, anti-inflammatory pathways and cardiac biomarkers, it is 

important to translate these findings into a therapeutic perspective. This review aims 

to correlate the anti-platelet and cardio-protective effects of phenolic compounds and 

compare these relationships with current pharmacological anti-platelet effects to 

determine the potential of phenolics to provide supplementary means to inhibit 

platelet activation. 
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Figure 3. Mechanism of inhibition of platelet aggregation/activation by polyphenols/other antioxidants and anti-platelet 
drugs. Polyphenols, like aspirin, down regulate thromboxane A2 receptors reducing platelet aggregation; similar to 
clopidogrel, polyphenols block ADP and GPIIb-IIIa receptors preventing platelet aggregation; blocks collagen receptors 
thereby reducing collagen induced platelet aggregation; reduction in expression of P-selectin (expressed only after activated 
platelets de-granulate) after polyphenol treatment. ADP, adenosine diphosphate; vWF, von Willebrand factor; GP, 
glycoprotein. 
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Table 2. Effect of different dietary phenolic compounds on platelet function 

Polyphenols Subjects Effect on platelet function Reference 

Cinnamtannin B-1 

(proanthocyanidin) 

12 healthy (control) and 20 

patients with type 2 

diabetes 

Revealed antithrombotic potential through inhibition of 

platelet aggregation, ROS generation, Ca2+ mobilization, 

particularly relevant in diabetic patients where it reverses 

both platelet hyper-sensitivity and hyper-activity 

(203) 

Mango ginger rhizome 

(ferulic and cinnamic 

acid) 

Healthy subjects The purified compound exhibited antioxidant, anti-

inflammatory, and platelet aggregation inhibitory activity 

(204) 

Purple grape juice 

(cinnamic acids, 

anthocyanins) 

20 healthy subjects (7 

mL/kg/day for 2 weeks) 

Inhibition of platelet aggregation was evident with 

supplementation of purple grapes both in vivo and in vitro 

(205) 

Red grape juice 24 healthy subjects (500 

mL/day for 28 days) 

No change to ADP and thrombin induced platelet 

aggregation 

(206) 

Pomegranate juice 

(tannins and 

anthocyanins) 

13 healthy subjects (50 

mL/day for 14 days) 

Reduced platelet aggregation induced by collagen (207) 

Cocoa 16 healthy males-8 trained 

and 8 sedentary (240 

mg/day cocoa for 1 week) 

Cocoa procyanidins suppressed un-stimulated and 

stimulated platelet activation 

(208) 
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Caffeine free Chicory 

coffee (caffeic acid) 

27 healthy volunteers (300 

mL/day for 1 week) 

Variable effects on platelet aggregation, decreased whole 

blood and plasma viscosity, migration inhibitory factor 

(regulates immunity and inflammation) 

(209) 

Berries (bilberries, 

lingonberries, 

blackcurrant, strawberry 

puree and raspberry juice 

combination) 

(anthocyanins) 

72 subjects with CVD risk 

factors (150 g/day for 8 

weeks) 

Berry consumption inhibited ADP induced platelet activity, 

decreased systolic blood pressure and increased serum 

HDL cholesterol. Plasma bio-markers of platelet activation, 

coagulation and fibrinolysis remained unaffected 

(19) 

Kiwi fruit extract  

 

30 healthy subjects-12 

males and 18 females (2 or 

3 kiwi fruit/day for 4 

weeks) 

Consumption of extract reduced platelet aggregation to 

collagen and ADP by 18%; lowered blood triglyceride 

levels by 15% 

 

(210) 

Oleaeuropaea L. leaves 11 healthy males Polyphenols from olive leaf extract inhibited platelet 

aggregation in vitro via their H2O2 scavenging properties 

(185) 

Vitamin E, Vitamin C, β-

carotene 

40 healthy subjects 

(Vitamin E- 300 mg, 

Vitamin C- 250 mg or β-

carotene 15 mg for 8 

weeks) 

Supplementation with vitamin 

E decreased platelet function whereas supplementation 

with vitamin C or β-carotene had no significant effects 

(211) 
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Vitamin E (Gamma 

tocopherol-GT) 

39 healthy sedentary 

subjects (14 on 100 

mg/day GT, 13 on 200 

mg/d of GT &12 placebo) 

Supplementation with GT both with and without induced 

oxidative stress by exercise attenuated platelet activity and 

other thrombotic markers  

(170, 212) 

Grape seed extract 5 healthy subjects – in 

vitro 

Reduced P-selectin expression, platelet microparticle 

formation, platelet aggregation induced by TRAP and 

thrombin. Also showed a dose dependant reduction of 

superoxide anion radicals 

(213) 

Olive oil extract 

(Alperujo) 

Healthy male and female 

volunteers – in vitro  

40 mg/L extract decreased ADP and TRAP induced 

platelet activation. 100 mg/L extract inhibited collagen and 

TRAP induced platelet aggregation 

(214) 

 

Aroniamelanocarpa (AM) 

fruit extarct 

8 male and 8 female 

subjects – in vitro 

Inhibited ADP induced platelet aggregation at 5 µg/ml 

plasma concentration of AM fruit extract 

(215) 

Polyphenolic-

polysaccharides from 

Erigeron canadensis L. 

6 healthy male and female 

subjects – in vitro 

50 µg/mL of polysaccharides displayed highest inhibition 

of arachidonic acid induced platelet aggregation. ADP and 

collagen induced platelet aggregation remained unchanged 

(216) 

Red wine, Grape juice 10 diabetic rats (4.28 

mL/kg body weight/day 

for 45 days) 

Both red wine and grape juice reduced ADP induced 

platelet aggregation 

(217) 

ROS, reactive oxygen species; ADP, adenosine di-phosphate; TRAP, thrombin receptor activating peptide.  
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1.7 Antiplatelet therapy 

Aspirin (acetylsalicylic acid) has been effectively used in the treatment of acute 

myocardial infarction and in the secondary prevention of cardiovascular disease 

among both men and women (53). Aspirin inhibits platelet activity by the acetylation 

of platelet cyclooxygenase (COX) at the functionally important amino acid serine 

(218). The acetylation of serine on COX alters enzyme function leading to irreversible 

inhibition of platelet dependent thromboxane formation (219). The optimal dose of 

aspirin required to produce significant reductions in cardiovascular events is a widely 

debated topic, however, is believed to approximate 75 to 150 mg/day (78). However, 

aspirin’s platelet inhibitory effects also predispose to gastric mucosal injury (15), 

renal toxicity (14) and haemorrhagic strokes (220). In addition to aspirin resistance, 

patients with stable CVD receiving aspirin therapy often experience incomplete 

inhibition of platelet aggregation (13). The phenomenon of aspirin resistance has 

become clinically important because patients on aspirin therapy experiencing 

inadequate platelet inhibition are more likely to suffer CVD and stroke than aspirin-

sensitive individuals (221). It was also demonstrated that combination therapy of 

aspirin and proton pump inhibitors (antacids) might reduce the platelet inhibitory 

properties of aspirin in patients with coronary artery disease (84). Terutroban is 

another orally active, reversible TxA2 receptor antagonist, which inhibits platelet 

activation induced by agonists other than TxA2 and are not inhibited by aspirin. 

Aspirin is usually used in combination with clopidogrel, the combination of which has 

greater platelet inhibitory effects (222).  



 

52 
 

Clopidogrel is another commonly used anti-platelet drug to manage patients 

suffering from thrombotic disorders and belongs to a class of oral anti-platelet drugs 

known as thienopyridines. These drugs require in vivo conversion into a thiol 

containing bioavailable metabolite, which binds irreversibly to the P2Y12 ADP 

receptor, thus alleviating ADP induced platelet aggregation or activation (12). Only 

about 15% of the drug is converted to its active metabolite while the rest is inactivated 

by esterases in vivo (223). Due to clopidrgel’s irreversible action on platelet receptors, 

its effect on platelet inhibition remains for about 8-10 days which becomes a concern 

for patients who need to undergo invasive procedures. Furthermore, it has been 

recently suggested that co-administration of clopidogrel with antacids, especially 

omeprazole may decrease its platelet inhibitory properties (224).  

A combination therapy of aspirin and clopidogrel is used so that the drugs can 

target both the COX-1 receptors as well as the ADP receptors (targeted by 

clopidogrel) rendering greater platelet inhibitory effects. In spite of this high platelet 

inhibitory effect by combination therapies, it has some drawbacks such as increased 

bleeding tendency. A comparative study by Khurram et al. (225) demonstrated that 

patients receiving combination therapy with aspirin, warfarin and clopidogrel 

following coronary stenting was associated with a significant bleeding risk.  

When comparing current pharmacologic and possible nutritional approaches it 

is known that, 1) Aspirin inhibits platelet activation by acting on same mechanistic 

pathway as hydrogen peroxide inhibition by polyphenols (by blocking TxA2 

receptors) 2) Polyphenols block ADP receptors (P2Y1 and P2Y12) and inhibit ADP 

induced platelet activation similar to thienopyridines 3) Abciximab, aptifibatide and 
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polyphenols inhibit platelet aggregation and recruitment of other platelets for 

aggregation via blocking GPIIb-IIIa receptors for fibrinogen binding 4) Polyphenols 

are known to block other platelet-activation pathways (reduced P-selectin expression 

post polyphenol treatment) (Figure 3) 5) Polyphenols are natural dietary-derived 

compounds with minimal or no side effects to health (may help reduce administered 

dosage of current therapeutics). These points represent the basis for evaluating and 

hypothesizing that antioxidants could potentially complement or replace antiplatelet 

therapy in sedentary, pre-diabetic and diabetic population who can be resistant to 

traditional antiplatelet drugs including aspirin and clopidogrel individually or in 

combination. Polyphenols could also potentially help target different pathways of 

platelet activation, which cannot be induced by current anti-platelet drugs.  

Due to the demonstrated resistance and sensitivity of anti-platelet drugs, 

consumption of polyphenol rich functional foods used in combination with mainstay 

antiplatelet therapy could represent a potential safe and effective alternative for 

alleviating the risk of thrombotic disorders (Figure 4). We wish to investigate the 

effect of different exogenous antioxidants on platelet activation by comparing them 

with current anti-platelet drugs to introduce a novel anti-platelet combination therapy, 

which could potentially help reduce the risk of thrombotic conditions, requirement to 

administer high doses of anti-platelet drugs.  
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Figure 4. The potential impact of synergistic effect of antioxidant rich 
polyphenols and current antiplatelet therapy in reducing thrombotic risks.  

 

1.8 Conclusion 

In conclusion, there is strong and supportive evidence that fruits and vegetables rich 

in phenolic compounds and antioxidants possess beneficial effects on CVD risk and 

platelet activity. Various berries and cocoa polyphenols and specific anthocyanin 

compounds have been extensively researched and are demonstrated to reduce platelet 

aggregation, platelet hyper-activity, lipid parameters and other CVD biomarkers. It is 

also evident that polyphenols inhibit multiple platelet-activation pathways.  

We believe that supplementing individuals with polyphenols or antioxidants in 

individuals resistant to pharmacologic approaches or administering them in 
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combination with anti-platelet drugs may be effective in inhibiting platelet activation 

in individuals at increased risk of thrombosis. Hence, the generous intake of fruits, 

vegetables and foods rich in antioxidants (polyphenols, carotenoids, and flavonoids) 

could represent a practical strategy for consumers to effectively enrich their health 

and to reduce the risk of chronic disease. Consequently we wish to evaluate the effect 

of varying physiological concentrations of simple antioxidants such as taurine, 

caffeine and antioxidant/polyphenol rich supplements such as anthocyanins on platelet 

activity, its potential in reducing thrombosis related vascular conditions.  

 

1.9 Aims and Hypothesis 

Platelet hyper aggregabilty, hyper-activation and increased coagulabilty has been one 

of the important contributing factors to the formation of thrombus and blood vessel 

wall occlusion leading to vascular conditions such as heart attacks and stroke. 

Although currently administered anti-platelet therapeutics such as aspirin, clopidogrel 

have been effective in treating such vascular conditions by irreversibly blocking 

platelet activation receptors and alleviating thrombogenesis, a significant percentage 

of the pro-thrombotic population are resistant and non-responsive to such drugs. 

There have also been a considerable amount of side effects reported with the use of 

increased doses of such therapeutics. Hence the aim is to evaluate the potential of 

natural antioxidant compounds in mimicking currently used therapeutics by 

favourably altering platelet activity, coagulation profile and other factors contributing 

to increased thrombosis. 
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Aim 1: To evaluate the synergistic and discrete effects of taurine and caffeine on 

platelet activity using platelet aggregation assays (stimulated by ADP and collagen); 

and haemostatic function by testing prothrombin time, activated partial 

thromboplastin time, lipid profile and inflammation markers.  

Hypothesis: Taurine and caffeine at 500 μM and 700 μM concentrations might 

potentially reduce platelet aggregation stimulated by exogenous agonists ADP and 

collagen, exhibit favourable effects on coagulation profile and inflammation. 

Furthermore, it is also hypothesized that taurine and caffeine synergistically might 

impart greater platelet aggregation inhibitory activity.  

 

Aim 2: To evaluate the in vitro effect of varying concentrations of hippuric acid, a 

potential active metabolite of polyphenol consumption, on platelet activation related 

conformational change and degranulation induced by an exogenous platelet agonist 

(ADP).   

Hypothesis: It is believed that hippuric acid could potentially blunt platelet activation 

receptors exhibiting decreased expression of activation-dependent surface receptors 

(P-selectin and PAC-1). 

 

Aim 3: The aim is to compare the potential of a 4-week supplementation of 

anthocyanin-rich Queen Garnet plum juice (QGPJ) and commercial prune juice on 

platelet activation, haemostatic function and biomarkers of oxidative stress in healthy 

volunteers.  
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Hypothesis: Due to the high polyphenolic content of QGPJ, we believe that 

supplementation for 4 weeks could be instrumental in blocking platelet activation 

receptors thereby inhibiting platelet aggregation, activation and hyper-coagulability.  

Also due to the antioxidant properties of polyphenols in the juice, it is hypothesized 

that the dietary intervention might reduce plasma biomarkers of oxidative stress.  

 

Aim 4: To evaluate the potential of anthocyanin-rich QGPJ supplementation on 

platelet activity and haemostatic function under exercise-induced model of oxidative 

stress in untrained healthy volunteers. 

Hypothesis: Due to the antioxidant properties and hypothesized anti-thrombotic 

activity of anthocyanin-rich QGPJ, it is believed that 4-week supplementation with 

QGPJ would inhibit platelet activity, aggregation, prolong clotting time, reduce 

fibrinogen concentration greater under induced oxidative stress conditions.  

 

Aim 5: To assess the expression of thrombosis specific gene SELP (P-selectin) post 

supplementation with QGPJ in healthy population.  

Hypothesis: Due to the predicted anti-thrombotic activity of anthocyanin-rich QGPJ, 

it is believed that the dietary intervention could possibly down-regulate SELP 

expression by imparting its effect on platelet activation related degranulation.  
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2. Materials and Methods 
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2.1 Research ethics 

The dietary intervention study protocols Chapter 5, 6 and 7 were approved by the 

Griffith University Human Research Ethics Committee (HREC), Griffith University, 

Queensland, Australia (GU Protocol No. MSC/02/12/HREC) and registered at the 

Australian New Zealand Clinical trials registry (ACTRN12612000674831). The blood 

collection from healthy volunteers for the preliminary in vitro analysis (Chapter 3 and 

4) was approved by the Griffith University HREC protocol number. 

MSC/13/11/HREC. 

See Appendix 1 for more details.  

 

2.2 Volunteer recruitment and Randomisation 

Normal healthy volunteers between 18-65 years of age were recruited by means of 

advertisement flyers (See Appendix 2) and by word of mouth from Griffith University 

and the local community. The criteria for recruitment involved normal health status 

with no previous pathological conditions such as cardiovascular/lung or metabolic 

disease, liver disease, allergies, and blood pressure. The physical activity status was 

also assessed during the recruitment process and volunteers performing exercise such 

as walking/running, cycling, swimming or organised sporting activities for at least 30 

min continuously for more than 3 hours a week were excluded. Other parameters 

which could affect the integrity of the analysis such as alcohol consumption, smoking, 

high cholesterol, BMI, family history of metabolic and cardiovascular conditions, 

urinary problems, sleeping pattern, bone and joint problems and venepuncture 

difficulty was also considered during the recruitment process. A medical history 
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questionnaire was used to assess the volunteers for the above parameters (See 

Appendix 3). A baseline full blood examination (FBE) and lipid profile also was 

performed to aid in volunteer recruitment.  

After initial volunteer recruitment the volunteers were provided with the 

following documents: 1) plain language statement explaining the study protocol in 

detail and its requirements (See Appendix 4) 2) consent form involving interviews, 

blood collection and disclosure of personal information (See Appendix 5) 3) dietary 

antioxidant questionnaire (adapted from WINTEC and NZ academy of sport) to assess 

the usual dietary intake pattern of volunteers (See Appendix 6). A cut-off figure for 

each type of food listed in the Dietary antioxidant questionnaire was used in the 

inclusion criteria. The cut-off was based on the Nutrient references ranges for 

Australia and New Zealand – recommended daily nutrient intake values. The quantity 

of respective foods consumed by participants being greater than the recommended 

daily intake led to exclusion 4) food diaries to be completed once a week for four 

weeks of supplementation bout (See Appendix 7). The final recruitment of volunteers 

carried out based on the responses from the questionnaires, were followed by 

randomisation of study participants (only for Chapter 5, 6, 7) to their respective 

analysis groups. The randomisation were carried out by an individual independent to 

the study and performed using random arbitrary numbers generated by Microsoft 

Excel software program to maintain blinding of investigators and the study 

participants.  
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2.3 Evaluation of Food Diaries – FoodWorks 

Participants were required to complete a record of 24-hour full food intake once a 

week during the 4-week supplementation period. Specific guidelines and instructions 

on how to complete a dietary record provided to achieve highest possible accuracy 

was maintained and dietary pattern was not altered from normal. Participants were 

requested to record the type of food eaten and preparation in maximum detail in 

addition to amount and time of consumption. Body weight was measured using a 

standard scientific scale and height using a stadiometer, used to calculate BMI. The 

dietary accounts were analysed using FoodWorks® (Xyris Software Pty Ltd., 

Queensland, Australia) based on the Australian Food Composition database. This 

assisted in monitoring antioxidant rich foods consumption throughout the intervention 

period and ensured dietary antioxidant levels did not surpass the maximum level 

determined in the recruitment questionnaire. 

 

2.4 Sample collection - Blood  

Blood collections for all the studies were performed after gaining professional 

phlebotomy competence (Certificate training in Phlebotomy practices, Gold Coast 

hospital). The purpose of venous blood sample collection was to evaluate the ex vivo 

effect of antioxidants and polyphenols on platelets and its activation in circulation. 

This blood sample used in experimental analysis helps to mimic platelet 

activation/aggregation and biochemical pathways in vivo. Utmost care and minimal 

specimen handling/agitation was ensured during blood collection by venepuncture due 

to the sensitivity of platelets. Since incorrect phlebotomy practices activate platelets 
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and other components it was made sure that no samples were obtained from traumatic 

phlebotomy procedures and that none contained obvious clots. 

The area of venepuncture was thoroughly cleansed with an alcohol swab 

before performing the procedure. The median cubital vein was palpated using a sterile 

tourniquet and the blood was carefully drawn from the vein using a 20 mL syringe 

(Becton, Dickinson and Company, Australia) and a 21-gauge 1.5 inch needle (Terumo 

Medical Corporation, Australia). A larger gauge was used to eliminate platelet 

activation while drawing or dispensing blood. The blood was then collected in the 

following order into tri-potassium ethylene diamine tetra-acetic acid (EDTA-1.8 

mg/mL concentration) anticoagulant tube (Vacuette Greiner Bio-one, Australia), tri-

sodium citrate (28.12 g/L concentration) anticoagulant tube (Becton, Dickinson and 

Company, Australia), 8.5 mL into serum separator tubes (Becton, Dickinson and 

Company, Australia) and PAXgene Blood RNA Tube (PreAnalytiX, BD Company, 

Australia). Blood was collected into EDTA tubes before tri-sodium citrate tubes to 

avoid the risk of collecting platelets activated by venepuncture. Table 3 outlines the 

different blood tubes used in the study protocols for various functional and 

biochemical assays.  
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Table 3. Blood tube types used in sample analysis 

Blood tube Assay 

EDTA (1.8 mg/mL) WB used for full blood cell count, 

plasma extracted used for polyphenol 

content determination 

Sodium Citrate (28.12 g/L) WB used for flowcytometry, PRP and 

PPP used for platelet aggregation and 

coagulation assays 

Serum separator tube  Serum used in biochemical analysis 

PAXgene Blood RNA DNA/RNA extraction 

WB, whole blood; PRP, platelet rich plasma; PPP, platelet poor plasma 

 

2.5 Sample processing - Blood 

Blood samples collected into sodium citrate and EDTA tubes were carefully 

transferred to a swing out rotor centrifuge and centrifuged at 180 × g for 10 min with 

minimal braking to avoid activation of platelets. After centrifugation, the plasma 

obtained from the sodium citrate and EDTA tubes were then collected into separate 

sterile 1.5 mL micro-centrifuge tubes without disturbing the packed red cells at the 

bottom. This plasma obtained is the platelet rich plasma (PRP). 

The SST, sodium citrate tubes (PRP removed) were centrifuged at 2000 × g for 

10 min with minimal braking. The thus obtained plasma, a clear fluid, after removing 

PRP, is the platelet poor plasma (PPP). Serum separated from the SST tubes was used 

in biochemical assays. The PRP and PPP obtained from sodium citrate tubes were 

used in platelet aggregometry and coagulation assays (Table 3). The PAXgene blood 

RNA tubes were stored at room temperature for 2 h before carrying out gene 
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expression analysis.  

Samples used in full blood examination, platelet aggregation assay and 

flowcytometry were analysed within 2 h of blood collection and those used in 

subsequent testing processes were stored at -80°C until analysis. 

 For polyphenol extraction (detailed in section 2.12) from EDTA plasma, 1 mL 

of plasma was mixed with 200 µL of 0.44 M aqueous trifluoroacetic acid and stored at 

-80°C until further analysis. 

 

2.6 Sample collection and Processing - Urine 

Polyphenol extraction from urine was performed using clean midstream urine 

samples, which were collected into sterile 70 mL containers (Becton, Dickinson and 

Company, Australia).  

Urine samples were used to estimate the concentration of physiologically 

available polyphenols. Formic acid, 9 mL was added to 30 mL of midstream urine, 

mixed thoroughly and stored at -80°C for subsequent analysis.  

 

2.7 Full Blood Examination  

A full blood cell examination provides an estimate of the levels of blood cells in the 

individual and most importantly helps in diagnosis of disease states. For all the study 

protocols, it was made sure that the blood cell parameters of volunteers were within 

healthy reference ranges as established by the Royal College of pathologists of 

Australia (226). Volunteers with cell counts outside the reference ranges during initial 
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screening were excluded from the study.  

Whole blood collected in EDTA tubes were used to determine the full blood 

cell counts within 10-15 min of venepuncture. The instrument used in analysis was 

the Beckman Coulter AcTTM 5Diff CP haematology analyser (Coulter Corporation, 

Miami, Florida, USA). The analyser was pre-calibrated with the AcT™ 5Diff Cal 

Calibrator (Beckman CoulterTM, Miami, Florida, USA). Before running samples 

each day, the instrument was validated using three levels of control (low, normal and 

high) samples (Beckman CoulterTM, Miami, Florida, USA). The protocol followed to 

estimate the full blood cell counts of samples were according to the AcT™ 5Diff CP 

haematology analyser user manual. A complete report of blood cell counts in the 

sample is produced after each sample run. 

 

2.8 Platelet aggregation assay 

Platelet hyper-aggregability has been responsible for thrombotic, haemorrhagic and 

vascular ischemic disorders. Hence, development of antiplatelet drugs has become 

one of the important advancements to prevent various coronary conditions. This in 

turn has urged researchers to use various tests to analyse platelet function. One such 

way to analyse platelet function is platelet aggregometry which has been a part of 

clinical testing for over 40 years.  

Platelet Aggregometry has turned out to be a gold standard in analysing 

platelet function using PRP or whole blood. Platelet aggregometry of PRP measures 

the change in optical density of a platelet suspension as a result of aggregation, under 

conditions of constant temperature and continuous agitation. The measurement is 
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generally a combination of light scatter and absorption. The result is expressed in 

terms of the maximal percent change in light transmittance from baseline values after 

the addition of an exogenous platelet stimulant/agonist, using PPP as reference. Some 

of the important variables to be considered in platelet aggregometry are temperature 

size and dimensions of the stir bar, pH of buffers used, and variations in plasma citrate 

concentrations i.e. the blood collection tube should have the right composition of 

citrate mixed to the blood collected. 

Many different exogenous platelet-stimulating agonists were used in 

mimicking physiological platelet activation in vitro. For example, adenosine 

diphosphate, ADP, is a commonly used platelet agonist in platelet function studies. 

Activation of platelets with ADP occurs via P2Y1 and P2Y12, the two activation 

dependent receptors on the platelet surface (227). P2Y1 mediates platelet shape change 

and transient aggregation while the binding of ADP to P2Y12 helps in stabilization, 

formation of the thrombus. P2Y12 amplifies platelet aggregation induced by serotonin, 

thrombin and thromboxane (227). ADP in concentrations of 5 µmol/L or higher is 

responsible for platelet aggregation directly that is independent of the release of 

platelet-contained ADP. Standardization of the optimal concentrations of the agonists 

used to stimulate optimal platelet aggregation was established by dose response 

curves performed in a previous in vitro trial (50). The other commonly used 

exogenous platelet agonists are collagen and arachidonic acid. The platelet 

aggregation assay was carried out using the AggRAM® turbidometric aggregation 

analyser (Helena laboratories, Beaumont, Texas). PRP obtained from whole blood 

collected into tri-sodium citrate anticoagulant tubes were used in the assay. Platelets 

(count ranging between 200 - 400 × 109/L) in PRP were stimulated for aggregation by 
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exogenous agonists such as ADP (5 µM), collagen (2 µg/mL), arachidonic acid (200 

µg/mL) and the percentage of aggregation was recorded for 6 min (Appendix 8). PPP, 

a clear fluid was used to blank the instrument. All agonists and consumables were 

purchased from (Helena laboratories, Beaumont, Texas). Optical channels in the 

aggregometer were validated each day prior to sample run. The platelet aggregation 

assay was performed based on the Helena Laboratories AggRAM® platelet 

aggregometer operator’s manual.  

