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Abstract
Evaluating the level of body antioxidants may reveal a more or less severe oxidative stress condition in either healthy people or subjects with pathologies, and can be suggestive for suitable dietary interventions to possibly affect it. In this work taking advantage from the Raman spectroscopic technology to measure the level of skin carotenoids in a simple and non-invasive manner, healthy people (age 15 to 70, n=155) and women who had surgery for breast cancer (BC) (age 38 to 76, n=71) have been screened to assess to what extent an increased intake of fruit and vegetables (healthy people and patients), associated with diets based on a classical Mediterranean style and that did not include sugared drinks, alcoholic beverages, animal fats and processed meat (patients), might affect the individual antioxidant status. Our data clearly showed that in healthy individuals an optimal body redox state, as expressed by the skin carotenoid score (SCS), positively correlated with the intake of fruit and vegetables, but was inversely correlated with body mass index (BMI), an acknowledged risk factor for cardiovascular disease and cancer. Daily supplements of fruit servings, fresh orange juice in particular, ameliorated significantly the SCS, i.e. decreased the individual oxidative stress. Findings from BC women, monitored for three years (2011-2014), showed that the patients had a significant increase of SCS as strictly adhered to the Mediterranean dietary regimen, again with a higher SCS associated with a lower BMI. 

Controlling platelet aggregation may prevent thrombotic vascular events. Assessment of platelet aggregation under conditions mimicking a currently prescribed dual antiplatelet therapy, with the use of a novel aggregability assay, has been carried out as a preliminary study to eventually examine the potential modulatory activity of phytochemicals. Our data suggest that the utilized set-up can be an useful approach for further investigation on either whole extracts or purified compounds from Mediterranean vegetal species.
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1. Introduction

1.1 Premises and aims of the study

Oxygen plays a vital role in human life and other living organisms. Aerobic organisms,  need oxygen for breathing processes and their metabolism. Oxygen is used as an electron acceptor at the end of the mitochondrial  respiratory chain  to generate chemical energy. An electron (e-) and a proton (H+) are removed from reduced redox cofactors such as nicotinamide adenine dinucleotide (NADH), then the electron is transferred to the first component of the respiratory chain, and the proton is released into the surrounding fluid. During this reaction, NADH is oxidized to NAD+ and the component that accepts electrons is reduced. The NAD+ can be used again to accept new hydrogen atoms that are generated during oxidation of nutrients. Electrons moving through the respiratory chain are transferred from a component to another to generate sufficient energy to produce molecules of ATP. Molecular oxygen can accept a total of four electrons and the corresponding number of protons to generate two molecules of water. Though oxygen is normally completely reduced, moderate amount of  different oxygen radicals are formed during this process. 
Reactive oxygen species (ROS) are highly reactive molecules or atoms having one or more unpaired electrons (1,2) and formed in cells as a consequence of aerobic energy metabolism. In addition to catabolic reactions, reactive species are generated by the reaction of NADPH oxidase. In cells, free radicals like superoxide anion radical (O2.-), hydrogen peroxide (H2O2), hydroxyl radical (HO.), peroxynitrite (NOO.) are derived from oxygen and/or nitrogen and are known as reactive oxygen/nitrogen species (ROS/RONS). 

Living organisms produce low or moderate concentrations of these compounds, in physiological cell processes, like defence against infectious agents and in the activation of  cellular signalling network as observed during induction of a mitogenic response (3). Generally, the formation of free radicals is not dangerous due to either enzyme or non enzyme resources, known as antioxidant defences, that remove these oxidant species. When there is an overproduction of ROS, an imbalance between oxidants and antioxidants occurs. Endogenous antioxidant enzymes such as superoxide dismutas, glutathione peroxidase, catalase, reducing molecules such as glutathione, and exogenous molecular antioxidants such as vitamin E, vitamin C, vitamin A cannot neutralize the excess oxidants resulting in oxidative stress (1,2). Various environmental factors, such as air pollutants, ionizing radiation, UV light, cigarette smoke or inflammation induce ROS production thus damaging cell lipids, proteins and DNA. This in turn can bring about cell death or remarkable alteration of their normal function (4-6),  and also activation of several stress-induced transcription factors, with production of proinflammatory and anti-inflammatory cytokines (7-9). Oxidative stress contributes to outset and development of many pathologies, including various types of cancer, atherosclerosis, cardiovascular disease, chronic inflammation, neurological disorder (10-13). 

Monitoring individual oxidative stress status in healthy as well as subjects with pathologies may be used to prevent or slow down onset and development of disease,  improve our understanding of disease pathogenesis and allow development of new therapeutic strategies. Numerous epidemiological studies have shown that dietary consumption of fruit and vegetable plays a protective role on health and  is associated with a lowered risk of cancer, heart disease and stroke (14-16). These properties have appeared to be linked to the presence of phytochemicals generally acting in maintaining the appropriate cell redox balance through diverse mechanisms including antioxidant activity.  

Apart the antioxidant vitamins A, C and E, and carotenoids, a ever increasing number of redox-active phytochemicals including polyphenols, have been considered to have a positive effect on human health. Although they are not considered essential nutrients and are present in small amount, current research is showing that plant phytochemicals play important protective roles in many chronic and age-related diseases. In this context, a number of studies have shown that the traditional Mediterranean diet, including large amounts of plant foods and derivatives, such as fruits, vegetables, olive oil, red wine, legumes, has to be considered the preferred dietary program and plays an important role in the prevention of human disease and maintaining of good health; the bioactive phytochemicals indeed appear to work in concert to help and protect from diseases (17-20). 

There are thousands phytochemicals in fruits and vegetables, and most of them are coloured compounds.  Some well-known ones are:

· Flavonoids are reddish pigments, found   in red grape skins and citrus fruits.

· Isoflavones can be found in peanuts, lentils, soy, and other legumes.

· Carotenoids which include yellow, orange, and red pigments in fruits and vegetables

They can work in different ways to improve health. Though each of them may have a particular activity and mechanism of action, it is important to understand that when introduced in a dietary context they become part of a pool of molecules and act all together (21).
Due to the importance of reducing antioxidant activity of either endogenous or exogenous compounds in cell functioning and well being, measuring the total body antioxidant status has appeared as a tool to provide indication on the individual capacity to maintain a proper redox balance. 

In clinical and research settings, carotenoids in blood or in tissues may be detected following dietary intake (22). In addition, a study demonstrated that the serum level of carotenoids is predictive of the serum level of other antioxidants (23, 24).  Therefore, plasma carotenoids may be a suitable indicator of the total antioxidant status (25). However, measurement of carotenoids in plasma is an invasive method and needs a long time to proceed. 

In these years, new methodologies have been developed using an in vivo novel and non invasive optical method, based on the Raman resonance spectroscopy (RRS) to measure carotenoids in the skin. RRS is a spectroscopic technique using visible light  at low intensity radiation (471.3 – 473 nm) that interacts with carotenoids in the skin; thus the energy of the reflected light is shifted to higher wavelength, in the green region. Carotenoid molecules, with their conjugated double bonds, possess vibrational/rotational features and generate strong and unique Raman signals. These properties allow detection and quantification of carotenoids in skin (26), as well as in oral mucosa (27), and in macula lutea (23,24). Importantly, other studies have shown the validity of RRS measurement of carotenoids in skin and its significant correlation to total carotenoid content measured by high- performance liquid chromatography (HPLC), which however requires invasive  collection of skin samples (28). Other authors have shown that skin carotenoid levels, measured by RRS are significantly correlated to levels of carotenoids in the diet and blood (26-29); for these reasons, RRS is now  considered a  non-invasive, rapid, accurate, and safe assessment of carotenoid levels in the skin (26-27) and appears to reflect the blood level of carotenoids. Therefore, Raman spectroscopy  is a valid, simple and non invasive technique to be used in humans and can have applications for assessing the antioxidant status of healthy individuals as well as for diseases related to oxidative stress. This technique is easy to use and applicable to epidemiological studies. In addition, the assessment of antioxidant status may suggest  dietetic interventions when necessary. 