 

2.9 Platelet surface marker expression – Flowcytometry  

Platelet function testing using flowcytometry has been used extensively in the past 

years. It is a very sensitive and accurate method used to evaluate the function of 

platelet surface receptors and to estimate the risk of thrombosis. The platelets in 

venous whole blood are firstly bound with platelet specific fluorescent-labelled 

monoclonal antibodies (mAb). This helps to identify and isolate the cells of interest, 

platelets. The platelets are then stimulated using exogenous agonist e.g. ADP. The 

sample is then incubated with activation-dependant fluorescent labelled mAb to 

identify specific activated platelets to estimate the normal levels of platelet activation 

in the individual. Considering the sensitivity of platelets, the samples are usually fixed 

with formaldehyde to preserve the activated state of platelets and to prevent further 

activation. The output of platelet function is based on the mean fluorescence intensity 

(MFI) exhibited by platelet receptors bound to their respective antibodies. 

Venous blood collected into tri-sodium citrate tube was used to evaluate 

platelet surface receptor expression. This analysis was performed and interpreted 
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using the BD LSRFortessa cell analyser (BD Biosciences, USA) and BD FACSDiva 

software (version 6.1.3) respectively. CD42b-peridinin chlorophyll protein (CD42b-

PerCp-Cy5.5) conjugated resting platelet specific monoclonal antibody was used to 

identify the GPIb-IX receptor on the platelet population. This mAb binds to the most 

common receptor on the platelet surface (GPIb-IX) thereby isolating all the platelets 

in the sample for evaluation. Platelet activation was assessed by activation-dependant 

platelet surface marker expression using PAC-1-fluorescein isothiocyanate (FITC) 

(recognises activated conformational changes in the fibrinogen binding receptor 

GPIIb-IIIa) and P-selectin/CD62P-allophycocyanin-APC (binds to the α-granules 

released by activated de-granulated platelets) conjugated mAb. The antibodies and 

their respective isotype controls were purchased form BD Biosciences (BD 

Biosciences, Australia). 

Whole blood, diluted in filtered modified tyrodes buffer (pH-7.2), was 

incubated with an antibody (CD42b, PAC-1 and P-selectin mAb’s) or an isotype 

control cocktail master mix (Table 4) for 15 min in the dark at room temperature. ADP 

(5 µM) was incubated with the blood-antibody mixture for 10 min in the dark at room 

temperature to stimulate activation of the platelets. The suspension was then fixed 

with 1% paraformaldehyde solution (pH 7.2), incubated in the dark at room 

temperature for 15 min and analysed in the flowcytometer for platelet surface receptor 

expression. The setup and optimal fluorescence compensation of the flowcytometer 

was validated using BD Cytometer Setup and Tracking beads and BD CompBead 

compensation particles (Becton Dickinson Biosciences, Australia). Ten thousand 

platelet events were acquired, gated on the basis of light scatter and CD42b MAb 

expression. Activation dependant-MAb (PAC-1 and P-selectin) expression by 
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activated platelets was articulated as MFI (Appendix 9). Figure 5 elucidates the step-

by step protocol followed in the analysis.  

 

 

Table 4. Master Mix preparation for Antibody and Isotype control  

Antibody Ratio to total 

volume 

Volume required per reaction 

(20 μL) 

CD62P-APC 1:3.125 6.4 μL 

CD41a-Pcy5.5 1:6 3.33 μL 

PAC1-FITC 1:4 5.0 μL 

MTB  5.27 μL 

 Total 20 μL 

Isotype control Ratio to total 

volume 

Volume required per reaction 

(20 μL) 

Mouse IgG1, ĸ CD62P-APC 1:25 0.8 μL 

Mouse IgG1, ĸ CD41a-Pcy5.5 1:6 3.33 μL 

Mouse IgM, ĸ PAC1-FITC 1:4 5.0 μL 

MTB  10.87 μL 

 Total 20 μL 

APC, allophycocyanin; FITC, fluorescein isothiocyanate; MTB, Modified Tyrode’s 
buffer.  
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Figure 5. Step by step protocol followed in the evaluation of activation-dependant platelet surface marker expression by flowcytometry. 
MTB, modified tyrode’s buffer; WB, whole blood; RT, room temperature. 
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2.10 Coagulation assay 

Prothrombin clotting time – PT, activated partial thromboplastin time – aPTT and 

fibrinogen concentration, the important factors contributing to the coagulation 

cascade, were evaluated using the C4 coagulation analyser (Helena laboratories, 

Beaumont, Texas). Platelet poor plasma obtained from tri-sodium citrate tubes was 

used in the analysis to avoid interference of platelets in the optical test system. All the 

assays were performed based on the C4-coagulation analyser operator’s manual. 

Prothrombin, fibrinogen reagents were purchased from Helena Laboratories, 

Beaumont, Texas and aPTT reagent, controls from Vital diagnostics, Australia. 

Calibration curves and control samples were run prior to sample analysis to ensure 

accurate measurement.  

 

2.11 Biochemical assays 

A complete lipid profile and other biochemical analytes were measured, evaluating 

levels of total cholesterol, low-density lipoprotein, high-density lipoprotein, 

triglycerides; glucose; bilirubin; uric acid and inflammation marker – high sensitivity 

C-reactive protein (HS-CRP) using the Cobas Integra 400® plus biochemistry 

analyser (Roche diagnostics, Switzerland). Serum obtained from whole blood 

collected into serum separator tubes were used in the analysis. Serum samples were 

thawed to room temperature (25°C) before analysis. The samples were analysed 

according to the Cobas Integra 400® plus biochemistry analyser protocol manual with 

calibration and control samples run prior to sample analysis.  
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2.12 Beverage analysis, plasma and urinalysis  

Complete chemical characterisation, packaging of the beverages used for dietary 

intervention, analysis of hippuric acid (a potential active metabolite of polyphenol 

intake) levels in urine and plasma and malondialdehyde (MDA) levels (a biomarker of 

oxidative stress) in plasma were performed by the research collaborators, Dr. Michael 

Netzel and Dr. Kent Fanning at The Commonwealth Scientific and Industrial 

Research Organisation (CSIRO)/ Department of Agriculture, Fisheries and Forestry 

(DAAF) Queensland. The Queen-Garnet plum juice and prune juice were donated by 

The Good-Rich Fruit Company, Inglewood, Queensland and Bickford’s Australia, 

Salisbury, South Australia respectively.  

 Polyphenols from the Queen Garnet plums were extracted as described 

previously (228). Total phenolic content was determined by the Folin-Ciocalteu 

method and the results expressed as mg of gallic acid equivalents per 100 g (mg 

GAE/100 g). Anthocyanins, quercetin glycosides and carotenoids in the juice was 

analysed by HPLC as detailed previously (228).  

Hippuric acid (plasma and urine) and plasma MDA were analysed by HPLC 

coupled with photodiode array and fluorescence detection as previously described 

(228, 229). It should be noted that for hippuric acid analysis in plasma, samples were 

diluted in acetonitrile, vortexed, centrifuged and filtered as detailed by Kubota et al. 

(230). Furthermore, plasma and urine samples were screened for anthocyanins and 

their common conjugated metabolites (methylated, glucuronidated and sulphated 

forms) as outlined by Netzel et al. (228) and Frank et al. (231) respectively.   
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3. Taurine and Caffeine 

 

 

Adapted from: 

 

Santhakumar AB, Fozzard N, Perkins AV, Singh I. The synergistic effect 

of Taurine and Caffeine on platelet activity and hemostatic function. Food 

and Public Health. 2013;3(3):147-53. 

 

Author contribution: 

Santhakumar AB: Performed experimental and data analysis, prepared the manuscript 

Fozzard N: Assistance with statistical analysis 

Perkins AV: Critically reviewed the manuscript 

Singh I: Experimental design and manuscript critical review 

 

 

 

 

  



 

74 
 

Abstract 

Several studies have shown the deleterious effects of energy drinks, containing taurine 

and caffeine, on cardiac health. This study aimed to examine synergistic effect of 

taurine and caffeine on platelets and haemostasis because platelet hyperactivity is a 

known predictor of cardiovascular diseases. Blood from twelve healthy volunteers 

aged 18 – 60 years was incubated with 500 µM taurine and 700 µM caffeine 

individually or together. Platelet activity was evaluated using platelet aggregation 

assays induced by ADP and collagen, and, haemostatic function by coagulation 

profile testing, glucose, lipid profile and inflammation marker C- reactive protein 

(CRP) assessment. The optimal time and doses of taurine and caffeine required to 

inhibit platelet hyperactivity in vitro were established. A combined action of lower 

doses of taurine and caffeine (T+C) inhibited platelet aggregation, induced by ADP 

and collagen, greater than taurine or caffeine individually (p < 0.05). Taurine and T+C 

increased prothrombin clotting time – PT significantly (p < 0.05), while caffeine alone 

decreased PT (p < 0.05). Caffeine alone increased CRP (p < 0.05). No significant 

change was observed in lipid parameters. These data support the hypothesis that, 

synergistically lower concentrations of taurine and caffeine, found in much higher 

concentrations in energy drinks, may be instrumental in reducing platelet activity and 

prolongation of clot formation. 
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3.1 Introduction 

Energy drinks are beverages that commonly contain about 1000 mg taurine (31 

mM/150 mL), 80 mg caffeine (3.4 mM/150 mL), herbal supplements and sugar or 

sweeteners (232). Alarmingly, certain energy drinks available as shots contain more 

than 10 times the average person’s suggested daily limit of taurine and caffeine. They 

have been marketed to help improve athletic performance, weight loss and stamina. 

Though these promoted aspects of energy drinks are beneficial, several studies have 

emphasized on the deleterious effects of the components of energy drinks on cardiac 

health (232-234). Caffeine consumption has been reported to have adverse effects on 

human health such as palpitations, gastrointestinal disturbances, increased blood 

pressure, insomnia, iron deficiency anaemia, higher risk of developing osteoporosis as 

well as problems in metal absorption, excretion, and reabsorption processes in 

intestine and kidney (235-238). It has also been reported that consumption of high 

concentrations of caffeine used in energy drinks has been associated with seizures, 

sudden cardiac arrests and strokes especially in children and young adolescents (239). 

Nevertheless, caffeine consumption has been reported to enhance performance and 

endurance in athletes (240), increase alertness and reduce fatigue (241), potentiate 

postsynaptic neurotransmission in the sympathetic nervous system (242), increase 

secretion of gastric acid (243), and increase neuromuscular coordination (242). The 

purpose of this study is to examine the underlying controversies in the use of energy 

drinks by evaluating the in vitro synergistic and discrete effects of taurine and caffeine 

on platelet and haemostatic function, using platelet aggregation, coagulation and lipid 

profile testing.  
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Platelets are disc shaped cells in the blood that help in the formation of blood 

clots and play a critical role in cardiac arrests, peripheral vascular disease and strokes. 

Under normal physiological conditions platelets circulate in close contact to the 

endothelial lining of the blood vessel wall without adhering to them (244). However 

under pathological conditions platelets rapidly respond to the alterations in the 

endothelial cell wall and attach themselves securely to the site of the lesion. Platelets 

aggregates (or thrombi) are formed and are associated with cardiovascular ischaemic 

events (244). Platelet hyper-aggregation or hyper-activation is one of the known 

predictors of cardiovascular diseases (CVD) (245). Hence, reducing platelet hyper-

activity could prove to be an effective strategy in reducing the risk factors leading to 

such ischaemic events. These platelet aggregating agents or agonists as they are 

commonly called, induce an increase in the platelet production of Thromboxane A2 

(TxA2), which amplifies aggregation response and stimulates vasoconstriction (246). 

These actions favour thrombosis but are balanced under normal physiological 

conditions by nitric oxide (NO), prostacyclin (PGI2) and vasodilation (244). We 

speculate that taurine and caffeine together may help in reducing platelet aggregation 

and hence may alleviate the risk of thrombus formation.  

Taurine (2-aminoethane sulphonic acid) is a conditionally essential amino 

acid, which helps in a variety of bodily functions such as, bile acid conjugation, 

osmoregulation, membrane stabilization, modulation of cellular calcium levels and 

antioxidation (247, 248). Taurine added in vitro to platelets are known to stabilize 

themselves against a wide range of aggregating agents via a mechanism involving 

Ca2+ flux (249). Taurine has been demonstrated to have a protective effect against the 

hyper-coagulative state in gestosis patients with oedema, proteinuria and hypertension 
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by inhibition of platelet aggregation (250). Data from a previous study suggests that 

taurine as an antioxidant inhibits platelet activity and may be instrumental in reducing 

the risk of thrombosis (50). Furthermore, due to the demonstrated anti-platelet 

properties of taurine, we believe that other potential natural antioxidants such as 

caffeine and phenolics in fruits and vegetables might possess anti-thrombotic 

potential.  

Caffeine, a member of the methylxanthine family, is a natural alkaloid found 

in coffee beans, tea leaves, cocoa beans and cola nuts (251). Methylxanthines are non-

selective adenosine receptor blockers. Adenosine receptors have been classified into 5 

subtypes – A1, A2A, A2B and A3 (252). Caffeine has been shown to most potently 

act on the A2A receptor, which has been identified as being specifically expressed on 

platelets (253, 254). Under homeostatic conditions, the A2A receptors in platelets are 

sufficiently activated by adenosine in the blood. However, caffeine competitively 

inhibits the action of adenosine, which normally would bind the adenosine A2A 

receptor, thus altering the platelet function and increasing receptor activity (255). This 

increased receptor activity subsequently causes an increase in cyclic adenosine 

monophosphate – cAMP which acts directly to inhibit platelet aggregation (256). 

Varani et al. demonstrated the up-regulation of A2A receptors by caffeine 

accompanied by increase in cAMP levels and inhibition of aggregation and calcium 

levels (257). The effect of caffeine consumption on platelet function has also been 

demonstrated to be dependent on both the dose and the duration of the treatment, 

which subsequently reduces platelet aggregability in vivo (258). Nevertheless, as 

elucidated earlier, caffeine is also known to have adverse effects on cardiac health. 

Since taurine’s and caffeine’s varied health effects have been a widely debated topic, 
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it is essential to determine their combined health potential and the beneficial dosages 

to be used in energy drinks.  

The hypothesis of the study is that taurine, an antioxidant, may be able to 

effectively attenuate the risk of thrombosis by inhibiting platelet aggregation, and 

caffeine, a competitive antagonist of the adenosine A2A receptors subsequently 

leading to an inhibition of platelet aggregation, synergistically may be able to 

significantly reduce platelet and haemostatic activity, instrumental in reducing the risk 

of thrombosis. The aim and objective is to evaluate the synergistic and discrete effects 

of taurine and caffeine on platelet activity using platelet aggregation assays 

(stimulated by ADP and collagen); and haemostatic function by testing prothrombin 

time, activated partial thromboplastin time coagulation assays, lipid profile and 

inflammation markers.  

 

3.2 Materials and Methods  

3.2.1 Volunteers 

Twelve healthy (6 male and 6 female) volunteers between the ages of 18 and 60 years 

were recruited for this study. All volunteers provided written informed consent to 

participate in the study. The criteria for volunteer recruitment for the study included 

healthy, non-smoking males or females with no history of CVD or diabetes. 

Volunteers were screened by means of a questionnaire, which requested information 

regarding the level of physical activity, medical history, diet and use of aspirin-type 

products, non-steroidal anti-inflammatory drugs, blood pressure and other drugs. 
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Volunteers were also requested not to consume any polyphenol rich foods, omega-3 

polyunsaturated fatty acid rich foods, alcohol, cocoa products, coffee or energy drinks 

at least two weeks prior to the study start date. For this in vitro study, compliance was 

only confirmed by the volunteer’s statement on the questionnaire before they signed 

informed consent for phlebotomy. This study did not involve any additional dietary 

supplement intake. 

3.2.2 Study design 

The collected whole blood (WB) was screened for haemoglobin (Hb), haematocrit 

(Hct), white blood cell count (WBC), platelet count (PLT) and mean platelet volume 

(MPV) before analysis. Platelet Rich Plasma (PRP) and Platelet Poor Plasma (PPP) 

were obtained by centrifugation of WB. The obtained plasma was then used to 

determine platelet aggregation, coagulation profile, lipid profile and C-reactive 

protein (CRP) following treatment with taurine, caffeine, and taurine combined with 

caffeine (T+C). The optimal incubation time and dosage of taurine and caffeine to 

significantly stimulate platelet function in PRP was established. 

3.2.3 Blood collection  

Refer to Materials and Methods Chapter 2, Section 2.4 and 2.5. 

3.2.4 Full blood examination (FBE) 

Refer to Materials and Methods Chapter 2, Section 2.7. 

3.2.5 Taurine and Caffeine working solution 

The optimal sub maximal concentration of taurine (500 µM) that inhibits platelet 
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hyperactivity in PRP was determined previously (50).  

The working solution (WS) of taurine was prepared from commercially available 

taurine (ICN Biomedicals Inc, Ohio). The extent of platelet aggregation exhibited by 

different concentrations of caffeine and the optimal dose (700 µM) required to cause 

inhibition of platelet aggregation was determined from the dose response curves 

constructed (Table 5).  

The WS of caffeine was prepared from commercially available caffeine (Sigma-

Aldrich Inc, Australia) in modified Tyrode’s buffer (MTB).  

 

Table 5. The effect of dose and time response of caffeine on platelet aggregation 

induced by ADP & collagen 

Dose, µM MPA-ADP (%) MPA-Collagen (%) 

 Control Test Control Test 

250 87.9 ± 5.4 85.9 ± 7.9 87.0 ± 4.2 89.0 ± 3.4 

500 85.4 ± 8.2 84.0 ± 11.8 87.4 ± 2.8 87.8 ± 4.2 

600 88.7 ± 4.6 82.1 ± 10.0 88.7 ± 1.8 85.3 ± 5.8 

700 89.8 ± 4.0 76.5 ± 14.0 87.6 ± 3.9 82.2 ± 6.6 

1000 88.8 ± 2.5 68.0 ± 32.5 89.0 ± 2.8  58.8 ± 48.7 

Time, min MPA-ADP (%) MPA-Collagen (%) 

 Control Test Control Test 

3 65.0 ± 13.3 46.3 ± 15.9 85.9 ± 6.2 69.3 ± 25.3 

15 54.7 ± 13.3 38.4 ± 16.1 72.5 ± 27.8 44.3 ± 34.2 

30 49.9 ± 14.7 33.7 ± 16.1 57.6 ± 34.2 31.2 ± 37.0 

MPA, Mean platelet aggregation; ADP, Adenosine diphosphate. All values are 
expressed as Mean ± SD. N = 4 for the dose and time response constructed.  
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3.2.6 Platelet aggregation assay  

PRP and PPP used in the testing, was prepared according to the protocol followed in 

the Materials and Methods Chapter 2, Section 2.8. Three different groups (taurine, 

caffeine and T+C) with controls were prepared, all having a final concentration of 500 

μM taurine and 700 μM caffeine. The appropriate volumes of taurine and caffeine 

were then incubated with the separated PRP (37 °C) for 60 minutes and 3 minutes 

respectively. The optimal incubation time was established for taurine from previously 

published data by Santhakumar et al. (50) and for caffeine from the time response 

curve (Table 5). ADP (final concentration- 5 μM) and collagen (final concentration- 1 

μg/mL) were used to stimulate platelet aggregation and the percentage of aggregation 

was recorded for 6 minutes using the Helena AggRam Platelet Aggregometer (Helena 

laboratory, Beaumont Texas, USA). These investigations were carried out within 2 

hours post venepuncture.  

3.2.7 Coagulation assay 

Platelet poor plasma was analysed using the C4 coagulation analyser (Helena 

Laboratory, Beaumont Texas, USA) to evaluate the factors contributing to the 

coagulation cascade using the two most common assays: prothrombin time – PT and 

activated partial thromboplastin time – aPTT. Three different groups (taurine, caffeine 

and T+C) with controls were prepared, all having a final concentration of 500 μM 

taurine and 700 μM caffeine. The appropriate volumes of taurine and caffeine were 

then incubated with PPP (37 °C) at 60 minutes (time response to taurine as described 

previously) (50) and 3 minutes (time response to caffeine, Table 5) respectively. The 

assays were performed according to the protocol described in the Materials and 
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Methods Chapter 2, Section 2.10. 

3.2.8 Lipid profile and C-reactive protein (CRP) assays 

Serum obtained as a result of centrifugation of the SST was analysed using the Cobas 

Integra 400® plus Biochemistry Analyser (Roche diagnostics, Switzerland) to 

determine the effect of taurine, caffeine and T+C on cholesterol, triglycerides, glucose 

and CRP as described in the Materials and Methods Chapter 2, Section 2.11. 

3.2.9 Statistical analysis  

IBM© SPSS© Statistics software version 19 was used to perform a mixed-model 

ANOVA where gender was defined as the between-subjects factor, and treatment 

(defined as taurine, caffeine, or taurine and caffeine) and group (defined as control or 

treated) where specified as within-subject measures. Assumption testing of sphericity 

was not violated. To further elucidate the significance of pair-wise differences 

between these comparisons, paired t-tests were performed where necessary. Graphs 

were generated using GraphPad version 5.00 for Windows, GraphPad Software, San 

Diego California USA. Statistical significance was established when p < 0.05. Any 

significant statistical interactions were included in the analysis where applicable.  

 

3.3 Results 

Baseline parameters for FBE, platelet aggregation, and coagulation profile were 

within normal reference ranges for all volunteers (Table 6).  
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A significant inhibition of platelet aggregation induced by ADP was observed 

with caffeine (p = 0.025) and taurine combined with caffeine (p = 0.001) treated 

samples (Figure 6). 

 

Table 6. Baseline Parameters of Full Blood Examination, Platelet Aggregation and 

Coagulation Assays 

Parameter Mean ± SD Reference ranges 

WBC × 109/L 5.9 ± 1.3 4.0 – 11.0 

RBC × 1012/L 4.7 ± 0.3 3.80 – 6.50 

PLT × 109/L 260 ± 74 150 - 400 

MPV (fL) 7.70 ± 0.67 6.0 – 10.0 

HcT  0.39 ± 0.02 0.36 – 0.54 

Hb (g/L) 140.2 ± 11.1 120 – 180 

PT (sec) 13.6 ± 0.6 11.0 – 15.0 

aPTT (sec) 36.6 ± 5.6 25.0 – 37.0 

PA (%) 85.6 ± 7.7 na 

WBC, White blood cell count; RBC, Red blood cell count; PLT, Platelet count; MPV, 
Mean platelet volume; HcT, Haematocrit; Hb, Haemoglobin; PT, Prothrombin time; 
aPTT, Activated partial thromboplastin time; PA, Platelet aggregation; na, not 
applicable. 

 

A combined treatment of taurine and caffeine (T+C) resulted in a significant 

reduction in platelet aggregation (p = 0.001) induced by collagen. Individual 

treatments with taurine or caffeine did not demonstrate inhibition of platelet 

aggregation induced by collagen (Figure 7).  
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Figure 6. The effect of taurine, caffeine and taurine combined with caffeine (T+C) on 
platelet aggregation induced by ADP. Significant inhibition of platelet aggregation is 
observed post treatment with caffeine (p = 0.025); T+C treated samples. However, a 
greater inhibition of platelet aggregation is seen with the treatment of T+C (p = 
0.001). N = 11 (males = 5, females = 6). *Treated samples exhibit a statistically 
significant (p < 0.05) in vitro inhibition of platelet aggregation when compared to its 
respective control samples. The error bars represent 95% confidence interval. 
Concentrations of taurine and caffeine used were 500 µM and 700 µM respectively. 

 

Figure 7. The effect of taurine, caffeine and taurine combined with caffeine (T+C) on 
platelet aggregation induced by collagen. Significant inhibition of platelet aggregation 
is observed post treatment with T+C (p = 0.001). N = 11 (males = 6, females = 5). 
*Treated samples exhibit a statistically significant (p < 0.05) in vitro inhibition of 
platelet aggregation when compared to its respective control samples. The error bars 
represent 95% confidence interval. Concentrations of taurine and caffeine used were 
500 µM and 700 µM respectively. 
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Taurine and T+C increased PT when compared to the baseline (p = 0.0446 and 

p = 0.0117 respectively). In contrast, caffeine alone decreased PT (p = 0.0263) 

(Figure 8). 

 

Figure 8. The effect of taurine (500 µM), caffeine (700 µM) and taurine combined 
with caffeine (T+C) on prothrombin clotting time. Treatment with taurine and T+C 
increased PT while treatment with caffeine decreased clotting time. N = 11 (males = 
6, females = 6). *Treated samples exhibit statistically significant (p < 0.05) changes to 
clotting time. The error bars represent 95% confidence interval. 
 

Activated partial thromboplastin time (aPTT) remained unaffected post 

treatment. An increase in CRP was observed when the samples were treated with 

caffeine only (p = 0.0387). Cholesterol, triglycerides and glucose levels did not 

change post treatment with taurine or caffeine. 
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3.4 Discussion 

The aim of the study was to evaluate the in vitro synergistic and discrete effects of 

taurine and caffeine on platelet activity and haemostatic function, using platelet 

aggregation, coagulation and lipid profile. The results from this study demonstrate a 

significant decrease in platelet aggregation in PRP with the treatment of caffeine and 

taurine combined with caffeine (T+C) induced by ADP (5 μM). A significant decrease 

in platelet function induced by collagen (1 μg/mL) was observed with the treatment of 

T+C only.  

These findings show that the synergistic activity of taurine and caffeine 

alleviated platelet aggregation greater than taurine or caffeine alone. In addition, 

platelet aggregation was carried out using minimal optimal doses of taurine (500 μM 

or 0.625 g/L) and caffeine (700 μM or 1.35 g/L) as opposed to high concentrations 

used by previous studies (258-260). It has been reported that a 4 g oral 

supplementation of taurine results in a plasma concentration of 690 μM or 0.86 g/L 

(261). Hence, the concentration of taurine used in this in vitro study is similar to the 

plasma concentration of taurine after consuming concentrated shots of energy drink. 

The plasma concentration of caffeine used in the study is greater than that attainable 

after intake of concentrated shots of energy drinks. However, this concentration (700 

μM) of caffeine synergistically with lowered doses of taurine has shown potential in 

attenuating platelet activity.  

Usually a biphasic platelet aggregation response, that is, a primary and 

secondary wave of aggregation, is evident after being induced by ADP platelet 

agonist. The exogenous ADP agonist initiates the primary wave of aggregation and 
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the secondary wave by the endogenous ADP released by platelets (262). In this study, 

it was seen that a considerable number of participants demonstrated a loss of the 

secondary wave of aggregation response to ADP after treatment with T+C. Collagen 

platelet agonist induces only a single wave of platelet aggregation. It initiates a 

platelet shape change from discoid to a more spherical form characterized by a lag 

phase before the start of platelet aggregation (262). It was also observed that, T+C 

alone considerably prolonged the initial lag phase and inhibited the platelet 

aggregation response. Further in vivo mechanistic studies would be required to verify 

the exact mechanism by which T+C exerts this effect on platelet aggregation induced 

by ADP and collagen. 

Prothrombin time – PT and activated partial thromboplastin time – aPTT are 

common laboratory tests to evaluate the time taken for clot/thrombi to form in plasma. 

It helps to diagnose for blood coagulation disorders and the effectiveness of 

anticoagulant therapy. The hypothesis is that taurine and caffeine synergistically will 

help in attenuating the rate of clot formation by retarding the deposition of fibrin on 

established thrombi or by preventing the formation of new thrombi. A considerable 

prolongation in PT was observed after the in vitro administration of taurine and T+C 

but a significant decrease was seen after the treatment with caffeine. Though 

statistically significant, the effect on PT is not clinically significant as it remained 

within the normal reference ranges (11-15 seconds for adults). An increase or 

decrease in PT above or below the reference ranges is associated with an increased 

bleeding tendency or increased thrombotic tendency respectively.  

Due to the lack of a clinically significant impact on the clotting factors, taurine 

and T+C cannot be considered as effective anticoagulants but can be described as a 
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haemostasis stabilizer and caffeine alone, a possible precursor to thrombotic 

tendencies. aPTT remained unchanged after the treatment process, suggesting that 

neither taurine nor caffeine affected the intrinsic haemostatic pathway. This finding is 

in agreement with the study by Miglis et al. which demonstrated a statistically 

significant increase in thrombin time (TT) by taurine, while leaving PT and aPTT 

unchanged (259). However, the above results were not clinically significant since 

these measures were within normal reference ranges.  

Treatment with taurine or caffeine or T+C did not have an effect on 

cholesterol, triglycerides or glucose but a significant increase in C-reactive protein 

(CRP) was observed post caffeine treatment. CRP is an acute phase protein found in 

blood, the levels of which escalate during an infectious or inflammatory condition, 

cardiovascular disease or malignancy. This effect of caffeine on CRP is in accordance 

with the study by Ganapathi et al. where the investigators evaluated the effects on 

caffeine on acute-phase proteins (CRP being one of those proteins) (263). According 

to this study, 2 mM of caffeine had led to a significant potentiating of CRP induction, 

ranging from 40 to 180–fold increase above the controls. Although the exact 

mechanism by which caffeine exerts its biological effects are not fully understood, it 

is believed to be mediated through increases in intracellular concentrations of cAMP 

or calcium. This increase in cAMP by caffeine correlates to the inhibition of platelet 

activity demonstrated in the present study. Further studies may be required to 

elucidate the relationship between caffeine and plasma CRP levels.  

Previous studies have shown that taurine (50, 259, 264) and caffeine (253-256, 

265, 266), major components of energy drinks, individually attenuates platelet 

function, but a synergistic effect of taurine and caffeine (T+C) on platelet activity or 
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haemostatic function have not been demonstrated. The results suggests that T+C have 

a greater potential to inhibit platelet function than taurine or caffeine alone. This 

considerable alleviation of platelet aggregation by T+C may possibly attribute to 

reduce the hyper-coagulative states in cardiovascular risk population. In recent times, 

higher doses of anti-coagulant therapy have been responsible for causing a variety of 

side effects such as haemorrhagic strokes (267), gastric mucosal injury (268) and 

renal toxicity (269). In addition to its sensitivity, it has been noted that in patients with 

stable CVD receiving anti-platelet therapy, some have been found to have incomplete 

inhibition of platelet aggregation or in other words resistance to the drug (270). 

Taking into account their sensitivity and resistance, a supplement that would 

efficiently function alongside these drugs in alleviating platelet aggregation and 

reduce their dosage administered to CVD patients would prove to be effective and 

safe anti-platelet therapy.  

 

3.5 Conclusion  

These data support the hypothesis that the synergistic effect of taurine and caffeine 

may be instrumental in reducing platelet activity and hence these components of 

energy drinks could be beneficial and effective in reducing platelet activity and 

thrombotic risks at low optimal concentrations. Further in vivo mechanistic and 

interventional studies are required to examine the pathway involved in support of 

beneficial role of taurine and caffeine as a supplement to antiplatelet therapy in 

prevention of risk factors leading to CVD.  
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Although taurine and caffeine synergistically exhibited anti-thrombotic properties 

by antagonising adenosine and collagen receptors, they seem to have little or no effect 

on the COX-1 pathway of platelet stimulation at physiologically attainable 

concentrations. Since the aim of the project is to evaluate the possibility of a natural 

antioxidant compound in targeting multiple pathways of platelet activation, such as 

the P2Y1/P2Y12 ADP pathway, collagen receptors and the COX-1 arachidonic acid 

pathway (similar to aspirins mode of action) it was decided to investigate the potential 

of other natural dietary antioxidants such as polyphenols and their active metabolites 

on platelet function.  
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4. Hippuric acid – an active metabolite of polyphenols 
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Abstract  

Platelet hyper-activity has been responsible for the initiation and progression of a 

number of thrombotic conditions such as CVD. We believe that hippuric acid, a 

potential active metabolite of polyphenols such as anthocyanins and quinic acid, 

increased levels of which are detected post polyphenol rich diet, may play a role in the 

reduction of platelet activation-dependant conformational change or degranulation. 

Fasting blood samples were collected from 13 healthy participants to analyse the 

effect of varying concentrations of hippuric acid (100 µM, 200 µM, 500 µM, 1 mM 

and 2 mM) on activation-dependant platelet surface-marker expression. PAC-1 and P-

selectin/CD62P monoclonal antibodies were used to evaluate platelet activation 

related conformational changes and α-granule release respectively using 

flowcytometry. Platelets were stimulated via the P2Y1/P2Y12 – ADP pathway of 

platelet activation. Hippuric acid at a concentration of 1 mM and 2 mM significantly 

reduced P-selectin/CD62P expression (p = 0.03 and p < 0.001 respectively) induced 

by ADP and 2 mM concentration inhibited PAC-1 activation-dependant antibody 

expression (p = 0.03). Baseline blood cell counts, biochemical profile and 

inflammation marker were within normal reference ranges for all participants. The 

increasing resistance/non-responsiveness in the use of anti-platelet drugs has 

warranted for natural dietary polyphenols to complement or replace current 

therapeutics. In addition to phenolic compounds such as anthocyanins and quercetin, 

active metabolites such as hippuric acid may have the potential to reduce platelet 

activation and consequently the risk of thrombosis. 
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4.1 Introduction 

According to the National Heart Foundation of Australia, CVD including stroke and 

vascular disease is the leading cause of death in Australia, with 45,622 deaths in 2011 

(271). Amongst several risk factors including smoking, hypertension, genetic 

association and obesity, poor nutrition has also been one of the precursors. Several 

clinical trials have reported the benefits of a healthy diet in reducing the risk of CVD 

and vascular disorders (272-274). Interest in antioxidants and polyphenols such as 

anthocyanins and quercetin continues to grow as a result of their reported anti-

thrombotic and cardiovascular benefits (49, 50, 275-277). Analysis of the 

pharmacokinetics and bioavailability after polyphenol/anthocyanin rich food intake 

has resulted in the identification of a major potential active metabolite, hippuric acid 

in both serum and plasma (228, 278). A preliminary pilot trial by Netzel et al. 

demonstrated that consumption of 400 mL of a novel variety of plum (Queen-Garnet 

plums) known to possess high levels of anthocyanins, up to 272 mg/100 g fruit with 

cyanidin-3-glucoside, cyanidin-3-rutinoside as the main pigments and about 44 

mg/100mL of quercetin derivatives, resulted in the significant increase of hippuric 

acid levels in urine (228). Hippuric acid has also been hypothesised to be a common 

metabolite/biomarker for a number of phenolics and is reported to reach 1-2 mM 

concentration in human urine (279). Consumption of black and green tea solids (278), 

cranberry juice (280), red wine, grape juice (281) and fruits/vegetables in general 

(279) also has shown increase in urinary hippuric acid levels. The increased levels is 

believed to be due to the microbial degradation of polyphenols especially 

anthocyanins and quinic acid in the colon followed by hepatic conjugation with 
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glycine (282, 283). Evidence also suggests that majority of hippuric acid excreted in 

the urine is due to the catabolism of quinic acid, naturally occurring nutrient in 

coloured fruits and vegetables, to benzoid type compounds via the shikimate 

metabolic pathway (283). A detailed representation of the potential mechanism of 

absorption and breakdown of anthocyanins to hippuric acid is shown in Figure 9. In 

spite of hippuric acid being a consistent biomarker/metabolite, there are no well 

documented cardiovascular benefits associated with it. 

Several in vitro and in vivo trials have demonstrated the prospective of natural 

dietary phenolics rich in antioxidants, such as anthocyanins (275, 284, 285) and 

quercetin derivatives (277), in reducing thrombotic risk by alleviating platelet 

hyperactivity/aggregation but have overlooked the potential anti-thrombotic 

tendencies of its active metabolites. Similar to the action of current anti-platelet drugs 

such as clopidogrel, polyphenols have been demonstrated to block activation 

dependant platelet surface receptors such as P2Y1/P2Y12 consequently reducing the 

risk of thrombosis (276). We hypothesize that, active metabolites such as hippuric 

acid, could be partially responsible for the claimed anti-platelet properties of 

polyphenols. 

 In this preliminary in vitro trial we evaluated the effect of hippuric acid, a 

potential active metabolite, in targeting the P2Y1/P2Y12 pathway of platelet activation. 

We analysed the effect of various concentrations of the metabolite on activation 

dependant platelet surface receptor P2Y1/P2Y12 induced by ADP, a physiological 

platelet activator, by evaluating the expression of platelet activation-related 

conformation change and degranulation.  
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Figure 9. The potential mechanism of absorption, metabolism and elimination of 
anthocyanins into hippuric acid. Anth-3-gly, anthocyanin-3-glycoside; LPH, lactate 
phlorizin hydrolase; SGLT, sodium-glucose co-transporter  
 



 

96 
 

4.2 Methods and Materials 

4.2.1 Subject screening and recruitment 

Thirteen healthy participants (6 males and 7 females) were recruited from the general 

population by means of advertisements placed around Griffith University, Gold Coast 

campus. Participants were healthy, non-smokers with no history of metabolic or 

cardiovascular disorder and did not consume anti-inflammatory, anti-platelet 

medications or health supplements at least 7 days prior to blood collection. All 

participants gave their written consent prior to blood collection. Blood sample 

collection and processing procedures were performed according to the protocol 

described in the Materials and Methods Chapter 2, Section 2.4 and 2.5.  

Baseline full blood examination (FBE) and biochemical profile was carried 

out for initial subject screening and recruitment (Refer section 2.7 and 2.11 in 

Materials and Methods Chapter 2 for details).  

4.2.2 Hippuric acid 

Hippuric acid used in the analysis was purchased from Sigma-Aldrich, Australia. 

Working solutions of 100 µM, 200 µM, 500 µM, 1 mM and 2 mM were prepared 

from a stock solution of 20 mM concentration diluted in 1x concentration of PBS. 

Aliquots of different concentrations of hippuric acid were stored at 4ºC to avoid 

bacterial contamination.  

4.2.3 Activation dependant platelet surface-marker expression  

Whole blood was incubated with respective concentrations of hippuric acid and 

control (PBS) for 15 min at room temperature. After incubation, the samples were 
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then processed for activation dependant-platelet surface marker evaluation according 

to the procedure described in the Materials and Methods Chapter 2, Section 2.9.  

4.2.4 Statistical analysis 

A two-way ANOVA following Tukey’s post comparison test was performed 

using GraphPad Prism version 6.0 for Windows (GraphPad Software, La Jolla, 

California, USA). A minimum sample size of 12 participants in each group is required 

for 80% power to detect a 5% variation in the laboratory parameters measured (mean 

population’s platelet count; mean platelet volume (MPV) and ADP stimulated platelet 

activation with known mean value – mu (0); expected mean value – mu (1) and SD – 

sigma), where a 3-5% standard deviation exists in the population, assuming an alpha 

error of 0.05. All the data is expressed as mean ± standard deviation. Differences 

between the groups were considered to be significant when p < 0.05. Any significant 

statistical interactions were included in the analysis where applicable. 

 

4.3 Results 

Baseline full blood examination, inflammation marker and biochemical profile of the 

participants under study were within normal reference ranges (Table 7) as established 

by the Royal College of Pathologists Australasia (226).  
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Table 7. Baseline parameters of study participants 

Parameters Mean± SD 

n (M = 6/F = 7) 13 

Age (y) 30 ± 3 

Body mass (kg) 73 ± 8 

BMI (kg/m2) 23.6 ± 0.7 

Haemoglobin (g/L) 140.2 ± 10.8 

Haematocrit 0.40 ± 0.02 

RBC (×1012/L) 4.9 ± 0.4 

WBC (×109/L) 6.2 ± 1.2 

Platelet (×109/L) 217 ± 13 

MPV (fL) 9.06 ± 0.99 

Total cholesterol(mmol/L) 4.40 ± 0.81 

HDL (mmol/L) 1.52 ± 0.32 

Triglycerides (mmol/L) 0.85 ± 0.35 

LDL (mmol/L) 2.49 ± 0.72 

Glucose (mmol/L) 4.8 ± 0.6 

Uric acid (µmol/L) 274.7 ± 75.5 

CRP (mg/L) 0.85 ± 0.76 

BMI, body mass index; RBC, red blood cell; WBC, white blood cell; MPV, mean 
platelet volume; HDL, high density lipoprotein; LDL, low density lipoprotein, CRP, 
C-reactive protein. 

 

It was observed that whole blood in vitro treatment with 1 mM and 2 mM 

concentrations of hippuric acid reduced P-selectin/CD62P expression induced by ADP 

platelet agonist by 7.5% and 14% respectively (Figure 10). Lower concentrations of 

hippuric acid (100 µM, 200 µM or 500 µM) did not have a statistically significant 

effect on P-selectin platelet surface marker expression but demonstrated a trend in 

inhibition of the activation-dependant monoclonal antibody expression (Figure 10).  
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Figure 10. The effect of varying concentrations of hippuric acid on P-selectin/CD62P 
surface marker expression. Hippuric acid at 1 mM and 2 mM concentration inhibits P-
selectin activation dependant monoclonal antibody expression consequently platelet 
de-granulation/α-granule release (<45.9 ± 50.3, p = 0.03 and <89.6 ± 74.6, p < 0.001 
respectively). N = 13 and the data is represented as mean fluorescence intensity 
(MFI). * signifies statistical significance p < 0.05.  

 

Hippuric acid at a concentration of 2 mM inhibited the initial platelet 

activation phase, by 11%, involving its conformational change targeting the GPIIb-

IIIa receptor, evident from PAC-1 activation-dependant monoclonal antibody 

expression (Figure 11). Lower concentrations of hippuric acid did not affect PAC-1 

expression.  
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Figure 11. The effect of different concentrations of hippuric acid on PAC-1 activation 
dependant surface marker expression. Hippuric acid at 2 mM concentration inhibits 
activation dependant conformational changes in platelets (<53.0 ± 81.2, p = 0.03). N = 
13 and the data is represented as mean fluorescence intensity (MFI). * signifies 
statistical significance p < 0.05. 

 

4.4 Discussion 

In this in vitro trial we have demonstrated the potential of hippuric acid in alleviating 

platelet activation stimulated by an exogenous agonist, ADP, which is responsible for 

thrombus formation and platelet adhesion in vivo. This potent platelet stimulant was 

used to activate resting platelets ex vivo and target the P2Y1/P2Y12 receptor of platelet 

activation. Hippuric acid at 1 mM and 2 mM concentrations reduces P-

selectin/CD62P mAb expression indicating its ability to inhibit platelet degranulation 

consequently platelet activation. Furthermore, we observed that 2 mM of hippuric 

acid reduces ADP induced PAC-1 mAb expression. Reduced PAC-1 expression 

signifies the suppression of GPIIb-IIIa receptor-mediated conformational change of 

platelets, the preliminary phase of platelet activation. However we did not observe 
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inhibition of platelet activation by lower concentrations of hippuric acid in relation to 

the expression of activation dependant conformational change or degranulation 

markers. There is large standard deviation observed in P-selectin and PAC-1 

expression between participants due to their normal baseline differences. These 

variations are often seen and that is why there are no established normal or therapeutic 

reference ranges for these test parameters. However, change in platelet activation after 

treatment with hippuric acid demonstrated attenuation of platelet activity in individual 

participants. 

In platelet related thrombogenesis, platelets adhere to damaged endothelium; 

undergo a conformational change followed by activation and degranulation (286). 

This activation results in the binding of fibrinogen to platelet surface receptors 

consequently leading to thrombus formation (286). Current antiplatelet drugs target 

different receptors on the surface of platelets or blocking their activation pathways in 

order to reduce platelet hyper-activation or hyper-aggregability. For example, aspirin, 

the most commonly used antiplatelet drug, inhibits platelet activity by targeting the 

cyclooxygenase-1 (COX-1) enzyme hence blocking the production of thromboxane 

A2 (TxA2), a pro-thrombotic agent (287). Furthermore, clopidogrel binds irreversibly 

to the P2Y1/P2Y12-ADP platelet surface-receptor consequently reducing ADP induced 

platelet activation (12). Similar to the anti-thrombotic action of clopidogrel, in the 

current in vitro trial it was observed that 1 mM and 2 mM concentrations of hippuric 

acid efficiently target the P2Y1/P2Y12 platelet surface-receptor induced by ADP. 

Furthermore, the thiol derivatives of antiplatelet drugs such as clopidogrel and 

ticlopidine binds in a covalent manner to the P2Y1/P2Y12 ADP receptor and blocks the 

activation of platelets (288). Results suggest that hippuric acid at 1-2 mM 
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concentrations could potentially block the ADP receptor of activation thereby 

mimicking the action of anti-platelet drugs. In an in vitro trial performed by Ostertag 

and colleagues, 100 µM hippuric acid did not inhibit collagen induced P-selectin 

expression but reduced platelet aggregation (176). Furthermore, Rechner et al. 

demonstrated that lower concentrations of hippuric acid (10 µM) did not exhibit an 

inhibitory effect on thrombin receptor activating peptide induced P-selectin 

expression in an in vitro trial evaluating the effect of anthocyanins and colonic 

metabolites of polyphenols on platelet function (284). The results are in agreement 

with the above in vitro trials, where low quantities of hippuric acid did not effectively 

block platelet activation dependant receptors. To the best of my knowledge not many 

studies have examined the platelet activation-specific effects of active metabolites 

such as hippuric acid. For the first time we have shown the potential of the metabolite 

in reducing platelet activation related conformational change and inhibition of α-

granule release. 

Though elevated levels of hippuric acid have been reported in urine after 

consumption of polyphenol rich fruits and vegetables (279), concrete evidence of 

plasma/serum hippuric acid levels is not available. Though, it has been found in the 

dietary intervention trial (Chapter 5 of this thesis) that consumption of anthocyanin-

rich Queen Garnet plum juice, 200 mL/day for 28 days resulted in hippuric acid 

concentrations of about 35 µM and 280 µM in plasma and urine respectively. It has 

been suggested that majority of the hippuric acid found in urine is due to the synthesis 

of quinic acid present in antioxidant rich fruits (283). Ronald W. Pero recently 

proposed that quinic acid and its end catabolite, hippuric acid may themselves not be 

efficacious but may lead to the production of increased levels of nicotinamide and 
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tryptophan as antioxidants through the shikimate pathway (283). Since consumption 

of foods rich in polyphenols increases the bioavailability of physiological hippuric 

acid with the thus observed platelet-activation inhibitory benefit, we believe that it 

could be partially responsible for the claimed anti-thrombotic activity of polyphenols.  

In spite of the demonstrated platelet activation inhibitory properties of 

hippuric acid, there may be a few limitations to the study. Although the participants 

were requested to avoid consuming an antioxidant rich diet 7 days prior to blood 

collection, there is always a question of subject compliance. There is a possibility that 

the demonstrated anti-thrombotic properties may be additionally due to the 

antioxidant polyphenols consumed in the diet. Furthermore, the present study shows 

the anti-thrombotic effect of acute in vitro addition of varying high physiological 

concentrations of hippuric acid to whole blood directly. But it is unclear whether a 

similar effect of active metabolites in vivo can be seen after prolonged consumption of 

large quantities of polyphenol rich food.  

Although there is a difficulty in attaining such high concentration of the active 

metabolite hippuric acid in plasma post polyphenol rich food ingestion, this study 

could be used to validate the feasibility of in vivo dietary intervention trials to report 

on the potential of phenolic antioxidant compounds on platelet function.  

Further studies investigating the dietary supplementation effect of polyphenol 

rich food supplements/products on platelet activity to evaluate in vivo platelet 

activation related mechanistic pathways is essential.  
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5. Polyphenols and Thrombosis 
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Abstract  

The anti-thrombotic properties of natural phenolic antioxidants (anthocyanins) in 

Queen-Garnet-plum juice (QGPJ) were studied in this randomized, double-blind, 

crossover trial. Twenty-one healthy participants (M = 10, F = 11) consumed QGPJ, 

prune juice – PJ or placebo, 200 mL/day for 28 days followed by a 2 week wash out 

period. Anthocyanin-rich QGPJ supplementation inhibited platelet aggregation 

induced by ADP (<5%, p = 0.02), collagen (<2.7 %, p < 0.001) and arachidonic acid 

(<4%, p < 0.001); reduced platelet activation-dependent surface-marker P-selectin 

expression of activated degranulated platelets (<17.2%, p = 0.04); prolonged activated 

partial thromboplastin clotting time (>2.1 sec, p = 0.03); reduced plasma fibrinogen 

levels (<7.5%, p = 0.02) and decreased plasma biomarker of oxidative stress 

(malondialdehyde) (p = 0.016). PJ supplementation increased plasma hippuric acid 

content (p = 0.018). QGPJ or PJ supplementation did not affect blood cell counts, 

lipid profile, or inflammation marker. Findings suggest that QGPJ antioxidants have 

the potential to attenuate thrombosis by reducing platelet activation/hyper-

coagulability and oxidative stress, hence require further investigation to study their 

effectiveness as possible anti-platelet therapy. 
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5.1 Introduction 

Hyperactivity or hyper-aggregation of platelets has been responsible for a number of 

pro-thrombotic disease states such as cardiovascular diseases (CVD) (289). In the 

event of endothelial vessel wall damage, circulating platelets attach and aggregate at 

the surface of the damaged endothelium. They consequently undergo activation in 

response to stimuli that triggers activation-dependent platelet surface-receptors such 

as P2Y1 and P2Y12 (ADP receptors), thromboxane A2 (TxA2), α2A epinephrine, PAR-1 

and PAR-4 thrombin, GPVI and α2β1 collagen receptors (227, 286, 290, 291). Current 

anti-platelet drugs block such receptors to reduce platelet hyper-activation and help 

reduce risk of thrombosis in vascular conditions. Though anti-platelet drugs such as 

aspirin and clopidogrel have been mainstay treatments in reducing thrombotic risk, 

there have been several reports of resistance and sensitivity (292, 293). Combination 

therapy using aspirin, clopidogrel and warfarin was also associated with significant 

bleeding risk (225).  

We believe that natural dietary derived plant phenolic antioxidants such as 

anthocyanins could be complementary to current anti-platelet therapeutics by 

simultaneously targeting various platelet activation pathways and potentially help 

overcome the reported side effects. Anthocyanins are a main polyphenol subclass and 

are some of the most abundant polyphenols in fruits and vegetables with an estimated 

mean intake in Europe of up to 64.9 mg anthocyanidins/day (294). Recent reviews 

have summarized several dietary intervention trials demonstrating the cardiovascular 

protection of anthocyanin-rich food and beverages in humans (276, 295). Anthocyanin 

containing purple grape juice and red grape juice supplements inhibited platelet 
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aggregation in healthy subjects as well as reduced oxidized LDL and the activity of 

NADPH oxidase in dialysis patients (296, 297). In another trial with 12 healthy 

volunteers, using an anthocyanin-rich red wine (304 µmol/300 mL) as the study 

beverage, Natella and colleagues observed a complete prevention of the typical 

postprandial increase in lipid hydroperoxides and cholesterol oxidation products when 

consumed together with the meal (298). Rechner and Kroner also demonstrated the in 

vitro inhibitory properties of anthocyanins and some colonic polyphenol metabolites 

on platelet activation and aggregation (284). In spite of favourable effects of 

anthocyanins exhibit on cardiac health, data from a study by Curtis and colleagues 

demonstrated that 500 mg/day of anthocyanin-rich elderberry extract was not effective 

in altering biomarkers of CVD risk (299). 

Queen Garnet is a new Japanese plum (Prunus salicina) cultivar that was 

developed in a Queensland Government breeding program in Australia and shown to 

contain very high levels of anthocyanins of up to 272 mg/100 g fresh fruit with 

cyanidin-3-glucoside and cyanidin-3-rutinoside as the main pigments (228). In a pilot 

trial with two healthy male participants, 400 mL Queen Garnet plum juice (QGPJ) 

containing 1.12 g anthocyanins and 2.66 g total phenolics decreased the urinary 

excretion of malondialdehyde, a biomarker for lipid peroxidation (300), within 24 h 

(228). We have also previously demonstrated the in vitro inhibition of platelet 

activation by hippuric acid, a potential active metabolite of QGPJ consumption at 

1mM and 2 mM concentrations (Chapter 4). 

In the present study, we aim to compare the potential of anthocyanin-rich 

QGPJ and commercial prune juice, in inhibiting platelet hyper-activity targeting 

various platelet activation pathways thereby reducing thrombotic risk. The hypothesis 
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is that anthocyanin-rich QGPJ may ameliorate platelet activation related 

thrombogenesis and maintain haemostatic function by 1) reducing platelet aggregation 

and activation by blocking/inhibiting various platelet activation pathways, 2) 

prolonging clotting time and reducing fibrinogen concentration and 3) exhibiting 

favourable effects on lipid profile and inflammation. Furthermore, the concentrations 

of malondialdehyde and hippuric acid, a colon bacterial/liver derived metabolite of 

dietary polyphenols and potential biomarker for total polyphenols intake (301), were 

analysed in plasma and urine of the participants pre and post treatment to confirm 

dietary uptake of polyphenols and impact on plasma oxidation. 