In this study a portable Raman spectroscope has been used to measure  carotenoid levels in the skin of healthy volunteers and women operated for breast cancer (BC), from the DIANA (Diet And Androgens) cohort. Different epidemiological studies suggest a protective effect of vegetables and fruits on BC risk (30-32). In this context, the purpose of our study was to monitor the level of carotenoids in the skin of BC patients as a biomarker of the entire antioxidant status (27) and ascertain whether positive changes occurred after adoption of a dietary intervention based on Mediterranean Diet. The latter is adopted to lose weight, reduce body mass index (BMI) and waist circumference. Indeed, improvement of  these anthropometric measurements are associated with a decrease in breast cancer risk (33). On these basis, our RRS measurements of skin carotenoids have first been correlated to fruit and vegetable consumption. In addition, relationship between skin carotenoids and risk factors contributing to chronic disease (waist circumference, overweigh, obesity) have been analyzed.
1.2  Carotenoids as biomarker of fruit and vegetable intake

Carotenoids are natural pigments with polyisoprenoid structure and conjugated chain of double bond that contribute to yellow, orange and red pigmentations of plants and fruits (34-35). They are important constituents of photosynthetic organelles present in all higher plants, mosses, ferns and algae, and in photosynthetic membranes of phototropic bacteria and cyanobacteria (36). In plants, they are involved in photosynthesis and in photoprotection. Carotenoids are not synthesized by humans and animals, however they occur in their blood and tissues. More than 700 carotenoids have been identified in nature (37). Among them, about 50 are present in a typical human diet (38), however only 20 carotenoids are been identified in human blood and tissues (39). The most important ones include beta-carotene, alpha-carotene, lycopene, lutein, zeaxanthin, beta-cryptoxantin, alpha-cryptoxantin, gamma carotene, phytoene, phytofluene, neurosporene, carotene (Figure 1), all present in human plasma (38-40). These antioxidants having characteristic of lipophilic molecules exist in many tissue, including the stratum corneum of skin, the sole of foot, forehead, and palm of hand (30). 
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Figure 1. Chemical structure of major carotenoids present in human blood.
Alpha-carotene, beta-carotene, beta-cryptoxanthin, lutein, lycopene, and zeaxanthin are the most common dietary carotenoids. Alpha-carotene, beta-carotene and beta-cryptoxanthin are provitamin A carotenoids and therefore, they can be converted to retinol by the body (Figure 2). Lutein, lycopene, and zeaxanthin cannot be converted to retinol, so they haven’t vitamin A activity (Figure 3). 
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Figure 2. Vitamin A and provitamin A carotenoid chemical structures.
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Figure 3. Carotenoids with no vitamin A activity.
Orange vegetables and fruits, including carrots, sweet potatoes, winter squash, pumpkin, papaya, mango, and cantaloupe, are rich sources of the carotenoid B-carotene. Tomatoes, watermelons, pink grapefruits, apricots, and pink guavas are the most common sources of lycopene. Dark green vegetable contain lutein . 

Carotenoids have lipophilic characteristics and for this reason, they are very efficient physical and chemical quenchers of singlet molecular oxygen (O2) and peroxyl radicals generated in the process of lipid peroxidation (41-42). These antioxidant molecules are also known as scavengers of other reactive oxygen species (ROS), thus playing a protective role in a number of ROS-related chronic diseases. Furthermore, it is known that hydrophilic ascorbic acid (vitamin C), hydrophobic alpha-tocopherol (vitamin E) and beta carotene can act synergistically to give cell  protection against different free radicals. Carotenoids are also involved to quench free radical species generated  in the skin exposed to UVA and causing skin damage (43). Indeed several studies have shown the protective effects of carotenoids against premature skin photoaging (44).  