 

5.2 Materials and methods 

5.2.1 Study participants and experimental design 

After approval by the Griffith University Human Research ethics committee, 21 

healthy volunteers (11 men and 10 women) were recruited from the local community. 

Participants provided informed, written consent prior to participation and were 

screened by means of questionnaires to be apparently healthy, non-smokers, with no 

history of metabolic or cardiovascular diseases, and not consuming daily 

health/energy supplements, anti-platelet or anti-inflammatory medications during the 

duration of the study. Volunteers on high antioxidant diets were screened using dietary 

antioxidant questionnaires and were excluded from the study. A cut-off figure for each 

type of food listed in the Dietary antioxidant questionnaire was used in the inclusion 

criteria. The cut-off was based on the Nutrient references ranges for Australia and 

New Zealand – recommended daily nutrient intake values. Volunteers’ usual dietary 
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intake frequency of polyphenol rich foods, alcohol, caffeine and other parameters, 

which could potentially affect the parameters tested in the studies was carefully 

analyzed before the inclusion of volunteers for the dietary intervention trials. A 

description of the cut-off used in the antioxidant questionnaires has been included in 

the Materials and Methods section (Refer to Section 2.2 in Materials and Methods 

Chapter 2 for more details). Initial screening using baseline full blood examination 

(FBE), biochemical profile, BMI and blood pressure determined that volunteers were 

within normal reference ranges (Table 8) as established by the Royal College of 

Pathologists of Australasia (RCPA) (226).  

Table 8. Baseline biochemical and haematological parameters of study participants 

Parameters Male (n = 10) Female (n = 10) 

Age (years) 32.9 ± 11.8 34.2 ± 10.8 

BMI (kg/m2) 21.2 ± 2.6 19.6 ± 1.5 

BP (mm Hg) 127 ± 9 / 76 ± 6 121 ± 8 / 74 ± 7 

Haemoglobin (g/L) 138.3 ± 5.4 129.9 ± 9.8 

Haematocrit (%) 40.6 ± 1.0 38.4 ± 2.0 

RBC (×1012/L) 4.9 ± 0.1 4.6 ± 0.3 

WBC (×109/L) 6.0 ± 1.7 7.0 ± 2.0 

Platelets (×109/L) 227 ± 41 262 ± 55 

MPV (fL) 8.12 ± 1.08 8.0 ± 0.73 

TC (mmol/L) 4.42 ± 0.86 4.82 ± 0.86 

HDL (mmol/L) 1.40 ± 0.35 1.64 ± 0.42 

TG (mmol/L) 0.85 ± 0.30 1.05 ± 0.45 

LDL (mmol/L) 2.63 ± 0.83 2.70 ± 0.84 

Glucose (mmol/L) 5.15 ± 0.41 4.88 ± 0.37 

Values are represented as mean ± SD. BP, blood pressure; RBC, red blood cell; WBC, 
white blood cell; MPV, mean platelet volume; TC, total cholesterol HDL, high density 
lipoprotein; TG, triacylgycerol. 
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A randomized, double blind, placebo-controlled, cross-over trial was 

performed (Figure 12). After initial screening volunteers were randomly assigned into 

three different supplement groups – QGPJ or PJ or sugar and colour matched placebo 

(PBO). The randomization was made using computer-generated arbitrary number 

codes for each volunteer and was assigned by a statistician who worked independently 

to the study investigators. Juice supplementation bottles of 1 L each, were identical 

white plastic bottles labelled with respective volunteer codes and content codes (A, B 

and C). The labelling of the juice bottles were carried out by a research assistant 

independent to the investigators of this study, so as to maintain the blinding of the 

study investigators.  

During the study period, volunteers adhered to their usual diet, but consumed 

200 mL of either QGPJ or PJ or PBO for 28 days. At Day 1, baseline fasting blood 

and urine samples were collected to evaluate: 1) platelet aggregation, 2) platelet 

activity – activation-dependent surface marker expression, 3) haemostatic function – 

coagulation assays, 4) full blood cell counts, 5) biochemical profile, 6) inflammation 

marker and 7) oxidative stress and polyphenol intake biomarkers. Following 4 weeks 

of supplementation with any of the three juices, the sample collection and assays were 

repeated on Day 29. After a two-week wash out period, carried out to avoid potential 

antioxidant carry-over from a previous supplementation regime, the supplementation 

cross-overs were performed, and sample collection and assay procedures repeated, i.e. 

second cross-over on Day 44 (pre supplementation testing) and Day 73 (post 

supplementation testing); third cross-over Day 88 (pre supplementation testing) and 

Day 117 (post supplementation testing). The study protocol is outlined in Figure 12. 
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Figure 12. Double-blind, randomized, placebo controlled, dietary intervention trial. 
QGPJ, Queen Garnet plum juice; PJ, prune juice; PBO, sugar and colour matched 
placebo drink; PT, prothrombin time; aPTT, activated partial thromboplastin time; 
FBC, full blood count; CVD, cardiovascular disease; MI, myocardial infarction; 
AOX, antioxidant; CRP, C-reactive protein.  
 

5.2.2 Study beverages 

QGPJ was prepared as described previously (228), using fruit harvested in February 

2012. PJ was commercially sourced prune juice (100% prune juice from concentrate, 

Bickford’s Australia, Salisbury South, SA, Australia). The placebo drink (PBO) was 

prepared by diluting a commercial raspberry flavoured cordial that did not contain 

juice or anthocyanins (Ingredients: water, sugar, acidity regulator [E330], flavour, 

natural colour [E163], preservatives [E211, E223]. Coles Smart Buy - Raspberry 
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flavoured cordial, Coles, Brisbane, QLD, Australia) 1:4 with water. All study 

beverages were heated to 72˚C and held for 5 min prior to pack off into identical 1 L, 

white plastic bottles and stored at 4˚C prior to distribution to participants. The study 

beverages were analysed for anthocyanins, quercetin glycosides, total phenolics 

(Folin-Ciocalteu method), 5-hydroxymethyl-2-furfural, and oxygen radical 

absorbance capacity (ORAC assay) as previously described (228). Energy, protein, 

fat, total sugar, fibre, vitamin C and several B-vitamins were determined by a 

commercial laboratory (Symbio Alliance, Brisbane, QLD, Australia). 

5.2.3 Dietary intake monitoring 

Refer to Section 2.3 in Material and Methods Chapter 2. 

5.2.4 Blood and urine sample collection 

Pre and post supplementation blood and urine samples were collected according to the 

protocol followed in the Materials and Methods Chapter 2, Section 2.4 and 2.6.  

5.2.5 Full blood examination and Biochemical assays 

Full blood cell examination and biochemical profile analysis were carried out 

according to the procedures described in Section 2.7 and 2.11 of the Materials and 

Methods Chapter 2.  

Hippuric acid (plasma and urine) and plasma malondialdehyde (MDA) was 

analysed according to the protocol described in Section 2.12 of the Materials and 

Methods Chapter 2. 
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5.2.6 Platelet aggregation assay 

Refer Section 2.8 in Materials and Methods Chapter 2 for detailed description. 

5.2.7 Activation-dependent platelet surface marker expression 

Refer Section 2.9 in Materials and Methods Chapter 2 for detailed description. 

5.2.8 Coagulation assay 

Refer Section 2.10 in Materials and Methods Chapter 2 for detailed description. 

5.2.9 Statistical analysis 

A minimum sample size of 17 volunteers in each group was required for 80% power 

to detect a 5% variation in the laboratory parameters measured (mean population’s 

platelet count; mean platelet volume (MPV) and ADP stimulated platelet activation. 

Parameters considered: known mean value – mu (0); expected mean value – mu (1) 

and SD – sigma), where a 3-5% standard deviation exists in the population, assuming 

an alpha error of 0.05. Power calculations were performed based on baseline mean 

platelet count, mean platelet volume and ADP stimulated aggregation. Repeated 

measures analysis of variance (ANOVA) with Newman-Keuls post-test analysis was 

performed using GraphPad Prism version 6.0 for Windows (GraphPad Software, La 

Jolla, CA, USA). Statistical significance was established when p < 0.05. Any 

significant statistical interactions were included in the analysis where applicable. All 

data are reported as mean ± SD. 
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5.3  Results 

Of the 21 participants randomly assigned different study beverages, one volunteer 

withdrew from the study due to personal reasons. There were no significant changes 

to baseline characteristics between males and females (Table 8). The nutritional 

composition of the three study beverages are shown in Table 9. 

A data showing the effects of supplementation on blood cell counts, 

biochemical parameters and inflammation marker is shown in Table 10. No significant 

changes were observed on the above parameters post supplementation. All baseline 

analysis parameters between crossovers were not significantly different from each 

other (p > 0.05). Furthermore, dietary intake monitoring over the course of the three 

supplementation bouts did not show significant changes in total vitamins, caffeine or 

alcohol levels (Table 11). The above analysis was performed to confirm that the 

observed effect of QGPJ supplementation on various parameters tested were only due 

to the antioxidant polyphenols in the juice and not because of dietary pattern variation 

or interference from other compounds such as vitamins, alcohol or caffeine. 
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Table 9. Composition of the three study beverages by analysis 

 QGPJ PJ PBO 

Anthocyanin content (mg C3GE/100 mL) 101 ND 0.4 

Quercetin derivatives (mg QGE/100 mL) 43.7 ND 0.4 

Total phenolic content (mg GAE/100 mL) 322 157 7 

ORAC (µmol TE/100 mL) 4207 1814 ND 

5-Hydroxymethyl-2-furfural  ND present ND 

Vitamin C (mg/100 mL) <0.05 <0.05 <0.05 

Vitamin B1 (Thiamin) (µg/100 mL) 13.5 10.8 ND 

Vitamin B2 (Riboflavin) (µg/100 mL) 9 9 ND 

Vitamin B3 (Total) (µg/100 mL) 146 77.0 ND 

Vitamin B6 (Pyridoxine) (µg/100 mL) 34.7 40.0 ND 

Vitamin B12 (Cyanocobalamin) (µg/100 mL) <5 <5 ND 

Energy (kJ/100 g) 213 277 146 

Protein (g/100 mL) 1.1 0.8 0.8 

Fat (g/100 mL) 0.1 0.1 0.1 

Total sugar (g/100 mL) 8.7 11.8 7.3 

Fibre (g/100 mL) <0.1 <0.1 <0.1 

pH 3.28 3.80 2.70 

Values are represented as mean of duplicate analysis. QGPJ, Queen Garnet plum 
juice; PJ, prune juice; PBO, placebo drink (diluted raspberry cordial); C3GE, 
cyanidin-3-glucoside equivalents; GAE, gallic acid equivalents (Folin-Ciocalteu 
assay); ORAC, Oxygen Radical Absorbance Capacity; TE, Trolox equivalents; QGE, 
quercetin glucoside equivalents; ND, non-detectable.  
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Table 10. Descriptive values of blood cell counts and biochemical parameters in 20 participants at baseline (pre-treatment) and end of 4 

week intervention (post-treatment)  

Parameters Reference Range QGPJ PJ PBO  

Haemoglobin (g/L) 

Baseline 

4 week 

 120 – 180 g/L 

136.0 ± 7.0  

138.2 ± 9.6 

136.9 ± 8.9 

139.2 ± 9.3 

137.4 ± 10.5 

140.0 ± 8.8 

Haematocrit 

Baseline 

4 week 

0.37 – 0.54  

0.39 ± 0.02 

0.40 ± 0.02 

0.40 ± 0.02 

0.40 ± 0.02 

0.39 ± 0.02 

0.40 ± 0.02 

RBC (×1012/L) 

Baseline 

4 week 

3.8 – 6.5×1012/L 

4.8 ± 0.2 

4.9 ± 0.3 

4.8 ± 0.2 

4.9 ± 0.3 

4.8 ± 0.3 

4.9 ± 0.3 

WBC (×109/L) 

Baseline 

4 week 

4.0 – 11.0×109/L 

6.0 ± 1.3 

6.3 ± 1.6 

6.4 ± 1.5 

6.2 ± 1.5 

6.2 ± 1.7 

6.9 ± 1.7 

Platelets (×109/L) 

Baseline 

4 week 

150 – 400×109/L  

244 ± 63 

249 ± 58 

259 ± 69 

260 ± 60 

247 ± 60 

254 ± 55 

MPV (fL) 6.0 – 10.0 fL 8.1 ± 0.9 8.0 ± 0.9 8.1 ± 1.0 
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Baseline 

4 week 

8.0 ± 0.8 8.0 ± 0.8 7.8 ± 0.7 

TC (mmol/L) 

Baseline 

4 week 

3.10 – 6.50 mmol/L 

4.57 ± 0.74 

4.66 ± 0.62 

4.73 ± 0.82 

3.91 ± 1.88 

4.80 ± 0.91 

4.44 ± 1.28 

HDL (mmol/L) 

Baseline 

4 week 

> 1 mmol/L 

1.45 ± 0.40 

1.46 ± 0.37 

1.45 ± 0.30 

1.39 ± 0.33 

1.47 ± 0.36 

1.41 ± 0.30 

TG (mmol/L) 

Baseline 

4 week 

0.20 – 1.90 mmol/L 

0.95 ± 0.47 

0.99 ± 0.48 

1.08 ± 0.63 

1.13 ± 0.64 

0.93 ± 0.37 

1.08 ± 0.55 

LDL (mmol/L) 

Baseline 

4 week 

< 6 mmol/L 

2.67 ± 0.70 

2.74 ± 0.60 

2.50 ± 1.08 

2.00 ± 1.79 

2.32 ± 1.41 

2.54 ± 1.21 

Uric acid (µmol/L) 

Baseline 

4 week 

120 – 450 µmol/L 

274 ± 76  

278 ± 75 

269 ± 62 

265 ± 93 

266 ± 69 

283 ± 79 

Glucose (mmol/L) 

Baseline 

3 – 6 mmol/L 4.7 ± 0.3 

4.7 ± 0.3 

4.9 ± 0.3 

4.6 ± 0.5 

4.9 ± 0.4 

4.7 ± 0.5 
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4 week 

Bilirubin (µmol/L) 

Baseline 

4 week 

2 - 20 µmol/L 

7.9 ± 3.6 

8.6 ± 3.7 

7.6 ± 2.6 

6.9 ± 2.1 

7.2 ± 2.2 

8.4 ± 2.1 

CRP-HS (mg/L) 

Baseline 

4 week 

0 - 6 mg/L 

1.23 ± 1.31 

1.32 ± 1.31 

1.65 ± 2.81 

1.04 ± 1.07 

1.33 ± 1.28 

1.22 ± 1.46 

Values are represented as mean ± SD. RBC, red blood cell; WBC, white blood cell; MPV, mean platelet volume; TC, total cholesterol; 
HDL, high density lipoprotein; TG, triacylglycerol; CRP-HS, C-reactive protein high sensitivity. No significant differences in 
haematological and biochemical parameters were observed. 
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Table 11. Mean values of total vitamins, caffeine and alcohol calculated from dietary 

intake of 20 subjects over the course of three separate supplementation treatments 

Treatment Total Vitamins (mg) Total Caffeine (mg) Total Alcohol (g) 

QGPJ 131.8 ± 81.7 63.8 ± 70.2 1.70 ± 3.99 

PJ 119.1 ± 99.0 73.0 ± 119.8 2.22 ± 3.93 

PBO 141.0 ± 80.2 128.3 ± 164.2 2.61 ± 4.78 

Values are represented as Mean ± SD. QGPJ, Queen Garnet plum juice; PJ, prune 
juice; PBO, placebo drink. 
 

 

Due to the variation in dietary Vitamin intake of participants, the data has been 

presented as total vitamin intake, which includes, Vitamin E, C etc. This data was 

used as a screening tool to monitor the vitamin intake of participants as increased 

levels could potentially alter platelet function and other parameters tested. 

 

Intervention with anthocyanin rich QGPJ for 4 weeks inhibited platelet 

aggregation induced by ADP by 5% (p = 0.02) (Figure 13A), collagen by 2.7% (p < 

0.001) (Figure 13B) and arachidonic acid by 4% (p < 0.001) (Figure 13C). QGPJ 

effectively and simultaneously targeted different mechanistic pathways of platelet 

aggregation while PJ or PBO supplementation did not have an effect on platelet 

aggregation (Figure 13). 



 

120 
 

 

Figure 13. Effect of 4-week supplementation of QGPJ, PJ and PBO on platelet 
aggregation induced by agonists acting as platelet stimulants. Inhibition of platelet 
aggregation stimulated by ADP (A) (<5%, *p = 0.02), collagen (B) (<2.7 %, *p < 
0.001) and arachidonic acid (C) (<4%, *p < 0.001) post 4-week QGPJ 
supplementation. PJ or PBO intervention did not alter platelet aggregation stimulated 
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by the agonists. N = 20 in each study group and the data is presented as mean 
percentage platelet aggregation (MPA%). QGPJPRE, before Queen Garnet plum juice 
supplementation; QGPJPOST, after Queen Garnet plum juice supplementation PJPRE, 
before prune juice supplementation; PJPOST, after prune juice supplementation; 
PBOPRE, before placebo drink supplementation, PBOPOST, after placebo drink 
supplementation. 

 

QGPJ intervention significantly reduced P-selectin/CD62P activation 

dependent surface marker expression by 17.2% (p = 0.04) (Figure 14). PJ or PBO 

supplementation did not affect P-selectin expression (Figure 14). PAC-1 expression 

indicating activation-dependent conformational change of platelets was not altered 

post QGPJ or PJ or PBO supplementation.  

 

 

Figure 14. Activation-dependent platelet surface marker P-selectin/CD62P expression 
before and after QGPJ, PJ and PBO supplementation. Reduction in P-selectin 
expression on activated platelets was observed (<17.2%, *p = 0.04) post QGPJ 
supplementation. PJ or PBO supplementation did not alter P-selectin expression. Data 
are represented as mean ± SD (N = 20). QGPJPRE, before Queen Garnet plum juice 
supplementation; QGPJPOST, after Queen Garnet plum juice supplementation PJPRE, 
before prune juice supplementation; PJPOST, after prune juice supplementation; 
PBOPRE, before placebo drink supplementation, PBOPOST, after placebo drink 
supplementation; MFI, mean fluorescence intensity. 
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QGPJ supplementation prolonged aPTT clotting time by 2.1 sec (p = 0.03) 

(Figure 15A) and reduced plasma fibrinogen concentration by 7.5% (pre QGPJ 

supplementation – 407.1 mg/dL, post QGPJ supplementation – 371.4 mg/dL, p = 

0.02) (Figure 15B). QGPJ, PJ or PBO supplementation did not affect prothrombin 

clotting time. No changes to PT, aPTT or fibrinogen concentration were seen post PJ 

or PBO intervention. 
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Figure 15. Effect of QGPJ, PJ, and PBO supplementation (4-weeks) on activated 
partial thromboplastin clotting time and fibrinogen concentration. (A) Prolongation in 
clotting time (>2.1 sec, *p = 0.03) and (B) reduction in fibrinogen levels (<7.5%, *p = 
0.02) is seen post QGPJ supplementation. PJ and PBO supplementation did not affect 
haemostatic function. Data are represented as mean ± SD (N = 20). QGPJPRE, before 
Queen Garnet plum juice supplementation; QGPJPOST, after Queen Garnet plum juice 
supplementation PJPRE, before prune juice supplementation; PJPOST, after prune juice 
supplementation; PBOPRE, before placebo drink supplementation, PBOPOST, after 
placebo drink supplementation. 
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Following QGPJ supplementation there was a significant decrease of 38% (p = 

0.016) in plasma malondialdehyde (MDA) content, a marker for oxidative stress. 

However, following both PJ and PBO there was a non-significant decrease of 28% (p 

= 0.128) and 23% (p = 0.202), respectively (Figure 16). Following PJ 

supplementation there was a significant increase of 60% (p = 0.018) in plasma 

hippuric acid content and a non-statistically significant increase following QGPJ 

consumption (29%, p = 0.134) whereas PBO showed no effects (Figure 17A). There 

was also a non-statistically significant increase in urinary hippuric acid content 

following consumption of PJ (167%, p = 0.056) and QGPJ (61%, p = 0.152), whereas 

there was a non-statistically significant decrease after PBO (18%, p = 0.634) (Figure 

17B). 

 

Figure 16. Plasma malondialdehyde (MDA) levels pre and post supplementation. 
Significant decrease (*p = 0.016) in plasma MDA levels post QGPJ supplementation. 
PJ and PBO supplementation did not significantly change plasma MDA levels. Data 
are represented as mean ± SD (N = 20). QGPJPRE, before Queen Garnet plum juice 
supplementation; QGPJPOST, after Queen Garnet plum juice supplementation PJPRE, 
before prune juice supplementation; PJPOST, after prune juice supplementation; 
PBOPRE, before placebo drink supplementation, PBOPOST, after placebo drink 
supplementation. 
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Figure 17. Hippuric acid concentrations in plasma and urine pre and post 
supplementation. (A) Significant increase (*p = 0.018) in hippuric acid levels in 
plasma post prune juice supplementation. (B) Non-significant increases in urinary 
hippuric acid post QGPJ (p = 0.152) and PJ (p = 0.056) supplementation. Data are 
represented as mean ± SD (N = 20). QGPJPRE, before Queen Garnet plum juice 
supplementation; QGPJPOST, after Queen Garnet plum juice supplementation PJPRE, 
before prune juice supplementation; PJPOST, after prune juice supplementation; 
PBOPRE, before placebo drink supplementation, PBOPOST, after placebo drink 
supplementation. 
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In addition to hippuric acid, cyanidin monoglucuronide could be tentatively 

identified in some of the QGPPOST plasma and urine samples. However, since the 

concentration of this anthocyanin metabolite was below the limit of quantification, a 

further evaluation was therefore not considered. 

 

5.4 Discussion 

The aim of this randomized, double-blind placebo controlled, cross-over, human 

dietary intervention study was to evaluate the effect of an anthocyanin and antioxidant 

rich plum juice produced from the novel blood plum variety, Queen Garnet, and a 

commercial prune juice on biomarkers of thrombotic risk. We measured platelet 

activity and haemostatic function using platelet function tests such as platelet 

aggregation, activation-dependant platelet surface-marker expression and coagulation 

assays. A complete lipid profile, full blood cell count, inflammation marker and 

biomarkers of oxidative stress and polyphenol intake were also evaluated. The study 

demonstrated that supplementation with 200 mL of anthocyanin and antioxidant rich 

QGPJ for 4 weeks 1) inhibited platelet aggregation induced by ADP, collagen and 

arachidonic acid platelet agonists (Figure 13), 2) reduced P-selectin activation-

dependent platelet surface marker expression (Figure 14), 3) prolonged activated 

partial thromboplastin clotting time (Figure 15A), 4) reduced fibrinogen concentration 

(Figure 15B) 5) decreased plasma malondialdehyde levels, a biomarker of oxidative 

stress (Figure 16). Prune juice consumption increased plasma hippuric acid levels 

(Figure 17). Supplementation with placebo drink did not alter any of the parameters 

tested. 
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These findings suggest that QGPJ high in polyphenols especially anthocyanins 

have the potential to alleviate platelet activation and favourably alter haemostatic 

function. Queen Garnet plum was chosen for the study due to the presence of high 

antioxidant levels in the fruit, evident from increased levels of total phenolic content 

and ORAC score (Table 9). Our group has demonstrated several health food trials in 

the past examining the potential of antioxidants and other polyphenols in reducing 

biomarkers of thrombosis and risk of vascular diseases (49, 50, 101, 170, 302-304). 

Unlike medicinal clinical trials, health food trials are designed to show an ability to 

maintain good health for as long as possible and to enhance disease resistance. This 

requires well-designed human dietary intervention studies with plausible and provable 

mechanisms of action and the use of appropriate biomarkers as endpoints.  

In this study we have stimulated platelets by adding exogenous agonists such 

as ADP (activates P2Y1/P2Y12 platelet receptor), collagen (activates GPVI/ α2β1 

receptor) and arachidonic acid (activates TxA2) to mimic platelet 

aggregation/activation during vessel wall damage in vivo (Figure 13). This helped us 

to evaluate the potential mechanism of action of anthocyanin rich QGPJ in 

ameliorating platelet activation related thrombogenesis. It was observed that QGPJ 

supplementation for 4 weeks effectively and simultaneously targeted the ADP-

P2Y1/P2Y12, TxA2 and collagen receptors (GPVI/ α2β1) thereby reducing platelet 

aggregation. This observed inhibition of platelet aggregation in comparison to 

baseline aggregation is potentially a clinically significant reduction in vivo. A recent 

in vitro trial evaluating the effect of anthocyanin-rich chokeberry extract 10 µg/mL 

concentration on platelet aggregation demonstrated a similar effect by inhibiting ADP 

induced aggregation (305). Significant inhibition of platelet aggregation, 18.4% and 
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25.6%, was observed post 0.5 g/kg/d and 1 g/kg/d of green tea extract intervention in 

mice (306). Shi and colleagues demonstrated the potential of grape seed extracts rich 

in resveratrol and quercetin in reducing collagen and thrombin stimulated platelet 

aggregation (307). The observed effects of anthocyanin-rich QGP on platelet 

aggregation are in agreement to the effect of other polyphenol rich foods such as 

cinnamtannin B-1 (203), mango ginger rhizome (308), pomegranate juice (207), kiwi 

fruit (210) and olive oil extracts (214) on stimulated platelet aggregation.  

A variety of anti-platelet therapeutics such as aspirin, clopidogrel and 

abciximab reduce platelet hyper-activity by specifically targeting platelet activation-

dependent receptors such as TxA2 via the cyclooxygenase-1 pathway, P2Y1/P2Y12-

ADP receptor and GPIIb-IIIa-fibrinogen receptor respectively (288, 309, 310). In 

spite of their efficiency in reducing platelet activation related thrombosis, there have 

been numerous reports of sensitivity and resistance in certain population such as 

obese and diabetic (287, 309, 311). In addition to its resistance, patients with stable 

CVD receiving aspirin therapy have been shown to experience incomplete inhibition 

of platelet aggregation and significant bleeding risk (312). To help overcome this 

problem, we believe natural compounds such as anthocyanins in QGP which can 

simultaneously target different pathways of platelet activation could be instrumental 

as complementary anti-platelet therapeutics (276). 