Different epidemiological studies and clinical trials have clearly shown that an increased intake of fruit and vegetables rich of carotenoids is inversely related to the risk of chronic diseases such as certain types of cancer, cardiovascular disease, and metabolic syndrome (45-46). Accordingly, several in vitro and in vivo studies have reported that beta carotene and other carotenoids inhibit cancer cell growth (47). In recent years, extensive research has revealed important roles of lycopene, beta carotene and some other carotenoids in human health (25). Carotenoids are also involved  in: (i) immune system stimulation; (ii) cell cycle and apoptosis regulation; (iii) growth factors modulation; (iv) cell differentiation; (v) modulation of various  types of receptors or adhesion molecules (48).

Different factors such as genetic factor, nutritional status, infection, gender and aging   influence bioavailability of carotenoids (49,50). Interactions with drugs (e.g., aspirin and antibiotics) are associated with a decreased b-carotene availability (51). Other studies  show that the interaction of different types of carotenoids with other food components may influence absorption, metabolism and serum clearance of these molecules (51,52). 

The level of carotenoids in blood and skin can be regarded as a biomarker of fruit and vegetable intake and used in nutritional studies. The gold standard procedure to measure carotenoids in skin or in blood is extraction followed by high performance liquid chromatography (HPLC) (26,53). Relatively high concentrations of carotenoids accumulate in human skin, where their level is quite stable. However, skin carotenoids HPLC measurement requires tissue biopsy and is then highly invasive. On the other hand, blood measurement of these antioxidants are indicative of short-term dietary intake of carotenoids and does not provide the state of tissue accumulation. 

Recently, a novel non invasive optical technology based on Raman spectroscopy has been  validated as a method to quantify carotenoids in the skin in vivo. These skin measurements are predictive of the antioxidant status, without the inconvenience of invasive methods (26,53), which makes this technology suitable for epidemiological, nutritional or clinical studies, with healthy as well as with patients and subjects that have risk to develop disease. 
1.3. Resonance Raman spectroscopy for the detection of carotenoids in skin and influence of the nutrition on the antioxidative  status.

A novel optical method, based on the Raman resonance spectroscopy (RRS), allows measurement of  carotenoids in skin, using a small probe with a blue wavelength laser ( =473nm). RRS is a type of laser spectroscopy that interacts with molecules having  vibrational and rotational characteristics, such as carotenoids. When light irradiates molecules having conjugated double bonds, most of  them are scattered elastically. The elastically scattered light has the same frequency as the incident light, and it is called Rayleigh Scattering. However, a small amount of light is scattered inelastically, and it is termed Raman Scattered light, that owns a frequency shift  respect to the incident light. The frequency shift corresponds exactly to the vibrational and rotational energy transitions of these molecules. 
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Figure 4. Energy level diagram representing Quantum Energy Transitions for Rayleigh Scattering and Raman Scattering.
Carotenoids are capable of absorbing strongly in the blue wavelength region and emitting in the green region. The Raman spectrum gives a spectral fingerprint of the molecules, and the intensity of the Raman peak is directly related to the concentration of molecules. The use of RRS for the measurement of carotenoids in human tissues in vivo has been developed and validated in several reports. A study showed a highly significant correlation between carotenoid measurement in the skin by Raman spectroscopy and carotenoid serum level (54,55), thus validating the Raman spectroscopy as a method to assess these compounds in skin. Other studies demonstrated a significant correlation between skin carotenoid levels measured by Raman spectroscopy and dermal carotenoids quantified by HPLC method (26). All these studies have validated Raman technology as a method to assess carotenoids in the skin in vivo, and also predict the individual antioxidant status (55) without the inconvenience of blood collection.
To monitor the  skin carotenoid levels  the Biophotonic Scanner S2 (PharmanexR, NuSkin, USA) was used in the present work.
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Figure 5. Biophotonic Scanner S2 (Pharmanex ®, NuSkin, USA)
This instrument measures carotenoid levels in the 0.1 mm stratum corneum of the hand skin. The scanner emitted a low intensity 473 nm radiation that interacts with the skin carotenoids. A unique fingerprint spectrum with a peak at 510 nm is generated by carotenoids and therefore this scattered light is captured by a highly sensitive light detector that converts the Raman intensity in counts [skin carotenoids score, SCS] from 0 to 80,000 reported on a computer screen, and represented on a colour scale from red (low  SCS) to blue (high  SCS). SCS can be converted to laboratory measurement  using the equation  Y = 12703 * X + 5891.7;  where “Y” is SCS and “X” is the carotenoid expressed as micrograms/ml of serum. Thus, for example, a SCS value of 25,000 units on the SCS scale represents 1.5 g of carotenoid/ml of blood or serum (source: Nuskin/Pharmanex).

The normal concentration of blood beta-carotene is around 0.40 M.

The SCS can provide evidence of the individual redox balance  status, which in turn may be related to consumption of suitable amounts of antioxidants, especially those of  fruits and vegetables. Different factors including erratic lifestyle, intensive physical activity, physical and psychological stress, and exposure to sun, toxins and pollution are known to lower the content of antioxidants. Variations of SCS may also be influenced by the genetic ability to absorb carotenoids. On the other hand, antioxidant status can be significantly improved by increasing daily assumption of fruits and vegetables (5 servings per day, according to World Health Organization (WHO) criteria).  
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Figure 6: Representation of skin carotenoid score (SCS) index.
In conclusion, RRS is a valid and rapid technique for non invasive measurement of carotenoids in skin and for these reasons may be used as a simple method to monitor nutritional and antioxidant status in humans, and is suitable for epidemiological studies. 

1.4 Mediterranean Diet may improve obesity, chronic degenerative pathologies and reduce risk of cancer.

Until the last decades of the 19th century, developed countries were still characterized by poverty and malnutrition, except for Greece, South Italy, Spain and other countries in the Mediterranean region that observed Mediterranean Diet, based on high consumption of olive oil, grains, fresh fruits and vegetables, nuts, legumes and fish, and low consumption of red meats and other fats. During the 20th century, the development of industrial productivity carried out an important reduction of malnutrition and a change of lifestyle, and obesity became a condition associated with high socioeconomic status and a public health problem of the developed world, primarily the USA and Europe. 

Obesity is defined as an excess of body adiposity that may have a negative effects on health. People are considered obese according to their body mass index (BMI), a value obtained by dividing weight by the square of height; a value exceeding 30 kg/m2 defines obesity, while in the range of 25-30 kg/m2  is considered overweight, for both men and women (56). Excess adiposity and weight are major risk factors for cardiovascular disease (CVD), hypertension, chronic inflammation, insulin resistance, type 2 diabetes and some type of cancer (57,58). In particular, epidemiological studies show that obesity is directly related to mortality from colon cancer in men, and from breast cancer predominantly in post-menopausal women. In addition, in women, evidence has been provided that a high waist circumference (WC) is associated with an increased risk for CVD, type 2 diabetes, dyslipidemia, and hypertension (59,60). 