Platelets activated via the P2Y1/P2Y12-ADP pathway of activation were 

evaluated using P-selectin/CD62P mAb expression. It was observed that activation-

dependent platelet surface marker P-selectin expression was reduced by 17.2% after 

QGPJ supplementation. The reduction in platelet P-selectin expression signifies the 

ability of the 4-week supplementation bout with QGPJ to reduce platelet 
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degranulation and inhibit platelet α-granule release consequently assisting in reducing 

thrombotic risk. In a recent study, in subjects with metabolic syndrome, bioactive-rich 

extracts of kale and pomegranate reduced P-selectin and GPIIb-IIIa expression in 

vitro (313). In the present study it was observed that QGPJ or PJ did not alter PAC-1 

expression consequently having no effect on initial phase of activation involving the 

GPIIb-IIIa receptor. Rein and colleagues also observed a similar effect on PAC-1 

expression induced by epinephrine post dietary intervention with de-alcoholised red 

wine (314). Ostertag et al. also demonstrated the effect of a variety of phenolic 

compounds in inhibiting activation dependent platelet degranulation (P-selectin 

expression) induced by thrombin, but at non-physiological concentrations (176). We 

believe that the observed reduction in P-selectin expression by anthocyanin-rich QGP 

could be due to the desensitization of activation-dependent platelet surface receptors 

(315), interfering with signal transduction or by preventing post activation α-granule 

release.  

The prolongation in the activated partial thromboplastin clotting time observed 

after QGPJ supplementation suggests that anthocyanins or other potential active 

metabolites has a favourable effect on the intrinsic or contact activation pathway of 

coagulation. We hypothesize that the anthocyanins or other phenolic compounds in 

the juice trigger the inhibition of activation factor XII or the proteins which facilitate 

the activation of this pathway – high molecular weight kininogen or prekallikrein. It 

should be noted that this prolongation in clotting time by 2.1 sec is under normal 

clinical reference ranges and poses no bleeding risk but could be instrumental in 

decreasing the risk of thrombosis. The observed QGPJ supplementation effect on 

reducing fibrinogen concentration in plasma indicates alleviation in pro-thrombotic 
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progression, in contrast to high levels seen in conditions such as CVD. Although the 

exact mechanism of the observed reduction in levels of fibrinogen is unknown we 

believe that anthocyanins in QGP could inhibit the amydolytic activity of thrombin 

(305) or coagulation factor X (316) consequently blunting fibrin synthesis.  

When we compared the anti-platelet activity of anthocyanin-rich QGPJ and 

commercial PJ, it was seen that PJ did not reduce platelet aggregation, activation or 

displayed a favourable activity on the coagulation profile. The particular commercial 

prune juice product that was used in this study was reconstituted prune juice 

concentrate, and the processing (particularly heating) involved to make this product 

may well have resulted in breakdown and loss of various polyphenolic compounds, 

which are found in fresh prunes, dried prunes and less processed prune juice (317-

319). Furthermore the formation of 5-hydroxymethyl-2-furfural may have been a 

significant contributor to the antioxidant activity as measured by the total phenolic 

content and ORAC assays (317, 320).  

The significantly decreased plasma MDA levels after QGPJ intervention 

(QGPPOST versus QGPPRE) is most likely due to its antioxidant phenolic compounds, 

mainly anthocyanins and quercetin derivatives and their in vivo metabolites. This 

result is in line with several other human studies that have reported a significantly 

decrease in plasma MDA after the consumption of anthocyanin-rich strawberries (-

31% after 30 days) (275), a cocoa beverage rich in soluble phenolic compounds (-

15% after eight weeks) (321), apple and grape juice (-24% after two weeks) (322) as 

well as a flavonoid containing black currant/apple fruit juice blend (-12% after one 

week of 1500 mL juice intervention) (323) indicating a decreased lipid peroxidation 

within the plasma compartment. The PJ was less effective in terms of preventing lipid 
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peroxidation in vivo. A lower total phenolic content (~50% of that of QGPJ and no 

measurable ORAC) as well as a different composition of phenolic compounds (e.g. 

lack of anthocyanins, flavanols monomers, dimers, trimers and oligomers) and very 

low to non-detectable amounts of quercetin derivatives are most likely the reason. The 

decreased (trend, p > 0.05) plasma MDA levels in the PBOPOST samples cannot be 

explained by phenolic compounds since the PBO contained less than 15 mg total 

phenolics per 200 mL supplementation dose. At this stage, we do not have a logical 

explanation for this result based on the available data and study protocols (including 

the dietary questionnaires) since no significant changes during the different 

supplementation regimes could be observed. However, we cannot exclude any 

unreported changes in life style and dietary habits or placebo effects. Factors such as 

age, gender and eating habits possibly are known to affect plasma MDA levels (323). 

Since both males and females of different age groups participated in the trial, this 

could be one of the reasons for the high standard deviation observed in plasma MDA 

levels.  

The increased hippuric acid levels in plasma and urine after supplementation 

with QGPJ and PJ (PRE versus POST) are in accordance with results reported by 

others: the consumption of green and black tea (5, 278), cider (301), dried cranberry 

juice (324), and lingonberries (325) resulted in increased concentrations of hippuric 

acid, mainly in urine. Hippuric acid (N-benzoylglycine) is considered as a “key” 

metabolite that results from microbial degradation of ingested dietary polyphenols in 

the colon followed by hepatic conjugation with glycine (301). The higher PJPOST 

levels (compared to QGPPOST) are most likely a direct consequence of the 

concentrations of typical hippuric acid precursors such as phenolic acids and other 
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simple aromatic acids which are commonly present in higher concentrations in prunes 

and prune juice than in plum juice (326). Prior and colleagues investigated in healthy 

human subjects the metabolic fate of 5-hydroxymethyl-2-furfural following the 

consumption of dried plums and dried plum juice and could identify several urinary 

glycine conjugates such as N-(5-hydroxymethyl-2-furoyl) glycine. However, hippuric 

acid was not mentioned as a potential in vivo metabolite of 5-hydroxymethyl-2-

furfural (320). Therefore, the results support the use of hippuric acid as a potential 

biomarker of total polyphenol intake. However, it should be noted that hippuric acid is 

not a characteristic metabolite of an individual polyphenol and may also derive from 

non-phenolic compounds such as aromatic amino acids (327). Further and more 

detailed human studies are warranted to fully validate the “biomarker concept” for 

hippuric acid before it can be used as a routine biomarker to assess the intake of 

dietary phenolics/polyphenols in humans. Furthermore, the concentrations of hippuric 

acid seen in plasma in this study (50 µM approximately) is lower than the 

concentrations (1 mM and 2 mM) that demonstrated inhibition of platelet activity in a 

previous in vitro trial, in whole blood (Chapter 4). This also confirms that the anti-

platelet activity exhibited by QGPJ juice supplementation (200 mL/day for 4 weeks) 

is primarily due to anthocyanin polyphenols in the juice. The increased standard 

deviation observed in the concentrations of hippuric acid in urine and plasma can be 

explained by its catabolic synthesis and nativity. In addition to the thus reported 

increased levels of hippuric acid due to the consumption of anthocyanin-rich QGPJ, 

variations in hippuric acid concentrations in urine and plasma can also occur also due 

environmental exposure and basic human liver metabolism of protein catabolism 

(283). 
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Despite the favourable effects of anthocyanin-rich QGP on platelet activation, 

aggregation and coagulation profile, there might be a few limitations to the study. 

Although the dietary intake of the participants were closely monitored and recorded, 

there is always a concern of subject compliance. The observed anti-thrombotic 

activity, which we hypothesized could be due to the anthocyanin content solely from 

the juice, might also be due to the additional polyphenols and other antioxidants 

consumed from the daily diet as well as their in vivo metabolites. Although it is 

assumed that high anthocyanin content has been responsible for the reported anti-

thrombotic benefit, a mixture of other phenolics or bioactive compounds for example 

quercetin derivatives and hippuric acid may be accountable. In addition, this study 

demonstrates anti-thrombotic activity exhibited by the acute ingestion of 200 mL of 

QGPJ for 4 weeks. Therefore it is unclear whether the same favourable anti-

thrombotic effect would be observed under prolonged administration or larger 

volumes.  

 

5.5 Conclusion 

We have demonstrated the anti-thrombotic and antioxidant properties of 

anthocyanin-rich QGPJ by simultaneously targeting different platelet aggregation 

pathways, inhibiting activation dependent platelet surface receptor, ameliorating pro-

coagulability and biomarkers of oxidative stress. We also believe that due to the 

observed anti-platelet properties of anthocyanin-rich QGP, it could potentially act as 

complementary anti-platelet therapeutic in alleviating pro-thrombotic conditions and 

may help reduce the dosage administered in a resistant and sensitive population.  
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Since this study was conducted with normal healthy population without 

elevated physiological oxidative stress, the next step is to evaluate the antioxidant 

effect of QGPJ polyphenols under induced oxidative stress conditions to mimic pro-

thrombotic obese and diabetic population.  
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6. Polyphenols and Thrombosis under Oxidative stress 
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Abstract 

Increased oxidant production in humans may induce a number of thrombotic 

consequences, including platelet hyperactivity or aggregability. We sought to 

determine the antithrombotic properties of anthocyanin-rich Queen-Garnet plum juice 

(QGPJ) supplementation with and without exercise-induced oxidative-stress. Thirteen 

apparently healthy individuals were investigated in a randomized, double-blind, 

placebo-controlled, cross-over trial. Participants consumed 200 mL/day of QGPJ and 

placebo juice for 28 days, with treatments separated by a two-week wash-out period. 

Blood samples were collected at baseline and after 1 h of exercise at 70% peak-O2 

uptake (has been established to induce oxidative stress) both before and after oral 

supplementation and evaluated for platelet function and haemostatic activity. 

Anthocyanin rich QGPJ supplementation inhibited platelet aggregation induced by 

adenosine diphosphate both with and without exercise-induced oxidative stress by 

10.7% and 12.7% respectively; and arachidonic acid induced aggregation under 

oxidative stress by 28.8%. QGPJ supplementation reduced platelet-activation-

dependant P-selectin expression by 32.9% without oxidative-stress and 38.7% under 

oxidative stress; and exhibited favourable effects on coagulation parameters both with 

and without oxidative-stress. The anti-thrombotic activity exhibited by possibly 

anthocyanins in QGPJ suggests a potential for cardiovascular disease risk-reduction 

and may be considered in anti-platelet therapy. 
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6.1 Introduction 

Platelet hyperactivity and hyper-agreggability have been associated with a number of 

thrombotic diseases, cardiovascular and metabolic conditions (78, 276). Oxidative 

stress is a hallmark of many of these disease states, where reactive oxygen and 

nitrogen species can cause endothelial injury and trigger the progression of 

atherosclerosis (328). Injury to the vascular endothelium creates the opportunity for 

platelets to adhere to damaged vessel walls, where they are subsequently exposed to a 

multitude of agonists such as collagen, ADP, epinephrine and thrombin. The 

concurrent stimulation of platelets by its agonists results in granule release, platelet 

conformational change and activation of receptors on the platelet surface, thereby 

attracting fibrinogen to form a platelet plug (286).  

Platelet antagonists, such as aspirin, clopidogrel and abciximab inhibit platelet 

aggregation or activation by targeting platelet activation receptors as previously 

described in Chapter 5. In spite of the anti-thrombotic properties exhibited by such 

drugs, there is limited benefit in the primary prevention of CVD in oxidative stress 

related conditions such as diabetes potential reasons being hyper-insulinaemia, hyper-

glycaemia and increased free radicals (329). Several instances of resistance and 

sensitivity to current anti-platelet therapeutics have also been reported (225, 287, 

293). Furthermore, a single antiplatelet antagonist/therapeutic drug cannot 

simultaneously target different platelet activation pathways to efficiently inhibit 

platelet hyperactivity/hyper-aggregability, and are therefore generally used in 

combination (222).  

Various natural dietary derived polyphenols have been known to mimic the 
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action of current anti-platelet drugs by inhibiting platelet aggregation and platelet 

activation pathways. A recent study by Suarez et al. demonstrated anti-thrombotic 

properties of anthocyanin-rich strawberry supplementation in healthy subjects (275). 

Many other dietary intervention studies have demonstrated a similar effect of 

anthocyanins in alleviating platelet hyper-activation (285, 330). Recent reviews have 

also focussed on the cardio-protective ability of these natural plant polyphenols by 

reducing the risk of thrombosis and platelet hyper-activity (276, 331, 332). Although 

dietary intervention trials have demonstrated the potential of polyphenols in 

ameliorating platelet activation, they fail to evaluate the action of phenolics by 

targeting simultaneous platelet-activation mechanistic pathways. Also specific platelet 

function testing including platelet aggregation induced by a variety of platelet 

stimulants and evaluating prothrombotic clotting parameters under physiologically 

induced oxidative stress conditions have been overlooked. 

The aim of this study was to investigate the effect of polyphenols in Queen-

Garnet plum juice (QGPJ), on platelet and haemostatic activity in a healthy population 

with and without induced oxidative stress. We intend to mimic physiological oxidative 

stress as seen in conditions such as diabetes by means of constant-load exercise tests 

at an intensity equivalent to 70% of peak O2 uptake (V̇O2PEAK). We hypothesize that 

anthocyanin-rich QGP may impart anti-thrombotic effects via (a) inhibition of platelet 

aggregation by simultaneously targeting different platelet activation pathways (ADP-

P2Y12/P2Y1, collagen-GPVI/α2β1 and arachidonic acid-COX-1) (b) reducing platelet 

hyper-activation and de-granulation by blocking surface receptors responsible for 

activation and (c) favourably altering coagulation parameters and lipid profile.  
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6.2 Materials and methods 

6.2.1 Study participants and experimental design 

Thirteen healthy adults (7 men and 6 women) were recruited from the local 

community and provided written, informed consent. Participant recruitment criteria is 

described in detail in Section 2.2 of Materials and Methods Chapter 2. Dietary 

antioxidant questionnaires and food diaries were administered and used to exclude 

individuals consuming a high antioxidant diet. Baseline full blood examination (FBE), 

biochemical profile, BMI and blood pressure were within normal reference ranges 

established by the Royal College of Pathologists of Australasia (226) for all 

participants (Table 12). Biochemical profile and FBE was performed according to the 

protocol described in Materials and Methods Chapter 2, Section 2.7 and 2.11 using the 

Cobas Integra 400® plus biochemistry analyser (Roche diagnostics, Switzerland) and 

Coulter® Ac.T™ 5diff CP haematology analyser (Beckman Coulter, Inc, NSW, 

Australia), respectively. 
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Table 12. Baseline characteristics of study participants 

Parameters Mean ± SD 

Age (y) 30 ± 3 

Body mass (kg) 69.3 ± 3.5 

Height (m) 1.7 ± 2.3 

BMI (kg/m2) 23.6 ± 0.7 

Haemoglobin (g/L) 138.5 ± 9.8 

Haematocrit 0.40 ± 0.02 

RBC (×1012/L) 4.8 ± 0.4 

WBC (×109/L) 5.9 ± 0.9 

Platelet (×109/L) 213 ± 48 

MPV (fL) 9.18 ± 1.08 

Total cholesterol (mmol/L) 4.11 ± 0.20 

HDL (mmol/L) 1.30 ± 0.10 

Triglycerides (mmol/L) 0.81 ± 0.21 

LDL (mmol/L) 2.88 ± 0.16 

Glucose (mmol/L) 4.76 ± 0.10 

RBC, red blood cell; WBC, white blood cell; MPV, mean platelet volume 
 

 

A randomized, double-blind, placebo-controlled, cross-over was utilised. After 

initial screening, participants were randomly assigned into two different supplement 

groups – anthocyanin rich Queen-Garnet plum juice (QGPJ) or colour-matched 

placebo juice (PBO). A statistician, who worked independently to the study 

investigators, randomly assigned each participant using computer-generated codes. 

Identical, opaque, 1 L juice supplementation bottles were labelled with individual 

participant codes and juice codes (A and B) to prevent participants and researchers 

from identifying the product they were consuming. The labelling of the juice bottles 
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was carried out by a research assistant independent to the investigators of this study, 

so as to maintain the blinding of the study investigators.  

During the study period, participants consumed 200 mL/day of either QGPJ or 

PBO for 28 days. At day 1, baseline pre-exercise fasting blood samples were collected 

to evaluate: 1) platelet aggregation, 2) platelet activity, 3) haemostatic function, 4) 

blood cell counts, and 5) biochemical profile. The participants then performed a 

constant load exercise bout for one hour at 70% of their V̇O2PEAK to induce oxidative 

stress (refer section 6.2.3). Blood samples were then collected within 10-15 min after 

the exercise bout on the same day. Following 4 weeks of supplementation with either 

QGPJ or PBO, the blood collection and assays were repeated at Day 29, before and 

after exercise. After a 2-week wash-out put period, the supplementation cross-over 

was performed, and exercise intervention and sample collection procedures repeated: 

i.e., on Day 44 (baseline-pre and post exercise) and Day 72 (after supplementation - 

pre and post exercise). Figure 18 outlines the study protocol. 
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Figure 18. Study design. QGPJ, Queen-Garnet plum juice; PBO, sugar and colour matched placebo; PT, prothrombin time; aPTT, 
activated partial thromboplastin time; FBC, full blood count; CVD, cardiovascular disease; MI, myocardial infarction; AOX, antioxidant.
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6.2.2 Blood Sampling 

Blood samples were obtained from participants using the protocol followed in the 

Materials and Methods Chapter 2, Section 2.4 and 2.5.  

6.2.3 Induced oxidative stress – Exercise tests 

Participants were required to refrain from caffeinated beverages, alcohol and 

strenuous exercise for 24 h before each exercise test to avoid interference of caffeine 

or alcohol with the exercise output. All exercise tests were performed at the same time 

in the morning in an environmentally stable laboratory (ambient temperature: ∼21°C, 

relative humidity: 45 - 55%). Prior to commencing the constant-load exercise tests 

designed to induce oxidative stress, all participants completed an incremental exercise 

test to determine peak exercise values on a separate day, followed by a familiarisation 

trial to determine the power outputs used for the subsequent constant-load exercise 

tests.  

6.2.4 Incremental exercise test 

The incremental exercise test was performed on an electronically-braked cycle 

ergometer (Corival, Lode B.V., Groningen, The Netherlands), and commenced with 3 

min of unloaded cycling at a self-selected pedal cadence between 70-90 rev·min-1. 

Thereafter, the power output was increased by 15-25 W·min-1, with the pre-selected 

increment rate dependent on each participant’s habitual exercise history and gender. 

Participants were instructed to maintain their preferred cadence for the duration of the 

test. The incremental exercise test was terminated when participants were unable to 

consistently maintain a pedal cadence within 5 rev·min-1 of their preferred cadence 
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despite strong verbal encouragement. During the test, pulmonary gas exchange was 

measured breath-by-breath using a calibrated metabolic cart (Ultima CardiO2, MGC 

Diagnostics, St Paul, MN). Cardiac rhythm was monitored continuously, and heart 

rate recorded beat-by-beat, with a 12-lead ECG system (X-Scribe, Mortara Instrument 

Inc., Milwaukee, WI). Gas exchange and heart rate values were averaged over 30 sec 

intervals and peak exercise values recorded as the highest interval observed during the 

final stages of the incremental exercise test. 

6.2.5 Familiarisation trial 

The constant-load exercise tests were performed at an intensity equivalent to 70% of 

V̇O2PEAK . Before commencing the first constant-load exercise test, participants 

returned to the laboratory no earlier than 48 h after the incremental test to perform a 

familiarisation trial where the constant-load work-rate was determined. During the 

trial, pulmonary gas exchange and heart rate were measured as described for the 

incremental exercise test and averaged, in real time, over 60 sec intervals. The 

familiarisation trial commenced with 6 min of exercise at a power output calculated to 

elicit ∼70% of V̇O2PEAK, based on published metabolic equations (333). The power 

output was then adjusted at 6 min intervals until the O2 uptake in the final minute of a 

6 min exercise interval was within 3% of the desired value. The final power output 

during this trail was used for all the subsequent constant-load exercise tests. 

6.2.6 Constant-load exercise tests 

The constant-load exercise tests comprised 60 min of exercise performed at an 

intensity equivalent to 70% of V̇O2PEAK (i.e. at the power output determined during 



 

145 
 

the familiarisation trial). Each test was preceded by 3 min of unloaded cycling and 

concluded with an active cool down for 6 min. All the constant-load exercise tests 

were performed on the same cycle ergometer used during the incremental exercise test 

and familiarisation trial. Cardiac rhythm was monitored via 5-lead ECG (X-Scribe, 

Mortara Instrument Inc., Milwaukee, WI) and heart rate recorded every 10 min during 

the test. Participants were permitted to consume water ad libitum during exercise. 

Furthermore, evidence from literature strongly suggests that this process of exercise 

induced oxidative stress comprising of a 60 min constant load cycling bout at 70% of 

V̇O2PEAK by normal healthy participants elevates biomarkers of oxidative stress (334-

337). 

6.2.7 Study Beverages 

Refer to Section 5.2.2 in Chapter 5 for more details. 

6.2.8 Platelet aggregation assay 

Refer to Section 2.8 in Materials and Methods Chapter 2.  

6.2.9 Activation-dependant platelet surface-marker expression  

Refer to Section 2.9 in Materials and Methods Chapter 2.  

6.2.10 Coagulation assay 

Refer to Section 2.10 in Materials and Methods Chapter 2.  

6.2.11 Dietary intake monitoring 

Refer to Section 2.3 in Materials and Methods Chapter 2 for detailed description.  
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6.2.12 Statistical analysis 

A minimum sample size of 12 volunteers in each group was required for 80% power 

to detect a 5% variation in the laboratory parameters measured, where a 3-5% 

standard deviation exists in the population, assuming an alpha error of 0.05. Power 

calculations were performed based on baseline mean platelet count, mean platelet 

volume and ADP stimulated aggregation. Repeated-measures analysis of variance 

(ANOVA) with Newman-Keuls post-test was performed using GraphPad Prism 

version 6.0 for Windows (GraphPad Software, La Jolla, California, USA). Statistical 

significance was established when p < 0.05. Any significant statistical interactions 

were included in the analysis where applicable. All data are reported as mean ± SD. 

 

6.3 Results 

6.3.1 Exercise induced oxidative stress 

The mean V̇O2PEAK attained during the incremental exercise test was 2.22 ± 0.17 

L⋅min-1 or 31.9 mL⋅kg-1⋅min-1 (97 ± 5 % age-predicted), and peak power output 

achieved was 207 ± 14 W. The mean power output used during the constant-load 

exercise tests was 102 ± 9 W and elicited a mean V̇O2 of 1.56 L⋅min-1 (69.9 ± 0.5 % 

V̇O2PEAK ). All participants were able to complete 60 min of exercise during the 

constant-load exercise tests. The average heart rates attained during constant-load 

exercise were not significantly different between test conditions (Table 13). 
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Table 13. Average heart rate values attained during the constant-load exercise trials. 

 Heart Rate 

(beats·min-1) 

Heart Rate 

(%HRMAX) 

PBOPRE 144 ± 4 81.2 ± 1.7 

PBOPOST 143 ± 3 80.6 ± 1.2 

QGPJPRE 142 ± 3 80.3 ± 1.3 

QGPJPOST 143 ± 4 80.7 ± 1.5 

Values are mean ± SD. PBOPRE, before placebo supplementation; PBOPOST, after 4 
week placebo supplementation; QGPPRE, before Queen-Garnet plum juice 
supplementation; QGPJPOST, after 4-week Queen-Garnet plum juice supplementation. 
 

6.3.2 Ex-vivo analysis 

Baseline pre exercise blood cell counts, biochemical profile and inflammation marker 

(CRP) remained within normal reference ranges for all volunteers post 

supplementation with QGPJ and PBO. Significant changes to haematological 

parameters were observed post exercise (Table 15). No significant changes were 

observed in the dietary intake pattern of participants throughout the supplementation 

period confirming the observed effects on various parameters tested were solely due 

to antioxidant rich juice supplementation (Table 14).  

Due to the variation in dietary Vitamin intake of participants, the data has been 

presented as total vitamin intake, which includes, Vitamin E, C etc. This data was 

used as a screening tool to monitor the vitamin intake of participants as increased 

levels could potentially alter platelet function and other parameters tested.   
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Table 14. Mean total vitamins, caffeine and alcohol levels during QGPJ and PBO 

supplementation period 

Treatment Total Vitamins (mg) Total Caffeine (mg) Total Alcohol (g) 

QGPJ 158.9 ± 77.7 47.7 ± 63.4 0.88 ± 1.90 

PBO 142.9 ± 95.1 34.7 ± 48.4 1.68 ± 4.10 

Data is represented as Mean ± SD. QGPJ, Queen Garnet plum juice; PBO, placebo 
drink. 

 

Figure 19 illustrates the change in percentage platelet aggregation after 

supplementation with QGPJ or PBO both with and without oxidative stress. ADP 

induced platelet aggregation was reduced at baseline (i.e., without exercise-induced 

oxidative stress) by 10.7% (p = 0.002), and with exercise-induced oxidative stress by 

12.7% (p < 0.001) (Figure 19A). Arachidonic acid-induced aggregation was inhibited 

only with oxidative stress by 28.8% (p = 0.030) (Figure 19B). Collagen induced 

platelet aggregation was not inhibited by QGPJ supplementation (data not shown). 

Placebo juice supplementation did not affect platelet aggregation induced by any of 

the platelet agonists with or without oxidative stress (Figure 19 A, B). 
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Figure 19. Platelet aggregation at rest and post-exercise, before (QGPPRE) and after 4-weeks of Queen-Garnet plum juice supplementation 
(QGPPOST). (A) Shows platelet aggregation induced by ADP platelet agonist. A significant inhibition in aggregation is seen after QGPJ 
supplementation both before (<9.06 ± 8.3%; p = 0.0021) and after (<10.88 ± 7.7%; p = 0.0003) induced oxidative stress. PBO 
supplementation did not alter ADP stimulated platelet aggregation (B) shows platelet aggregation induced by arachidonic acid platelet 
agonist. Platelet aggregation is inhibited under oxidative stress conditions by 26.42 ± 34.7% (p = 0.0302) post QGPJ supplementation. 
Arachidonic acid induced platelet aggregation was not affected by PBO supplementation. N = 13 in each study group and the data is 
presented as mean platelet aggregation percentage (MPA%).* signifies statistical significance (p < 0.05) and ** denotes a greater mean 
difference between samples analysed at rest and post exercise. 
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Table 15. Changes to haematological parameters before and after exercise induced oxidative stress 

Parameters 

QGPJ supplementation PBO supplementation 

Pre ex, Pre 

supp. 

Post ex, Pre 

supp. 

Pre ex, post 

supp. 

Post ex, post 

supp. 

Pre ex, Pre 

supp. 

Post ex, Pre 

supp. 

Pre ex, post 

supp. 

Post ex, post 

supp. 

Haemoglobin (g/L) 138±10.0 142.7±10.9* 138.2±9.4 144.8±8.8* 140.2±10.8 144.2±11.2* 136.5±10.6 142.4±10.0* 

Haematocrit 0.404±0.02 0.418±0.03* 0.399±0.02 0.423±0.02* 0.408±0.02 0.422±0.03* 0.394±0.03 0.413±0.02* 

RBC (×1012/L) 4.8±0.4 5.0±0.4* 4.8±0.4 5.1±0.4* 4.9±0.4 5.0±0.5* 4.7±0.4 4.9±0.3* 

WBC (×109/L) 5.7±0.7 7.1±1.3* 5.9±1.0 7.3±1.4* 6.2±1.2 7.6±2.7 6.0±1.2 7.7±2.3 

Platelet (×109/L) 213±48 228±49 213±46 238±56 217±13 234±49 213±51 223±57 

MPV (fL) 9.18±1.08 9.23±0.95 9.03±0.95 9.12±1.09 9.06±0.99 9.05±0.91 9.00±0.89 9.2±0.96 

Values are represented as mean ± SD. Abbreviations: RBC, red blood cell; WBC, white blood cell; MPV, mean platelet volume; Pre ex, 
before exercise; Pre sup, before supplementation; Post ex, after exercise; Post sup, after supplementation. *signifies statistically significant 
difference (P< 0.05) between pre and post exercise samples.  
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Expression of activation-dependant platelet surface marker, P-selectin, which 

is secreted in α-granules of activated, de-granulated platelets, was inhibited by 32.9% 

(p = 0.002) after QGPJ supplementation (Figure 20). Furthermore, this inhibition of 

expression was greater (38.7%, p < 0.001) following exercise-induced oxidative stress 

post-supplementation (Figure 20). PAC-1 surface marker, which binds to activated 

platelets with a conformational change, was not affected after QGPJ supplementation 

with or without oxidative stress. P-selectin or PAC-1 expression was unaltered after 

PBO supplementation.  

 

 

Figure 20. Platelet surface marker expression at rest and post exercise, before 
(QGPPRE) and after 4weeks of Queen-Garnet plum juice supplementation (QGPPOST). 
Reduced expression of the platelet surface marker P-selectin/CD-62P which binds 
specifically to activated de-granulated platelets is seen both before (<227 ± 217 MFI; 
p = 0.0027) and after induced oxidative stress (<288.8 ± 216 MFI; p = 0.0004). No 
change in P-selectin expression is observed after PBO supplementation with or 
without exercise-induced oxidative stress. N = 13 in each study group and the data is 
represented as mean fluorescence intensity (MFI). * signifies statistical significance (p 
< 0.05) and ** denotes a greater mean difference between samples analysed at rest 
and post exercise. 
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Prothrombin clotting time, which reflects the extrinsic coagulation pathway, 

was prolonged by 1.315 sec without oxidative stress (p = 0.021) and by 1.465 sec 

during oxidative stress (p = 0.008) conditions after QGPJ supplementation (Figure 

21A). aPTT, denoting the intrinsic pathway of coagulation, did not change post QGPJ 

pathways of coagulation. 

Fibrinogen concentration decreased by 92.18 mg/dL (QGPPRE = 427.0 mg/dL 

and QGPPOST = 334.8 mg/dL) and 78.29 mg/dL (QGPPRE = 380.3 mg/dL and QGPPOST 

= 302.0 mg/dL) post QGPJ supplementation at rest (p = 0.023) and after exercise-

induced oxidative stress (p = 0.005), respectively, but was unaltered after PBO 

supplementation (Figure 21B).  



 

153 
 

 

Figure 21. Effect of QGPJ supplementation on coagulation parameters. (A) Prolongation of prothrombin clotting time post 28 day 
supplementation with QGPJ both before (>1.315 sec; p = 0.0216) and after (>1.465 sec; p = 0.008) induced oxidative stress. (B) 
Reduction in fibrinogen concentration in plasma detected after QGPJ consumption, both before (<92.18 mg/dL; p = 0.0233) and after 
(<78.29 mg/dL; p = 0.0055) exercise induced oxidant stress. * signifies statistical significance (p < 0.05). PBOPRE, before placebo 
supplementation; PBOPOST, after 4 week placebo supplementation; QGPPRE, before Queen-Garnet plum juice supplementation; QGPJPOST, 
after 4 week Queen-Garnet plum juice supplementation. 
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6.4 Discussion 

The results from the platelet aggregation assay suggest that anthocyanin rich QGPJ 

supplementation for 28 days 1) reduced ADP induced platelet aggregation with and 

without exercise-induced oxidative stress, and 2) decreased arachidonic acid induced 

platelet aggregation under induced oxidative stress conditions hence targeting both 

P2Y1/P2Y12 – ADP and the COX-1 - TxA2 pathways of platelet aggregation/activation. 

Activation dependant platelet surface marker expression, P-selectin was reduced after 

QGPJ juice supplementation both with and without exercise induced oxidative stress 

signifying the potential of anthocyanin rich QGPJ in inhibiting α-granule release 

consequently reducing activation. This observed reduction in P-selectin expression 

was greater under oxidative stress. Supplementation with QGPJ also prolonged time 

taken to clot (prothrombin time) and reduced fibrinogen levels both with and without 

exercise induced oxidative stress denoting a favourable effect on the coagulation 

cascade. The findings of this study supports the hypothesis that dietary 

supplementation with QGP has the potential to reduce risk of thrombosis, manifested 

by a reduction in platelet aggregation and activation, and favourable changes to 

coagulation parameters. 

In the past, our group has demonstrated several dietary intervention trials that 

have emphasized the cardio-protective and anti-platelet properties of polyphenols and 

antioxidants (49, 50, 101, 189, 302, 304). My recent review also elucidates the 

possible mechanisms of action of various polyphenols in inhibiting platelet activity 

(276). The present study demonstrates the physiological translation of anti-thrombotic 

properties exhibited by dietary phenolics/antioxidants in an oxidative stress 
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environment. The approach was to evaluate the potential of the antioxidants in QGP in 

reducing pro-thrombotic markers both in the presence and absence of oxidative stress. 

Sudden exercise performed by sedentary population at 70% of their maximum oxygen 

uptake assisted in inducing a physiological oxidative stress which could mimic free 

radical production in diabetic or obese populations, consequently increasing platelet 

activity (101, 338). Evaluating QGP’s effect under such pro-thrombotic conditions 

helps to translate its probable role in reducing thrombotic risk under high oxidant 

conditions and its capability as a natural complementary anti-platelet therapy for 

individuals non-responsive or resistant to current anti-platelet drugs. 

The effect of QGPJ supplementation on platelet aggregation shows that natural 

polyphenols, especially anthocyanins in QGPJ, have the potential to simultaneously 

target different pathways of platelet intracellular signalling and activation. The anti-

platelet aggregatory properties of anthocyanins have been confirmed by a few in vitro 

and ex vivo studies (284, 285, 296, 339) in addition to its role in reducing oxidative 

stress (340), lipid profile (341), inflammation (342). In contrast, Shanmuganayagam 

and colleagues have demonstrated an increase in platelet aggregation induced by 

collagen after in vitro addition of anthocyanins and other phenolic fractions (343). It 

should be noted that the present study is the first to show inhibition of platelet 

aggregation by anthocyanin rich natural juice supplements, induced by strong platelet 

stimulants under physiological oxidative stress conditions. Total polyphenol intake 

markers such as ORAC assays or active metabolites such as hippuric acid were not 

measured in plasma or urine samples of subjects. Nevertheless, food diaries were 

employed to assess the dietary pattern of the participants and were evaluated using 

FoodWorks analysis software. No significant change in dietary pattern was observed 
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in the subject population. Weekly communication with participants also aided to 

ensure subject dietary intake compliance.  Various anti-platelet therapeutics act on 

P2Y1/P2Y12 ADP receptor (clopidogrel, ticlopidine and cangrelol) and the COX-1 

pathway (aspirin) of platelet activation (12, 286). In spite of aspirin’s favourable 

effects in blocking the formation of TxA2 in the COX-1 pathway, it was observed that 

this drug does not exert an inhibitory effect on in vitro thrombus formation in high 

shear stress conditions (344) or in an in vivo model of arterial stenosis (345). Several 

instances of aspirin resistance in diabetic population (309, 346) and inefficacy in 

reducing oxidative stress and vascular inflammation (347) have also been 

demonstrated in the past. The potential mechanisms of resistance being, increased 

platelet activity due to decreased endothelial nitric oxide production; increased 

activity and levels of prothrombotic clotting factors; and hyperglycaemia (311). The 

reduction in arachidonic acid-stimulated platelet aggregation by targeting the COX-1 

pathway of activation and inhibition of P2Y12/P2Y1 ADP receptors under oxidative 

stress suggests that QGPJ may confer natural anti-thrombotic effects and prevention 

of recurrent ischemic events in diabetic and obese individual’s resistant/non-

responsive to COX-1 inhibitors or other anti-platelet drugs. The effect on collagen-

stimulated platelet aggregation, observed post QGPJ supplementation, was in 

agreement with an in vitro study by Garcia et al. where anthocyanins even at very 

high concentrations of up to 50 µM did not inhibit collagen stimulated platelet 

aggregation (348). Although the effect of QGPJ supplementation on platelet 

aggregation was not dramatic, anthocyanins serve an important complementary 

therapeutic role to currently used antiplatelet drugs, particularly in alleviating platelet 

hyperactivity in patients non-responsive to such drugs. It should also be stressed that 
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the inhibitory effect of QGPJ supplementation on platelet aggregation was in response 

to strong platelet agonists, and contrasts with in vitro trials which have not exhibited 

platelet sensitization to strong exogenous activators (284). 

 We evaluated the effect of QGPJ supplementation on the surface-marker 

expression of the fibrinogen binding site, exposed by a conformational change in the 

GPIIb-IIIa complex and α-granule secretion in ADP-induced activated platelets. It 

was observed that supplementation with QGPJ did not inhibit the expression of PAC-1 

surface markers (recognises platelet activation related conformational change), having 

no effect on the initial phase of platelet activation involving the GPIIb-IIIa receptor. 

Rein and co-workers also observed a similar effect in epinephrine-induced PAC-1 

binding after dietary intervention with de-alcoholised red wine (314). The role of QGP 

polyphenols in the inhibition of activation-related platelet degranulation is evident 

from the reduction in the expression of the α-granule membrane protein, P-selectin. 

Furthermore, it was observed that this inhibition in expression of ADP-induced P-

selectin expression was greater after exercise-induced oxidative stress. This reduced 

expression of P-selectin is in agreement with an in vitro study performed by Ostertag 

et al. which demonstrated inhibition of thrombin receptor-activating peptide (TRAP) 

induced P-selectin expression by a variety of phenolics, but at non-physiological 

concentrations (176). Furthermore, Rechner and colleagues demonstrated an 

inhibition of TRAP-induced P-selectin expression of platelets under hydrogen 

peroxide-induced oxidative stress by a mixture of phenolic compounds (284). Due to 

the inhibition in the expression of P-selectin following ADP stimulation, platelets 

could have been desensitized either by polyphenols blocking platelet receptors or by 

interfering with signal transduction. 
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 The observed prolongation in prothrombin clotting times suggests a favourable 

effect of QGPJ supplementation on the extrinsic pathway of coagulation. Note that 

this increase in clotting time was well within normal reference ranges, suggesting no 

bleeding risk. We hypothesize that anthocyanins or other polyphenols in QGP trigger 

the inhibition of the tissue factor – TF and factor VIIa complex, thereby down-

regulating extrinsic pathway. This hypothesis is reinforced by Carrieri and co-

workers, who have demonstrated the ability of grape skin extracts, rich in quercetin 

and cyanidin, in inhibiting TF synthesis in whole blood as well as isolated 

mononuclear cells (349). The observed decrease in plasma fibrinogen concentration 

after QGPJ supplementation signifies a decrease in pro-thrombotic progression. This 

finding indicates that natural polyphenols in QGP could have the potency to alleviate 

high plasma fibrinogen levels seen in conditions such as CVD or in any form of 

inflammatory condition. Although the exact mechanism of alleviation of fibrinogen 

levels in plasma is unknown, it is speculated that polyphenols rich in procyanidins and 

anthocyanins could blunt fibrinogen/fibrin synthesis by inhibiting the amydolytic 

activity of thrombin (305) or coagulation factor X (316).  

 In spite of the favourable effects of QGPJ consumption on platelet function 

and haemostasis, there are a few limitations to the study. Although dietary intake was 

monitored closely by means of food diaries there is always a question of subject 

compliance. It is possible that the anti-thrombotic effects exhibited could also be due 

to additional antioxidants consumed in the daily diet. Even if it is assumed that high 

anthocyanin content may account for this anti-thrombotic effect, it is unclear whether 

a single or mixture of phenolics is responsible for this action. For instance, there has 

been substantial evidence of the flavonol quercetin and its derivatives (detected in 
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QGPJ) in inhibiting platelet function (350), cyclooxygenase (351) and thromboxane 

receptors (315). Furthermore, the present study shows the effect of acute consumption 

(200 mL a day for 28 days) of antioxidant-rich QGPJ on platelet function and 

haemostatic parameters. Hence, it is unclear whether similar favourable effects can be 

observed after prolonged administration or consumption in larger volumes. Finally, 

although markers of oxidative stress pre and post exercise were not measured we have 

previously shown that prolonged (60 min) constant-load exercise at 70% of V̇O2PEAK 

constantly induces oxidative stress in healthy individuals (101, 304). Also the changes 

to haematological parameters observed such as decreased plasma volume, increased 

RBC, WBC counts and a slight trend in increased platelet activation (P-selectin 

expression) supports the claim.  

 

6.5 Conclusion  

In conclusion, we have demonstrated that anthocyanin rich QGPJ consumption has 

the potential to target different platelet activation pathways and alleviating fibrinogen 

binding to platelet surface (GPIIb-IIIa) receptors; thus, reducing further platelet 

recruitment for aggregation and inhibiting platelet degranulation. Due to its ability to 

target various pathways of platelet activation under oxidant stress, anthocyanin rich 

fruits such as QGP may have the potential to substitute or complement currently used 

anti-platelet drugs in patient populations resistant or nonresponsive to 

pharmacological antiplatelet-therapy.  

Furthermore, due to the significant effect of QGPJ supplementation on P-

selectin expression of activated platelets both with and without oxidative stress, 
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further studies evaluating a possible genetic involvement could be considered. As a 

final project for this thesis, a preliminary pilot study was performed to evaluate the 

effect of anthocyanin rich QGPJ on the expression of the gene encoding P-selectin, 

SELP. 
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7. Polyphenols and Gene Expression 

 

 

The effect of anthocyanin rich Queen-Garnet plum juice 

supplementation on SELP gene expression 
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7.1 Introduction 

According to the world health organisation, it has been predicted that there will be 20 

million cardiovascular disease deaths in 2015 accounting for about 30% of total 

deaths worldwide. In Australia, CVD claimed the lives of 45,600 people (31% of all 

deaths) in 2011 (352). Consumption of a diet rich in antioxidant polyphenols has been 

shown to decrease the risk of vascular conditions such as CVD by virtue of its 

antioxidant, anti-inflammatory and anti-thrombotic properties (276). Platelets in 

individuals with such pro-thrombotic conditions, exhibit increased activity ultimately 

leading to increased platelet aggregation, a precursor to thrombus formation. The 

primary mode of action in reducing thrombosis by current anti-platelet therapeutics is 

by de-sensitizing platelets and their activation dependant surface receptors (78, 288, 

310). Polyphenols such as anthocyanin have been shown to alleviate thrombus 

formation in vivo via a similar mechanism (275, 284). Previous dietary intervention 

trials have demonstrated the potential of phenolic compounds in reducing platelet 

activation related thrombogenesis (Chapter 5 and 6). In addition to these reported anti-

platelet benefits by targeting platelet activation mechanistic pathways, phenolic 

compounds have been shown to have a wide range of effects on gene expression (353, 

354). Polyphenols have been demonstrated to favourable nutrigenomic effects in 

modulating inflammation (172), oxidative stress (173), obesity (174) and DNA 

damage (175).  

P-selectin is a cell adhesion molecule on the surface of activated platelets, 

endothelial cells and is encoded by the SELP gene (355). In quiescent state, platelet P-

selectin is stored in the inner wall of the α-granules. Platelet stimulants in vivo e.g. 
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collagen, thrombin and ADP, activate the platelet and consequently help expose the 

granules. The P-selectin then promotes platelet aggregation and fibrin synthesis. An 

increase in circulating P-selectin, as seen in conditions such as diabetes, is associated 

with increased thrombotic tendency (356).  

In this dietary intervention trial we intend to evaluate the potential of a novel 

anthocyanin rich Queen-Garnet plum juice (QGPJ) supplementation in modulating 

SELP gene expression. Due to the demonstrated ability of anthocyanin rich QGPJ on 

activation dependant platelet P-selectin surface receptors, we hypothesize that it could 

have a favourable effect on the pro-thrombotic SELP gene regulation.  

 

7.2 Materials and Methods 

7.2.1 Study design and sample collection 

Twenty-six healthy volunteers from the general population, between ages 18-65 years 

were recruited by means of advertisements placed around Griffith University, Gold 

Coast, QLD, Australia. Each volunteer gave their written consent prior to participation 

in the study. For detailed description on volunteer screening and recruitment method, 

please refer to section 2.2 in Materials and Methods Chapter 2. 

During the study period, volunteers adhered to their usual diet, but consumed 

200 mL of QGPJ for 28 days. Food diaries were implemented to monitor the dietary 

intake of volunteers (performed according to the procedure detailed in Section 2.3 

Materials and Methods Chapter 2). Fasting venous blood samples from the median 

cubital vein were collected into PAXgene® blood RNA tubes on Day 1 and Day 29 – 

before and after juice supplementation. Immediately after blood collection, the 
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PAXgene® blood RNA tubes were gently inverted and incubated at room temperature 

(25°C) for 2 hours and stored at -80°C until further analysis.  

7.2.2 RNA isolation and cDNA synthesis 

Total RNA was extracted from the PAXgene® blood RNA tubes using the PAXgene® 

blood RNA kit according to the manufacturer’s protocol. Briefly after thawing the 

PAXgene blood RNA tubes at room temperature, total RNA was isolated using 

stabilisation buffers followed by proteinase K digestion and spin column clean up 

according to the manufacturers protocol (Qiagen). The quality of total RNA in 

samples was measured by absorbance at 260 nm using a Nanodrop (Thermo 

Scientific, Waltham, MA).  

Synthesis of cDNA from total RNA samples were performed using an iScript 

cDNA Synthesis kit (BioRad Laboratories, Inc., CA) according to the manufacturer’s 

protocol. The samples were then stored as 10 µL aliquots at -80°C until analysis.  

7.2.3 Primers  

The primers were synthesized by Gene-Works Pty Ltd. Australia. The specificity of 

primers were verified using Nucleotide Basic Local Alignment Search Tool from the 

GenBank non-redundant nucleotide sequence database (National Centre for 

Biotechnology Information). The sequence of each primer pair is given in Table 16 

and the sequences were selected based on a previously published article (355).  
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Table 16. Real-Time PCR primers 
 

Target Primer sequence (5′-3′) 

GAPDH Forward-GGATTGTTCTGACACTCGTGG 

Reverse-GAGGTTGGAGCAGTTCATCG 

SELP 

 

Forward-TGCACCACCAACTGCTTAGC 

Reverse-GGCATGGACTGTGGTCATGAG 

 

7.2.4 Real-Time PCR 

Real-time PCR was performed using the Corbett RotorGene 3000 with SYBR Green 

as the dye for detection. Primer concentrations were optimised to determine the 

minimum primer concentration resulting in optimal amplification of the target gene 

sequence while minimising non-specific amplification. Each reaction on the PCR 

consisted of 10 µL of iQ SYBR Green super mix, 5 ng of cDNA (1/50 dilution) and 

150 ng of each of the pair of oligonucleotide primers in a final reaction volume of 20 

µL. No-template samples were used alongside each primer set to act as a negative 

control and a pool of cDNA samples were used as a positive control to confirm primer 

pair amplification. The PCR reaction was performed at 60°C as the annealing 

temperature and the cycling parameters are as follows: 95°C for 10 min, 60 cycles of 

95 °C for 15 sec, annealing (60°C) for 30 sec, 72°C for 30 sec and ramping from 72°C 

to 95°C rising by 1°C each step. Glyceraldehyde-3-phosphate dehydrogenase 

(GAPDH) was used as an endogenous control for determining ΔCT values. Triplicate 

amplifications were performed for all samples and controls.  

Threshold (T) was set above the baseline in the exponential phase of the 
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reaction by using the plot of cycle number versus fluorescence. To ensure accurate 

comparison between sample groups, the threshold value was kept constant across the 

sample runs. The parameter cycle threshold (CT) is defined as the cycle number at 

which the fluorescence emission exceeds the baseline fixed threshold. Average CT 

values only with a standard deviation of < 0.2 were accepted. Variation in assays was 

tested using cDNA serial dilutions generated from a sample pool of cDNA from 

different participants for each primer pair. Final primer concentration and efficiency; 

cDNA concentrations were determined before the final sample run. 

7.2.5 Statistical analysis 

To ensure accurate selection of reference gene, the data was analysed using 

BestKeeper© software. The difference in mean CT values of the triplicate samples 

against the reference gene was calculated using Excel (Microsoft Office 2010). 

Statistical analysis was conducted using the GraphPad Prism version 6.0 for Windows 

(GraphPad Software, La Jolla, California, USA). A paired t-test was performed to 

compare the 2 ΔCT
 (comparative CT method) values between the groups. Power 

calculations to determine sample size was performed based on baseline mean platelet 

count; mean platelet volume and relative SELP expression. Statistical significance 

was established when p < 0.05. Difference in expression was determined between two 

groups i.e. before (QGPPRE) and after (QGPPOST) QGPJ supplementation. All data are 

reported as mean ± SD. 
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7.3 Results and Discussion 

The effect of 4-week supplementation of anthocyanin-rich QGPJ on pro-thrombotic 

SELP gene expression was evaluated in this dietary intervention trial. In this study we 

selected the gene coding for the expression of P-selectin due to the observed effect of 

QGPJ supplementation on activation dependant platelet P-selectin expression 

described previously. To the best of my knowledge, this work provides, for the first 

time, evidence of the in vivo nutrigenomic effect of QGP polyphenols on P-selectin 

gene expression in healthy individuals. It was observed that supplementation with 

polyphenol rich QGPJ, especially anthocyanins, did not significantly alter the 

expression of the gene responsible for platelet/circulating P-selectin (Figure 22). 

Furthermore, analysis of dietary intake of volunteers during the 4 weeks of 

supplementation with either QGPJ or placebo did not show significant variation in the 

dietary pattern i.e. the dietary components consumed by participants which could 

possibly affect the parameters tested, were not significantly different across the 

supplementation period (Table 17). Table 18 illustrates the anthropometry data of the 

participants. No significant changes to anthropometric measurements were observed 

post supplementation with QGPJ or PBO.  
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Figure 22. SELP gene expression before (QGPPRE) and after (QGPPOST) 28 day QGPJ 
supplementation. Data are presented as mean 2ΔCT ± SD.  
 
 
 
 
 
 
Table 17. Analysis of mean dietary levels of total vitamins, caffeine and alcohol 

during the 4 week supplementation period  

Treatment Total Vitamins (mg) Total Caffeine (mg) Total Alcohol (g) 

QGPJ 143.1 ± 86.7 62.0 ± 73.5 1.31 ± 3.55 

PBO 151.2 ± 86.3 65.5 ± 111.8 2.01 ± 4.32 

Data is represented as Mean ± SD. QGPJ, Queen Garnet plum juice; PBO, placebo 
drink. 
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Table 18. Anthropometric data of participants before and after supplementation 

Parameter QGPPRE QGPPOST PBOPRE PBOPOST 

Weight (kg) 72.5 ± 9.9 71.9 ± 9.5 71.7 ± 9.5 71.7 ± 8.9 

Triceps (cm) 17.2 ± 7.9 19.0 ± 7.8 18.4 ± 8.2 18.8 ± 8.8 

Waist (cm) 78.3 ± 8.6 78.2 ± 8.4 78.0 ± 7.2 77.6 ± 6.5 

Hip (cm) 100.9 ± 5.4 100.1 ± 5.1 100.4 ± 4.9 99.7 ± 5.7  

BMI 24.5 ± 2.6 24.4 ± 2.5 24.3 ± 2.4 24.3 ± 2.5 

Body fat (%) 28.9 ± 5.6 28.5 ± 5.7 29.0 ± 5.5  28.4 ± 5.0 

Data is represented as Mean ± SD. PBOPRE, before placebo supplementation; 
PBOPOST, after 4 week placebo supplementation; QGPPRE, before Queen-Garnet plum 
juice supplementation; QGPJPOST, after 4 week Queen-Garnet plum juice 
supplementation. 
 

 

Platelet derived and circulating P-selectin seems to contribute to development of 

atherosclerotic lesions and platelet activation related thrombogenesis (357). P-selectin 

is a component of the platelet membrane alpha and dense granules and its expression 

reflects platelet activation (358, 359). P-selectin is a potent adhesion molecule and is 

reported to possess pro-coagulant activities by regulating the production of monocyte 

derived platelet activating factor, tissue factor and leucocyte adhesion (360). In this 

sense, the inhibition of platelet activation has been used by current anti-platelet 

therapeutics to prevent and treat atherosclerotic progression or thrombogenesis. 

However, drug resistance, side effects and non-responsiveness are limitations of 

current therapeutics (309, 311). Several epidemiological and animal studies have 

reported benefits of the cardio-protective role of antioxidant and polyphenol rich fruits 

and vegetables (27, 28, 207, 275). Experimental evidence suggests that the role of 

dietary polyphenols in attenuating inflammation and atherosclerotic progression could 
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be partially attributable to the changes in gene expression (353). A polyphenol rich 

diet (particularly flavonoids) including green tea, bilberry juice, soybeans and 

derivatives was associated with reduced metabolic pathway gene expression and 

increased DNA repair expression in whole blood (361). Polyphenols have also been 

reported to have anti-mutagenic properties (361). Despite the potential of phenolic 

compounds in DNA repair and reducing DNA damage (175), reports have implicated 

DNA strand breaks post flavonoid consumption (362). Phenolic compounds in green 

tea and tomato extracts have been linked to alter the expression of inflammatory genes 

in peripheral mononuclear cells (363).  

Despite the potential of bioactive polyphenols in repressing selected gene 

expression pathways to manage or prevent inflammation, oxidative stress or DNA 

damage, it was observed from the results that the polyphenols in the novel QGP did 

not affect thrombosis specific gene encoding P-selectin after 4 weeks of 

supplementation. This observed effect on differential gene expression could be due to 

different factors, 1) the concentration of bioavailable phenolic compounds from 

supplementation with 200 mL of juice per day or 2) the length of supplementation (28 

days) required to cause a down-regulation in SELP gene expression. However, there is 

a small trend in the down regulation of the SELP gene evident from increased 2ΔCT. 

Although the observed effect on the gene expression was not statistically significant, 

evaluating the effect of supplementation on gene expression on a larger subject 

population, could have possibly led to a different outcome. The large standard 

deviation in the results could possibly be explained by the platelet activation profile of 

the study population. It is hypothesized that the extent of platelet response to stimuli 

might vary in individuals with respect to differences in BMI, platelet count, lipid 
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profile and other parameters. Also due to the sensitivity of SELP expression, the 

above mentioned factors could have strongly contributed to the variability in results.   

 Further studies comparing SELP gene expression on patients under antiplatelet 

therapy such as aspirin versus increased dosage of QGPJ supplementation is 

warranted.   
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8. Summary and Future directions  
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The overall hypothesis of this project was to examine the potential of various natural 

antioxidants and polyphenols in reducing platelet activation related thrombogenesis 

and modulating haemostatic function in normal healthy population. A total of five 

studies were conducted as a part of this thesis program to support this hypothesis. The 

aim was to find a natural dietary antioxidant to simultaneously target different 

pathways of platelet activation and haemostatic function to replace/complement 

current anti-platelet therapeutics by reducing their dosage administered in drug 

resistant, non-responsive, pro-thrombotic obese or diabetic patient population. 

Preliminary in vitro analysis evaluated the effect of natural antioxidant compounds 

such as taurine and caffeine individually and synergistically on platelet aggregation 

and coagulation parameters. This study demonstrated that taurine and caffeine 

synergistically at low physiologically attainable concentration inhibited platelet 

aggregation and prolonged clotting times. The effect of in vitro hippuric acid, a 

potential active metabolite of polyphenol intake especially foods rich in anthocyanins 

and quinic acid on activation-dependant platelet surface receptors were then 

evaluated. It was observed that hippuric acid at high concentrations reduced platelet 

activation in relation to platelet conformation change and α-granule release. Due to 

the anti-thrombotic potential exhibited by natural antioxidant compounds and active 

metabolites by virtue of its antioxidant properties in vitro, we then investigated the 

mechanistic pathways of platelet activation inhibition by dietary antioxidant 

polyphenols in vivo. Dietary supplementation with antioxidants in anthocyanin rich 

Queen Garnet plum juice (QGPJ) reduced platelet aggregation by targeting various 

pathways of platelet activation such as the ADP P2Y12, collagen and the arachidonic 

acid COX-1 pathway. Besides favourable effects on coagulation profile and reducing 
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oxidative stress marker (malondialdehyde), activation dependent platelet surface 

receptors were also inhibited post 28-day anthocyanin rich juice supplementation. We 

then evaluated the potential of antioxidant rich QGPJ under exercise-induced 

oxidative stress to simulate the oxidative stress environment seen in pro-thrombotic 

conditions such as diabetic and obese population. Interestingly it was observed that 

QGPJ supplementation decreased platelet aggregation stimulated by ADP and 

arachidonic acid, platelet activation related granule release after exercise induced 

oxidative stress state greater than at rest. This demonstrates the possibility of 4-week 

supplementation with antioxidant polyphenols in QGPJ to impart its anti-platelet 

activity in high oxidative stress conditions such as diabetes. Furthermore, due to 

significant inhibition of QGPJ supplementation on activation dependent platelet α-

granule release (P-selectin), we then investigated its effect on P-selectin gene 

expression. It was seen that the SELP or the P-selectin gene was not down-regulated 

by QGPJ polyphenols or its active metabolites.  

Despite the favourable effects of antioxidant compounds and natural polyphenols 

in reducing thrombogenesis and favourably altering haemostatic function, it is 

important to discuss the potential limitations of the research conducted. In Chapter 3, 

the in vitro synergistic and discrete effects of taurine and caffeine on platelet 

aggregation and coagulation profile were analysed. The effect of these compounds on 

platelet activation dependent surface marker expression could have been analysed to 

assess their potential involvement in the initial phase of platelet activation i.e. 

degranulation and activation related conformational change. Secondly, in the dietary 

intervention trials evaluating the action of QGPJ supplementation on thrombogenesis, 

providing a pre-determined dietary regime or daily meals could have been provided to 
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participants to aid in intensive dietary compliance. In Chapter 6, plasma biomarkers of 

oxidative stress such as malondialdehyde, glutathione could have been assessed to 

support previously established claims that one hour of moderate intensity exercise, 

70% of VO2 max induces physiological oxidative stress. Furthermore, acute doses of 

QGPJ have exhibited such an anti-thrombotic effect but it is not clear if the same 

favourable effect would be seen after prolonged administration or in larger volumes.  

Results from the in vitro and dietary intervention studies have demonstrated the 

potential of antioxidant compounds and dietary polyphenols in alleviating the risk 

factors of thrombosis (Figure 23). These compounds at physiological concentrations 

have been instrumental in reducing platelet aggregation and hyper-activation in 

healthy population. They have also imparted their anti-thrombotic properties by 

exhibiting a favourable effect on haemostasis by prolonging clotting times and 

reducing plasma fibrinogen levels. Anthocyanin rich QGPJ has also shown promise in 

reducing oxidative stress biomarkers. Due to the thus observed anti-thrombotic 

attributes of antioxidants especially polyphenol compounds such as anthocyanins and 

a potential active metabolite of the juice, hippuric acid, they could possibly function 

alongside current antiplatelet therapeutics in reducing thrombotic risk. Furthermore, 

due to the observed effect of anthocyanins in reducing platelet activation under 

oxidative stress conditions in healthy individuals, they could have a potential benefit 

in reducing the risk of thrombosis in high oxidative stress conditions such as type 2 

diabetes. Hence, the next step would be to evaluate the mechanism of anti-platelet 

action of anthocyanin-rich juice in alleviating markers of platelet 

activation/aggregation in aspirin resistant diabetic population or in pro-thrombotic 

obese individuals non-responsive to aspirin. The aim is to design a randomised, 
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double blind, placebo controlled dietary intervention trial to compare the effect of 

QGPJ supplementation on normal healthy individuals, diabetic population with and 

without prior clinical CVD and at risk sedentary or obese population. Due to the 

known resistance and non-responsiveness of current anti-platelet therapeutics, the 

effect of extracts or capsules of such natural dietary polyphenols versus aspirin 

therapy would also be evaluated. Thus, a natural dietary antioxidant, polyphenolic, 

anti-thrombotic compound/s which could complement or replace current anti-platelet 

therapeutics could possibly help overcome the problem of drug resistance, non-

responsiveness or side-effects in pro-thrombotic patient population.  
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Figure 23. Summary of the studies conducted.
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10.1 Appendix 1 

 
 
HUMAN RESEARCH ETHICS COMMITTEE  
ETHICAL CLEARANCE CERTIFICATE  
 
This certificate generated on 01-04-2012.  
 
This certificate confirms that protocol 'Role of functional foods in the prevention of 
thrombotic risk factors' (GU Protocol Number MSC/02/12/HREC) has ethical 
clearance from the Griffith University Human Research Ethics Committee (HREC) 
and has been issued with authorisation to be commenced.  
 
The ethical clearance for this protocol runs from 27-02-2012 to 31-01-2013. The 
named members of the research team for this protocol are:  
 
Dr Indu Singh  
Mr Abishek Santha Kumar  
 
The research team has been sent correspondence that lists the standard conditions of 
ethical clearance that apply to Griffith University protocols.  
 
The HREC is established in accordance with the National Statement on Ethical 
Conduct on Research Involving Humans. The operation of this Committee is outlined 
in the HREC Standard Operating Procedure, which is available from 
www.gu.edu.au/or/ethics.  
 
Please do not hesitate to contact me if you have any further queries about this matter.  
 
Dr Gary Allen  
Manager, Research Ethics  
Office for Research  
G39 room 3.55 Gold Coast Campus  
Griffith University  
Phone: 3735 5585  
Facsimile: 07 5552 9058  
Email: g.allen@griffith.edu.au 
 
 
 

 

http://www.gu.edu.au/or/ethics
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HUMAN RESEARCH ETHICS COMMITTEE 
ETHICAL CLEARANCE CERTIFICATE 
 
This certificate generated on 17-08-2014. 
 
This certificate confirms that protocol 'Approved procedure: Venepuncture, umbrella 
ethical cover for venous blood collection from human volunteers to maintain, develop 
and standardise the techniques and procedures in Haematology research laboratory 
(GU Protocol Number MSC/13/11/HREC) has ethical clearance from the Griffith 
University Human Research Ethics Committee (HREC) and has been issued with 
authorisation to be commenced. 
 
The ethical clearance for this protocol runs from 05-09-2011 to 26-09-2016. The 
named members of the research team for this protocol are: 
 
Dr Andrew Bulmer 
Miss Connie Boon 
Dr Indu Singh 
Mr Abishek Santha Kumar 
Mr Avinash Kundur 
 
The research team has been sent correspondence that lists the standard conditions of 
ethical clearance that apply to Griffith University protocols. 
 
The HREC is established in accordance with the National Statement on Ethical 
Conduct on Research Involving Humans. The operation of this Committee is outlined 
in the HREC Standard Operating Procedure, which is available 
fromwww.gu.edu.au/or/ethics. 
 
Please do not hesitate to contact me if you have any further queries about this matter. 
 
Rick Williams 
Manager, Research Ethics 
Office for Research 
Bray Centre, N54 Room 0.15 Nathan Campus 
Griffith University 
Phone: 07 3735 4375 
Facsimile: 07 373 57994 
Email: rick.williams@griffith.edu.au 
 

http://www.gu.edu.au/or/ethics
mailto:rick.williams@griffith.edu.au
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10.4 Appendix 4 

 
 
 
 
INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PLAIN LANGUAGE STATEMENT (PROTOCOL 1) 
 
Project Title: Role of functional foods in the prevention of thrombotic risk factors 
 
Investigators: Mr. Abishek B Santhakumar and Dr. Indu Singh 
 
Dear Participant 
 
You are invited to participate in a research project being conducted by GRIFFITH University. This 
information sheet describes the project in straightforward language, or ‘plain English’. Please read 
this sheet carefully and be confident that you understand its contents before deciding whether to 
participate. If you have any questions about the project, please ask one of the investigators.  
 
Who is involved in this research project? Why is it being conducted? 
o The investigators listed at the top of the page want to evaluate the protective antioxidant 

properties of different plums and /or papaya and their effect on blood clotting and stickiness in 
blood vessels, one of the major causes of cardiovascular diseases. A new type of plum called 
Queen Garnet Plum has been cultivated, by DEEDI (Queensland Government) as a 
Phytofarming product for health, with 5-10 times higher antioxidant capacity. This research 
project is one of the early phases of number of possible trials to examine the possibility of 
using these fruits and their products as natural substitute for aspirin, commonly used anti 
blood clotting agent for prevention of heart diseases. Many members of obese and diabetic 
populations do not respond well to preventive aspirin treatment. Ultimate aim of our research 
is to demonstrate if QGP could partially substitute antiplatelet drugs. 

o The project has been approved by the Griffith University Human Research Ethics Committee, 
but we still need your consent to be part of the research. 

 
Why have you been approached? 
o You have been selected for this research because you volunteered in response to our 

advertisement. 
 
What is the project about? What are the questions being addressed? 
o Queen Garnet Plum (QGP) is a result of a Queensland Government innovative breeding 

project. Queensland Alliance for Agriculture and Food Innovation (QAAFI) has shown QGP 
to have 5-10 times higher antioxidant levels compared to all other varieties of plums. 

o We hypothesize that antioxidant rich QGP may lead to decreased platelet and clotting activity, 
reducing inflammation and improving lipid profile by influencing fat metabolism under 
increased oxidative stress conditions. 

o Aspirin is a commonly used antiplatelet therapy for patients with cardiovascular disease.  
This project is being conducted to evaluate cardiac health benefit of QGP so that they may 
partially substitute such antiplatelet drugs without significant side effects. 

 
If I agree to participate, what will I be required to do? 
o You will be required to complete 2 questionnaires and give a small amount of blood from your 

arm vein on day one.  



 

213 
 

o Following the first blood collection procedure you will then be required to supplement your 
regular diet with one of the 3 varieties of 200 mL of plum juice “A”, provided, everyday for 
4 weeks and again give a small amount of blood from your arm vein on day 29 upon 
completion of the supplementation. 

o After one week of no juice supplementation, you will be required to donate another sample of 
your blood and urine on Day 37 and Day 65. During this period you will consume 200 ml of 
plum juice “B” daily for 28 days. Following another week of no supplementation, you will be 
required to donate blood and urine on Day 73 and Day 101 with consumption of 200 ml of 
plum juice “C” daily for 28 days. 

o You will also be requested to record the full food intake for 24 hours (once a week) on any 
one day of each of the four weeks (details and guidelines to help complete the record will be 
provided). 

 
What are the risks or disadvantages associated with participation? 
o Blood will be collected from your arm vein using the same method as for routine medical 

blood tests by an experienced and qualified person. A sterile needle is passed into the vein and 
blood is drawn. The needle is then withdrawn; a cotton swab is gently pressed over the 
puncture site for approximately two minutes. Adverse effects of taking blood are the minor 
discomfort associated with the needle passing through the skin and the possibility of minor 
bruising near the puncture site. The risk of infection is only minimal when venepuncture is 
performed under sterile conditions as described above. Some people may feel briefly dizzy 
after blood has been collected, please let us know if this occurs. 

o Since all supplementation for both treatments group and placebo group are natural fruits/fruit 
products there is minimal/no risk associated with its intake. However if you notice any 
untoward effects please inform us immediately. 

o Participation in this study is solely voluntary. You will be free to withdraw at any time for any 
reason. If you chose to withdraw all identifiable data and blood samples collected will be 
destroyed and disregarded from the study. 

 
What are the benefits associated with participation? 
o There are no direct benefits to you from your participation; however it will help the research 

in this area and may benefit the patients and doctors in future by making guided therapy in 
cardiovascular disease population. 

 
What are my rights as a participant? 
o We want to draw your attention to your rights, which include: 
 The right to withdraw their participation at any time, without prejudice. 
 The right to have any unprocessed data withdrawn and destroyed, provided it can be 

reliably identified, and provided that so doing does not increase the risk for the 
participant. 

 The right to have any questions answered at any time. 
 
Whom should I contact if I have any questions? 
o  Abishek Bommannan (07 55528320) or Indu Singh (07 55529821),  
 
What other issues should I be aware of before deciding whether to participate? 
o There are no other issues we can suggest at this time which you should also consider before 

you decide whether to participate or not. 
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The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical Conduct in 
Human Research. If you have any concerns or complaints about the ethical conduct of the research 
project, you should contact the Manager, Research Ethics on 3735 5585 or research-
ethics@griffith.edu.au. 

 
Privacy statement 
 
The conduct of this research involves the collection, access and / or use of your identified personal 
information. The information collected is confidential and will not be disclosed to third parties 
without your consent, except to meet government, legal or other regulatory authority requirements. 
A de-identified copy of this data may be used for other research purposes. However, your 
anonymity will at all times be safeguarded.  
 
Yours sincerely 
 
 
 
Indu Singh (i.singh@griffith.edu.au) 
 
 
 
Abishek Bommannan, Santhakumar (a.santhakumar@griffith.edu.au) 
 
 
 
 
  

mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
mailto:i.singh@griffith.edu.au
mailto:a.santhakumar@griffith.edu.au
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INVITATION TO PARTICIPATE IN A RESEARCH PROJECT 
PLAIN LANGUAGE STATEMENT (PROTOCOL 2) 
 
Project Title: Role of functional foods in the prevention of thrombotic risk factors 
 
Investigators: Mr. Abishek B Santhakumar and Dr. Indu Singh 
 
Dear Participant 
You are invited to participate in a research project being conducted by GRIFFITH University. This 
information sheet describes the project in straightforward language, or ‘plain English’. Please read 
this sheet carefully and be confident that you understand its contents before deciding whether to 
participate. If you have any questions about the project, please ask one of the investigators.  
 
Who is involved in this research project? Why is it being conducted? 
o The investigators listed at the top of the page want to evaluate the protective antioxidant 

properties of different plums and /or papaya and their effect on blood clotting and stickiness in 
blood vessels, one of the major causes of cardiovascular diseases. A new type of plum called 
Queen Garnet Plum has been cultivated, by DEEDI (Queensland Government) as a 
Phytofarming product for health, with 5-10 times higher antioxidant capacity. This research 
project is one of the early phases of number of possible trials to examine the possibility of 
using these fruits and their products as natural substitute for aspirin, commonly used anti 
blood clotting agent for prevention of heart diseases. Many members of obese and diabetic 
populations do not respond well to preventive aspirin treatment. Ultimate aim of our research 
is to demonstrate if QGP could partially substitute antiplatelet drugs. 

o The project has been approved by the Griffith University Human Research Ethics Committee, 
but we still need your consent to be part of the research. 

 
Why have you been approached? 
o You have been approached because you volunteered in response to our advertisement. 
 
What is the project about? What are the questions being addressed? 
o Queen Garnet Plum (QGP) is a result of a Queensland Government innovative breeding 

project. Queensland Alliance for Agriculture and Food Innovation (QAAFI) has shown QGP 
to have 5-10 times higher antioxidant levels compared to all other varieties of plums. 

o We hypothesize that antioxidant rich QGP may lead to decreased platelet and clotting activity, 
reducing inflammation and improving lipid profile by influencing fat metabolism under 
increased oxidative stress conditions. 

o Aspirin is a commonly used antiplatelet therapy for patients with cardiovascular disease.  
This project is being conducted to evaluate cardiac health benefit of QGP so that they may 
partially substitute such antiplatelet drugs without significant side effects. 

 
If I agree to participate, what will I be required to do? 
o Initially after recruitment and upon completion of questionnaire you will be requested to 

undertake mild exercise to test preliminary VO2 max (to test your fitness level on cycle) 
assessment in the presence of a physician followed by a baseline blood sample collection. 
Participants will not be asked to continue with the study if based on their VO2 max assessment 
doctor finds the exercise protocol may be hard for them or their health or if blood examination 
shows any sub normal characteristic. You will be entitled to get a copy of all your blood test 
results. 

o All volunteers included to participate in the study will be required to donate small amount of 
blood and urine on Day 1, before and after 45 – 60 minutes of exercise in our laboratory under 
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proper supervision of an accredited exercise physiologist. You will then be required to 
consume 200 ml of plum juice “A” daily for 28 days. Post supplementation, you will be 
required to donate blood and urine before and after exercise on Day 29. After one week of no 
juice supplementation, you will be required to donate a small amount of blood and urine on 
Day 37, before and after 45 – 60 minutes of exercise. You will then be required to consume 
200 ml of plum juice “B” daily for 28 days. Post supplementation, on day 65, a final blood 
and urine sample will be collected before and after exercise. 

o You will also be requested to record the full food intake for 24 hours (once a week) on any 
one day of each of the four weeks (details and guidelines to help complete the record will be 
provided). 
 

What are the risks or disadvantages associated with participation? 
o Blood will be collected from your arm vein using the same method as for routine medical 

blood tests by an experienced and qualified person. A sterile needle is passed into the vein and 
blood is drawn. The needle is then withdrawn, a cotton swab passed over the site and gentle 
pressure is applied for approximately two minutes. Adverse effects of taking blood are the 
minor discomfort associated with the needle passing through the skin and the possibility of 
minor bruising near the puncture site. The risk of infection is only minimal when 
venepuncture is performed under sterile conditions as described above. Some people may feel 
briefly dizzy after blood has been collected, please let us know if this occurs. 

o Since QGP is a fruit product there is minimal/no risk associated with its intake. However if 
you notice any untoward effects please inform us immediately. 

o Participation in this study is solely voluntary. You will be free to withdraw at any time for any 
reason. If you chose to withdraw all data and blood samples collected will be destroyed and 
disregarded from the study. 

 
What are the benefits associated with participation? 
o There are no direct benefits to you from your participation; however it will help the research 

in this area and may benefit the patients and doctors in future by making guided therapy in 
CVD population. 

 
What are my rights as a participant? 
o We want to draw your attention to your rights, which include: 
 The right to withdraw their participation at any time, without prejudice. 
 The right to have any unprocessed data withdrawn and destroyed, provided it can be 

reliably identified, and provided that so doing does not increase the risk for the 
participant. 

 The right to have any questions answered at any time. 
 
Whom should I contact if I have any questions? 
o Abishek Bommannan (07 55528320) or Indu Singh (07 55529821),  
 
What other issues should I be aware of before deciding whether to participate? 
o There are no other issues we can suggest at this time which you should also consider before 

you decide whether to participate or not 
 
The ethical conduct of this research 

Griffith University conducts research in accordance with the National Statement on Ethical Conduct in 
Human Research. If you have any concerns or complaints about the ethical conduct of the research 
project, you should contact the Manager, Research Ethics on 3735 5585 or research-
ethics@griffith.edu.au. 

 

 

mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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Privacy statement 
The conduct of this research involves the collection, access and / or use of your identified personal 
information. The information collected is confidential and will not be disclosed to third parties 
without your consent, except to meet government, legal or other regulatory authority requirements. 
A de-identified copy of this data may be used for other research purposes. However, your 
anonymity will at all times be safeguarded.  
 
Yours sincerely 
 
 
 
Indu Singh (i.singh@griffith.edu.au) 
 
 
  
Abishek Bommannan, Santhakumar (a.santhakumar@griffith.edu.au) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

mailto:i.singh@griffith.edu.au
mailto:a.santhakumar@griffith.edu.au
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10.5 Appendix 5 

 
 
 
Protocol 1 
Prescribed Consent Form for Persons Participating in Research Projects Involving Interviews, 
Questionnaires, blood collection or Disclosure of Personal Information 

School of Medical Science 
 

Name of participant:  
 

Project Title: Role of functional foods in the prevention of thrombotic risk 
factors 

Name(s) of investigators: (1) Abishek B Santhakumar Phone: 07 55528320 
 
1. I have received a statement explaining the questionnaire involved in this project. 
2. I consent to participate in the above project, the particulars of which - including details of the 

interviews or questionnaires, blood and urine collection - have been explained to me. 
3. I authorise the investigator or his or her assistant to interview me or administer a questionnaire 

and take blood sample by venepuncture. 
4. I acknowledge that: 

(a) Having read explanatory Statement, I agree to the general purpose, methods and 
demands of the study. 

(b) I have been informed that I am free to withdraw from the project at any time and to 
withdraw any unprocessed data previously supplied. 

(c) The project is for the purpose of research and/or teaching. It may not be of direct 
benefit to me. 

(d) The privacy of the personal information I provide will be safeguarded and only 
disclosed where I have consented to the disclosure or as required by law.  

(e) The security of the research data is assured during and after completion of the study. 
The data collected during the study may be published, and a report of the project 
outcomes will be provided to any participants who request it. Any information which 
will identify me will not be used. 

Participant’s Consent 
 
Participant: 
 

  
Date: 

 

(Signature) 

Witness Details 
 
Witness : 
 
 

   
Date: 

 

     Name        (Signature) 
 
 
Participants should be given a photocopy of this consent form after it has been signed. 
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Protocol 2 
Prescribed Consent Form for Persons Participating in Research Projects Involving Interviews, 
Questionnaires, blood collection or Disclosure of Personal Information 

School of Medical Science 
 

Name of participant:  
 

Project Title: Role of functional foods in the prevention of thrombotic risk 
factors 

Name(s) of investigators: (1) Abishek B Santhakumar Phone: 07 55528320 
 
1. I have received a statement explaining the questionnaire involved in this project. 
2. I consent to participate in the above project, the particulars of which - including details of the 

interviews or questionnaires, blood and urine collection before and after exercise protocol - 
have been explained to me. 

3. I authorise the investigator or his or her assistant to interview me or administer a 
questionnaire, and give my informed consent to collect blood sample by venepuncture before 
and after I have completed the exercise on day one and upon completion of 4 week dietary 
supplementation. 

4. I acknowledge that: 
(a) Having read explanatory Statement, I agree to the general purpose, methods and 

demands of the study. 
(b) I have been informed that I am free to withdraw from the project at any time and to 

withdraw any unprocessed data previously supplied. 
(c) The project is for the purpose of research and/or teaching. It may not be of direct 

benefit to me. 
(d) The privacy of the personal information I provide will be safeguarded and only 

disclosed where I have consented to the disclosure or as required by law.  
(e) The security of the research data is assured during and after completion of the study. 

The data collected during the study may be published, and a report of the project 
outcomes will be provided to any participants who request it. Any information which 
will identify me will not be used. 

 
Participant’s Consent 
 
Participant: 
 

  
Date: 

 

(Signature) 
 
Witness Details 
 
Witness : 
 
 

 
 

  
Date: 

 

     Name        (Signature) 
 
 
 
Participants should be given a photocopy of this consent form after it has been signed. 
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VOLUNTEER SCREENING 

 
Title of Project: Role of functional foods in the prevention of thrombotic risk factors 

 
Confidentiality: The information given on this form will be treated as confidential. The information 
will not be copied and will be destroyed if a subject is not selected for the study. Only the researchers 
involved will have access to this data. 

Name :       SUBJECT CODE  M/F 
 
 
Date :     
 
 
Address :          
   
 
 
Telephone :  Home     Work   
   
 
 
Date of Birth :      Age :  
Weight :_______Height:______  
 
 
What is the earliest time you would be available in the mornings?     
 
VOLUNTEER INCLUSION CRITERIA : 

1. Between 18-65 years of age. 
2. Non-smoker 
3. Healthy 
4. No known problems with venepuncture 

 
VOLUNTEER EXCLUSION CRITERIA : 

 
1. Excessive bleeding tendency 
2. Anti-Coagulant therapy 
3. Recent GI bleed 
4. Liver Disease 
5. Anti-inflammatory Drugs affecting plt 
6. Plt <125 & >450 

 
PLEASE COMPLETE THE FOLLOWING DETAILS : 
 
         Yes  No Not sure 
Have you had, or do you have : 
 

High blood pressure             
 

Angina              
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Heart attack               
 

Stroke              
 

High cholesterol (>6mmol/L)          
  

High triglycerides (>2mmol/L)          
 

Renal disease            
 

Diabetes                           
 

Allergies (including asthma)          
 
 
Please provide details (and medication, if any):_________________________________ 
 
Are you undergoing treatment for : 

Angina               
 

Lowering blood fats             
 

Lowering blood pressure                          
 

Diabetes                             
 

Anti-platelet therapy                                                                          
 
Do you take any other medication, including aspirin ? 
 

Yes          No  
 
If yes, please give details: __________________________________________________  
 
 
 
Would you consume more than two standard glasses of any alcoholic beverage : 
 

Daily       A few days a week   
 

Once a week      occasionally    
 

Rarely or never      
 
If yes, type of beverage:__________________________________________________ 
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Thank you for your co-operation. We will be selecting a study group of 45 healthy volunteers for 
protocol 1 (where two blood and urine samples will be collected before and after supplementation with 
provided fruit/fruit products) and 30 healthy volunteers for protocol 2 (where 4 blood samples will be 
collected with 2 bouts of exercise). Please do not be offended if you are not chosen. It certainly does 
not mean that you were not suitable, but rather, that we had too many applicants in your age range. We 
would however like to keep your name on our records for involvement with further studies if you 
agree.  
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WINTEC • NZ ACADEMY OF SPORT 

 

Dietary Antioxidant Questionnaire 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
Today's date: 
 
MONTH DAY YEAR 

01  Jan 
02  Feb 
03  Mar 
04  Apr 
05  May 
06  Jun 
07  Jul 
08  Aug 
09  Sep 
10  Oct 
11  Nov 
12  Dec 

|___|___|  2007 
 2008 
 2009 

 

0 0 
1 1 
2 2 
3 3 

 4 
 5 
 6 
 7 
 8 
 9 

 

 
 
In what month were 
you born? 
 

01  Jan 
02  Feb 
03  Mar 
04  Apr 
05  May 
06  Jun 
07  Jul 
08  Aug 
09  Sep 
10  Oct 
11  Nov 
12  Dec 

 
 

 
 
 
In what year were 
you born? 
 
 19 |___|___| 

0 0 
1 1 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 

 
 

 
 
 
Are you male or 
female? 
 

a Male 
b Female 

GENERAL INSTRUCTIONS 

• Answer each question as best you can. Estimate if you are not sure. A guess is better 
than leaving a blank. 

• Use only a black or blue ball-point pen. Do not use a pencil or felt-tip pen. Do not fold, 
staple, or tear the pages. 

• Put an X in the box next to your answer.  

• If you make any changes, cross out the incorrect answer and put an X in the box next to 
the correct answer. Also draw a circle around the correct answer. 

• If you mark NEVER, NO, or DON’T KNOW for a question, please follow any arrows or 
instructions that direct you to the next question. 

 
BEFORE TURNING THE PAGE, PLEASE COMPLETE THE FOLLOWING QUESTIONS. 

 

1 BAR CODE LABEL OR SUBJECT 
ID HERE  
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Are you taking oral contraceptive pills?  
Oral contraceptive may act as an antioxidant 
hence we need to ask this question. 
 

01  Yes 
02  No 
03  Not applicable (Male) 

 
What is your current weight? 
 
01  <50 kg  06  81-90 kg 
02  51-60 kg  07  91-100 kg 
03  61-70 kg  08  101-110 kg 
04  71-80 kg  09  >110 kg 
 
How long have you been at your current weight? 
 
01  <1 month 
02  1-6 months 
03  7-12 months 
04  12 months or longer 
 
What is your lightest adult weight? 
 
01  <50 kg  05  81-90 kg 
02  51-60 kg  06  91-100 kg 
03  61-70 kg  07  101-110 kg 
04  71-80 kg  08  >110 kg 
 
How many years have you been involved in the 
sport? 
 
01  <2 years 
02  2-3 years 
03  >3-5 years 
04  >5-7 years 
05  > 7 years 
 
How many hours do you spend doing on water 
training a week? 
 
01  <3 hours a week 
02  3-4.9 hours a week 
03  5-6.9 hours a week 
04  7-9 hours a week 
05  >9 hours a week 
 
How many hours do you spend doing resistance 
training (weights) a week? 
 
01  <3 hours a week 

02  3-4.9 hours a week 
03  5-6.9 hours a week 
04  7-9 hours a week 
05  >9 hours a week 
 
How many hours do you spend doing additional 
aerobic training a week? 
 
01  <3 hours a week 
02  3-4.9 hours a week 
03  5-6.9 hours a week 
04  7-9 hours a week 
05  >9 hours a week 
 
Do you typically eat breakfast before training? 
 

a Yes 
b No 

 
Have you been ill in the last week, to a point it 
has hindered your training? 
 

a Yes 
b No 

 
Have you required on going consumption of anti-
inflammatory medication? 
 

a Yes 
b No 

 
 
 
 
 

 
 

1. 

Questions appear on the next page 
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Over the past 1 month, how often did you drink 
tomato juice or vegetable juice? 

 
 NEVER (GO TO QUESTION 2) 

 
b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times per day 
f  5–6 times per week  

 
1a. Each time you drank tomato juice or 

vegetable juice, how much did you usually 
drink? 

 
a  Less than ¾ cup (200mL) 
b  ¾ to 1¼ cups (200 to 300mL) 
c  More than 1¼ cups (300mL) 

 
2. Over the past 1 month, how often did you drink 

orange juice, apple, pineapple, cranberry or 
grape juice ? 
 
a  NEVER (GO TO QUESTION 3) 

 
b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times per day 
f  5–6 times per week  

 
2a. Each time you drank orange juice, 

pineapple, apple, cranberry or grape juice, 
how much did you usually drink? 

 
a  Less than ¾ cup (200mL) 
b  ¾ to 1¼ cups (200 to 300mL) 
c  More than 1¼ cups (300mL) 

 
3. Over the past 1 month, how often did you drink 

fruit drinks containing blackberry, strawberry, 
cranberry, raspberry, blackcurrent or 
blueberry? 

 
a  NEVER (GO TO QUESTION 4) 

 
b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times per day 
f  5–6 times per week  

 
3a. Each time you drank fruit drinks containing 

blackberry, strawberry, cranberry, 
raspberry, blackcurrent or blueberry, how 
much did you usually drink? 
a  Less than ¾ cup (200mL) 
b  ¾ to 1½ cups (200-300mL) 
c  More than 1½ cups (300mL) 

Over the past 1 month…. 
 
4. How often did you drink other fruit drinks (such 

as thriftee, Vitafresh, Kool-Aid, sports drink, diet 
or regular)? 

 
a  NEVER (GO TO QUESTION 5) 

 
b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times per day 
f  5–6 times per week  

  
4a. Each time you drank other fruit drinks, how 

much did you usually drink? 
 

a  Less than 1 cup (250mL) 
b  1 to 2 cups (250-500mL) 
c  More than 2 cups (500mL) 

 
4b. How often were your fruit drinks enriched 

(added) with vitamin-C? 
 

a  Almost never or never  
b  About ¼ of the time 
c  About ½ of the time 
d  About ¾ of the time 
e  Almost always or always 
f  Don’t know 
 

5. How often did you drink hot drinks such as 
coffee, black, green or oolong tea ? 

 
a  NEVER (GO TO QUESTION 6) 

 
b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times per day 
f  5–6 times per week  

 
5a. Each time you drank coffee, black, green or 

oolong tea, how much did you usually drink? 
 

a  Less than 1 cup (150mL) 
b  1 to 2 cups (150-300mL) 
c  3 to 4 cups (450-600-mL) 
d  More than 4 cups (600mL) 

6. How many glasses of ICED tea, caffeinated or 
decaffeinated, did you drink? 

 
a  NEVER (GO TO QUESTION 7) 

 
b  Less than 1 cup per  f  5–6 cups per week 

month g  1 cup per day 
c  1–3 cups per month h  2–3 cups per day 
d  1 cup per week i  4–5 cups per day 
e  2–4 cups per week j  6 or more cups per day 
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7. Over the past 1 month, did you drink red wine? 
 

a  NO (GO TO QUESTION 8) 
 
b  YES 

 
 

7a. How often did you drink red wine? 
 

b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times  
f  5–6 times per week per day 

 
7b. Each time you drank red wine, how much 

did you usually drink? 
 

a  1-2 glasses (110-220mL) 
b  3-4 glasses (330-440mL) 
c  5-6 glasses (550-660mL) 
d  More than 7 glasses (770mL) 

 
Over the past 1 month….. 
 

8. How often did you drink beer? 
 
a  NEVER (GO TO QUESTION 9) 

 
b  1 time per month or less g  1 time per day 
c  2–3 times per month h  2–3 times per day 
d  1–2 times per week i  4–5 times per day 
e  3–4 times per week j  6 or more times  
f  5–6 times per week per day 

 
8a. Each time you drank beer, how much did you 

usually drink? 
 

a  1 glass to 1 can (110-375mL) 
b  More than 1 to 2 cans (400ml-750mL) 
c  More than 2 to 3 cans (800-1125mL) 
d  More than 3 cans (1125mL) 

 
9. How often did you eat blackberries or 

blackcurrents (fresh, canned, or frozen)? 
 

a  NEVER (GO TO QUESTION 10) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
 
 
9a. Each time you ate blackberries or 

blackcurrents, how many did you usually 
eat? 

 
a  Less than 10 berries 
b  Between 10 and 20 berries 
c  More than 20 berries 

 

 
 
 10. How often did you eat dried fruit, such as   

prunes, raisins or dates ? 
 

a  NEVER (GO TO QUESTION 11) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
10a. Each time you ate dried fruit, how much did 

you usually eat? 
 

a  Less than 2 tablespoons 
b  2 to 5 tablespoons 
c  More than 5 tablespoons 

 
 
11. Over the past 1 month, did you eat strawberries, 

boysenberries, blueberries, or raspberries? 
 

a  NO (GO TO QUESTION 12) 
 
b  YES 
 

 
11a. How often did you eat strawberries, 

blueberries, boysenberries, or 
raspberries? 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week k  2 or more times  
 per day 

 
11b. Each time you ate strawberries,   
blueberries, boysenberries or raspberries, 
how much did you usually eat? 

 
a  Less than ½ cup 
b  ½ to ¾ cup 
c  More than ¾ cup 
 

 
 

Question 12 is on the next page Question 9 continues on the next page 
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12. How often did you eat cranberries, or cherries? 
 

a  NEVER (GO TO QUESTION 13) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
12a. Each time you ate cranberries or cherries, 

how much did you usually eat? 
 

a  Less than ½ cup or less than 10 fruit 
b  ½ to 1 cup or 10 to 30 fruit 
c  More than 1 cup or more than 30 fruit 

 
13. Over the past 1 month, did you eat plums or 

pineapple? 
 

a  NO (GO TO QUESTION 14) 
 
b  YES 

 
 

13a. How often did you eat plums or pineapple ( 
canned or fresh)? 

 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week k  2 or more times  
 per day 

 
13b. Each time you ate either plums or 

pineapple, how much did you usually eat? 
 

a  Less than 1 plum or less than ½ cup 
b  Between 2 – 4 plums or 1-2 cups 
c  More than 4 plums or more than 2 cups 

 
 

 

14. How often did you eat pears? 
 

a  NEVER (GO TO QUESTION 15) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
14a. Each time you ate pears, how much did you 

usually eat? 
 

a  Less than 1 
b  1 to 2 pears 
c  More than 2 pears 

 
Over the past 1 month….. 

 
15. How often did you eat oranges or kiwifruit? 

 
a NEVER (GO TO QUESTION 16) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week k  2 or more times  
 per day 

 
15a. Each time you ate oranges or kiwifruit, how 

much did you usually eat? 
 

a  Less than 1 orange or 2 kiwifruit 
b  1-3 oranges or 2-4 kiwifruit 
c  More than 3 oranges or 4 kiwifruit 

 
Over the past 1 month… 
 

16. How often did you eat bran flakes or whole 
grain (Weet-bix, VitaBrits) breakfast 
cereal? 

 
a  NEVER (GO TO QUESTION 17) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week k  2 or more times  
 per day 

 
16a. Each time you ate bran flakes or whole 

grain breakfast cereal, how many did you 
usually eat? 

 
a  Less than 1 cup 
b  1-2 cups 
c  More than 3 cups 

Question 14 is in the next column 
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17. Over the past 1 month, did you eat All Bran, 
Sultana Bran or Cocoa Krispies (or other 
chocolate cereal) breakfast cereal? 

 
a  NO (GO TO QUESTION 18) 
 
b  YES 
 

 
17a. How often did you eat All Bran, Sultana 

Bran or Cocoa Krispies? 
 

a NEVER 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week k  2 or more times  
 per day 

 
17b. Each time you ate All Bran, Sultana Bran or 

Cocoa Krispies, how much did you usually 
eat? 
a  Less than 1 cup 
b  1-2 cups 
c  More than 2 cups 

 
18. How often did you eat Cornflakes, Rice crispies 

or Grinners breakfast cereal? 
 

a  NEVER (GO TO QUESTION 19) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
18a. Each time you ate Cornflakes, Rice 

crispies or Grinners, how much did you 
usually eat? 

 
a  Less than 1 cup 
b  1 to 2 cups 
c  More than 2 cups 

 

 

Over the past 1 month… 
 
19. How often did you eat artichokes or 
artichoke hearts? 

 
a  NEVER (GO TO QUESTION 20) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
19a. Each time you ate artichokes, how much did 

you usually eat? 
 

a  Less than ½ cup 
b  ½ to 1 cup 
c  More than 1 cup 

 
20. How often did you eat cabbage (red or white)?  
 

a  NEVER (GO TO QUESTION 21) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
 
20a. Each time you ate cabbage (red or white), 

how much did you usually eat? 
 

a  Less than ½ cup 
b  ½ to 1 cup 
c  More than 1 cup 

 
Over the past 1 month… 
 
21. How often did you eat potatoes (such as red 

(Maori) or orange kumera). regardless of cooking 
method? 

 
a  NEVER (GO TO QUESTION 22) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
21a. Each time you ate potatoes, how much did 

you usually eat? 
 

a  Less than 1 medium potato 
b  1-2 medium potatoes 
c  More than 2 potatoes 
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22. How often did you eat spinach ? 
 

a  NEVER (GO TO QUESTION 23) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
22a. Each time you ate spinach, how much did 

you usually eat? 
 

a  Less than ¼ cup 
b  ¼ to 1 cup 
c  More than 1 cup 

 
23. How often did you eat capsicums (red, green or 

yellow)? 
 

a  NEVER (GO TO QUESTION 24) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
23a. Each time you ate capsicum, how much did 

you usually eat? 
 
a  Less than ½ cup 
b  ½ cup to 1 cup 
c  More than 1 cup 

 
24. How often did you eat broccoli (fresh or frozen)? 

 
a  NEVER (GO TO QUESTION 25) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 
 

24a. Each time you ate broccoli, how much did 
you usually eat? 

 
a  Less than ½ cup 
b  Less than ½ cup to 1 cup 
c  More than 1 cup 
 

 

 
Over the past 1 month…. 
 
25. How often did you eat pecans or walnuts ? 
 

a  NEVER (GO TO QUESTION 26) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
25a. Each time you ate pecans or walnuts, how 

much did you usually eat? 
 

a  Less than ¼ cup 
b  ¼ to ¾ cup 
c  More than ¾ cup 

 
Over the past 1 month… 
 
26. Did you eat canned spaghetti, baked beans 

(navy beans) or kidney beans? 
 

a  NO (GO TO QUESTION 27) 
 
b  YES 
 

 
26a. How often did you eat canned spaghetti, 

baked beans or kidney beans? 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week k  2 or more times  
 per day 

 

 
 
 

26b. Each time you ate canned spaghetti, baked 
beans or kidney beans, how much did you 
usually eat? 

 
a  Less than ½ cup 
b  ½ to 1 cup 
c  More than 1 cup 
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27. Over the past 1 month, how often did you eat 
unsweetened cooking chocolate or sugar free 
dark chocolate? 

 
a  NEVER (GO TO QUESTION 28) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
27a. Each time you ate unsweetened cooking 

chocolate or sugar free dark chocolate, 
how much did you usually eat? 

 
a  Less than ¼ cup (fun size bar) 
b  ¼ to 1 cup (standard size bar) 
c  More than 1 cup (1/2 block of chocolate) 

 
28. Over the past 1 month, how often did you eat 

milk chocolate or dark chocolate (not already 
mentioned above)? 

 
a  NEVER (GO TO QUESTION 29) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
28a. Each time you ate milk or dark chocolate, 

how much did you usually eat? 
 

a  Less than ¼ cup (fun size bar) 
b  ¼ to 1 cup (standard size bar) 
c  More than 1 cup (1/2 block of chocolate) 
 

29. How often did you eat chocolate cake or 
chocolate chip cookies? 

 
a  NEVER (GO TO QUESTION 30) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
29a. Each time you ate chocolate cake or 

chocolate chip cookies, how much did you 
usually eat? 

 
a  Less than 1 slice or 3 cookies 
b  1 slice or 3 cookies  
c  More than 1 slice or 3 cookies 

 

30. How often did you eat lasagna with meat (fresh 
or frozen and cooked)? 

 
a  NEVER (GO TO QUESTION 32) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
30a. Each time you ate lasagna with meat, how 

much did you usually eat? 
 

a  Less than 1 cup 
b  1 to 2 cups 
c  More than 2 cups 

 
Over the past 1 month… 
 
31. How often did you eat condensed (tinned) 

tomato soup ? 
 

a  NEVER (GO TO QUESTION 33) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 

 
31a. Each time you ate condensed (tinned) 

tomato soup, how much did you usually 
eat? 

 
a  Less than 1 cup 
b  1 to 2 cups 
c  More than 2 cups 

 
32. How often did you eat chocolate ice-cream (full, 

reduced or low fat)? 
 

a  NEVER (GO TO QUESTION 33) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
32a. Each time you ate chocolate ice-cream, 

how much did you usually eat? 
 

a  Less than 1 cup 
b  1 to 2 cups 
c  More than 2 cups 
 
 

Question 33 continues on the next page 
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33. How often did you consume milk (full, reduced or 
low fat)? 
a  NEVER (GO TO QUESTION 34) 

 
b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
33a. Each time you consumed milk, how much 

did you usually eat? 
 

a  Less than 1 cup  
b  1 to 2 cups  
c  More than 2 cups  

 
34. How often did you drink flavoured milk or eat 

yoghurt (full or reduced fat)? 
 

a  NEVER (GO TO QUESTION 35) 
 

b  1–6 times per year g  2 times per week 
c  7–11 times per year h  3–4 times per week 
d  1 time per month i  5–6 times per week 
e  2–3 times per month j  1 time per day  
f  1 time per week  k  2 or more times per day 

 
34a. Each time you drank flavoured milk or ate 

yoghurt how much did you usually 
consume? 

 
a  Less than 1 cup  
b  1 to 2 cups  
c  More than 2 cups  

 
35. Please mark any of the following single herbs 

and spices you consumed more than once per 
week either fresh or dried: 

 
a  cinnamon 
b  cloves 
c  oregano leaf 

 
d  ginger 
e  mustard seeds 
f  tumeric 

 
Over the past 1 month… 
 
36. How many servings of fruit (not including juices) 

did you eat per week or per day? 
 

a  Less than 1 per week f  2 per day 
b  1–2 per week g  3 per day 
c  3–4 per week h  4 per day 
d  5–6 per week i  5 or more per day 
e  1 per day  

 

 
The next questions are about your use of 
antioxidant or vitamin pills. 
 
37. Over the past 1 month, did you take any 

multivitamins, such as One-a-Day-, Theragran-, 
or Centrum-type multivitamins (as pills, liquids, or 
packets)? 

 
a  NO (GO TO QUESTION 38c) 

 
b  YES 

 
 

38. How often did you take One-a-day-, Theragran-, 
or Centrum-type multivitamins? 

 
a  Less than 1 day per month 
b  1–3 days per month 
c  1–3 days per week 
d  4–6 days per week 
e  Every day 

 
38a. Does your multivitamin usually contain 

antioxidants (such as vitamin C, vitamin E 
or selenium.)? 

 
a  NO 
b  YES 
c  Don't know 

 
38b. For how many years have you taken 

multivitamins? 
 

a  Less than 1 year 
b  1–4 years 
c  5–9 years 
d  10 or more years 

 

 
 

38c. Did you take any vitamins, minerals, or other 
herbal supplements other than your 
multivitamin? 

 
a  NO (GO TO QUESTION 44) 

 
b  YES (GO TO INTRODUCTION TO 

QUESTION 39.) 
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These last questions are about the vitamins, 
minerals, or herbal supplements you took that are 
NOT part of a One-a-day-, Theragran-, or 
Centrum-type of multivitamin. 
 
Please include vitamins taken as part of an 
antioxidant supplement. 
 
39. How often did you take Beta-carotene (NOT as 

part of a multivitamin in Question 38)? 
 

a  NEVER (GO TO QUESTION 40) 
 
b  Less than 1 day per month 
c  1–3 days per month 
d  1–3 days per week 
e  4–6 days per week 
f  Every day 

 
39a. When you took Beta-carotene, about how 

much did you take in one day? 
 

a  Less than 10,000 IU 
b  10,000–14,999 IU 
c  15,000–19,999 IU 
d  20,000–24,999 IU 
e  25,000 IU or more 
f  Don't know 

 
39b. For how many years have you taken Beta-

carotene? 
a  Less than 1 year 
b  1–4 years 
c  5–9 years 
d  10 or more years 
 

 
 
40. How often did you take Vitamin A (NOT as part 

of a multivitamin in Question 38)? 
a  NEVER (GO TO QUESTION 41) 
 
b  Less than 1 day per month 
c  1–3 days per month 
d  1–3 days per week 
e  4–6 days per week 
f  Every day 

 

40a.  When you took Vitamin A, about how much 
did you take in one day? 
 
a  Less than 8,000 IU 
b  8,000–9,999 IU 
c  10,000–14,999 IU 
d  15,000–24,999 IU 
e  25,000 IU or more 
f  Don't know 

 
40b. For how many years have you taken 

Vitamin A? 
 

a  Less than 1 year 
b  1–4 years 
c  5–9 years 
d  10 or more years 

 
41. How often did you take Vitamin C (NOT as part 

of a multivitamin in Question 38)? 
 

a  NEVER (GO TO QUESTION 42) 
 
b  Less than 1 day per month 
c  1–3 days per month 
d  1–3 days per week 
e  4–6 days per week 
f  Every day 

 
41a. When you took Vitamin C, about how much 

did you take in one day? 
 

a  Less than 500 mg 
b  500–999 mg 
c  1,000–1,499 mg 
d  1,500–1,999 mg 
e  2,000 mg or more 
f  Don't know 

 
41b. For how many years have you taken Vitamin 

C? 
 

a  Less than 1 year 
b  1–4 years 
c  5–9 years 
d  10 or more years 

 
Over the past 1 month… 
 
42. How often did you take Vitamin E (NOT as part 

of a multivitamin in Question 38)?  
 

a  NEVER (GO TO QUESTION 43) 
 
b  Less than 1 day per month 
c  1–3 days per month 
d  1–3 days per week 
e  4–6 days per week 
f  Every day 

 

Question40 continues in the next column 
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42a.  When you took Vitamin E, about how much 
did you take in one day? 

 
a  Less than 400 IU 
b  400–799 IU 
c  800–999 IU 
d  1,000 IU or more 
e  Don't know 

 
42b. For how many years have you taken 

Vitamin E? 
 

a  Less than 1 year 
b  1–4 years 
c  5–9 years 
d  10 or more years 

 
43. How often did you take selenium (NOT as part 

of a multivitamin in Question 38)?  
 

a  NEVER (GO TO QUESTION 44) 
 
b  Less than 1 day per month 
c  1–3 days per month 
d  1–3 days per week 
e  4–6 days per week 
f  Every day 

 
43a. When you took selenium, about how much 

did you take in one day? 
 

a  Less than 20 μg 
b  21–100 μg 
c  101–200 μg 
d  201 μg or more 
e  Don't know 
 

 
43b. For how many years have you taken 

selenium? 
 

a  Less than 1 year 
b  1–4 years 
c  5–9 years 
d  10 or more years 

 
 
 

 
 

The last two questions ask about usual eating 
patterns and meal quantity. 
 
44. Please mark which of the following best 

describes your usual eating patterns: 
 

 
 1  3 meals and 3 snacks 
 2  3 meals and 2 snacks 
 3  2 meals and 3 snacks 
 4  2 meals and 2 snacks 
 5  5 snacks 
 6  No set meal pattern 

 

 
45. Please mark which of the following best 

describes your usual meal size. 
 

 
1  < 1 cup  
2  >1 to 2 cups 
3  >2 to 3 cups 
4  >3 to 4 cups 
5  >5 cups 

 

 
 
 
 

 
 
 
 
 
 

 
Thank you very much for completing this 
questionnaire! Because we want to be able to use 
all the information you have provided, we would 
greatly appreciate it if you would please take a 
moment to review each page making sure that you: 

 
• Did not skip any pages and 

• Crossed out the incorrect answer and circled the 
correct answer if you made any chang

Question 42 options appear on the next page    
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10.7 Appendix 7 

 
 

Food Diary 
Week:___________ 
 
Name:_______________________     Sex: M / F 
  
Date:  /  /        
Day:(eg. Sun, Mon) ____________     Age:_____ 

 
Please Remain as Accurate As Possible!!  

 
Time Food Type / Brand (if known)  Quantity (eg. grams or number of items)  
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10.8 Appendix 8 
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10.9 Appendix 9 
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