The term Metabolic Syndrome (MS) is used to define  a cluster of dysmetabolic traits, such as abdominal obesity (WC > 88 cm), high tryglicerides (>150 mg/ 100 ml serum), low HDL cholesterol (< 50 mg/100 ml serum),  hypertension (systolic blood pressure, SPB > 130 and diastolic blood pressure, DPB > 85 mm Hg)  and hyperglycemia (>110 mg/100 ml serum) (61). MS can also include hyperinsulinemia, insulin resistance, chronic inflammation, non-alcoholic fatty liver disease and high androgen levels (62). In different epidemiological studies, MS has been associated with BC risk (63). Generally, women with MS have three or more traits and have a significantly higher risk of BC than women without MS, and in this context, obesity represents a higher risk factor for both MS and BC after menopause (64,65). The risk of metastases also appeared significantly higher in patients with MS than in patients without dysmetabolic traits (66), because each trait was associated with an increased risk; for example large waist circumference predicts worse prognosis (67,68). Obesity, and particularly abdominal obesity, is associated with higher serum levels of sex hormones, insulin and somatomedin (Insulin-like Factor 1, IGF-I). Abdominal obesity is also associated with a chronic inflammatory status, and several studies showed an association of high levels of C-reactive protein (CRP) with poor prognosis (69-71). MS is a reversible condition associated with sedentary lifestyle, and a diet characterized by high glycaemia or fat index food, energy drinks, salt and alcohol. In this context, the Mediterranean Diet, characterized by consumption of olive oil, whole grain, fruits, vegetables, nuts, cereals and legumes and low in animal fat, can reduce MS parameters (67,72).  Diet may influence prognosis for BC diagnosis (73) and reduce cardiovascular risk (20). However, only a few epidemiological studies have investigated the role of diet in BC and mortality for this disease. Cohort studies showed a significantly reduction of BC associated with higher plasma concentration of carotenoid or dietary intake of beta-carotene, vitamin C and vegetables (74, 75).

In our three years study, we used a Raman spectroscope to measure carotenoid levels in the skin in healthy volunteers and women operated for breast cancer belonging to the DIANA-5 study (Diet and Androgens). Different epidemiological studies suggest a protective effect of vegetables and fruits on BC risk (25,32). DIANA study is a randomized controlled trial based on traditional Mediterranean and macrobiotic recipes and moderate physical activity. This behaviour allows a significant decrease of the serum level of sex hormones, insulin and IGF-I, weight loss, and reduction of waist circumference, which may reduce additional breast cancer events and the risk of metastasis (31). The DIANA multicenter study involved 2,092 patients recruited between 2008 and 2012 in eleven Italian centres 0-5 years after surgical treatment, who were followed up to the end of 2013 for BC related events, including BC-specific mortality, distant metastasis, local recurrences and controlateral BC.
In this context, in the present study the level of skin carotenoids as biomarker of the global antioxidant status (76) was monitored in 71 women among the 391 DIANA study subjects recruited at the Department of Oncology ARNAS Ospedali Civico e Benfratelli G. Di Cristina and M. Ascoli, Palermo, Italy. We wanted to investigate whether the adoption of dietary intervention based on Mediterranean Diet may improve redox status, and anthropometric measurements associated with breast cancer risk (77). On this basis, RRS measurements were first correlated with fruit and vegetable consumption. In addition, relationships between skin carotenoids and risk factors contributing to chronic disease (WC, overweigh, obesity) have been analyzed.

Since the Raman spectroscopy measurements of antioxidant status are not invasive, the compliance was optimal and measurements were usually carried out. Moreover, after the first measurement, any eventual improvement worked as a stimulus for each subject to increase servings of fruits and vegetables.

1.5 Platelet Aggregability. Potential modulatory activity of redox-active phytochemicals.

Platelets play a key role in haemostasis and thrombosis. They may also contribute to several physiologic and pathologic processes, such as inflammation, anti-microbial defence, and tumor growth and metastasis (78). Haemostasis is a physiological process that arrests blood loss from damaged blood vessels, thus being essential to life. Under certain circumstances, however, this process can result in adverse clinical events such as thrombotic occlusion of a vessel. Thrombosis is the pathological formation of “haemostatic” plug in the absence of bleeding. Under normal and healthy conditions, circulating platelets keep the integrity of vascular system (79) and contribute to maintain blood fluidity. In pathological conditions associated with cardiovascular risk, such as diabetes mellitus, hypercholesterolemia, smoking and hypertension, an increase in platelet activity, aggregability and adhesiveness has been observed (80-82). Under these circumstances, platelets may finally become activated at the level of injured areas of endothelial cells, where early formation and rupture of atherosclerotic plaque may occur, starting the cascade of events culminating in a rapid thrombus formation. This can result in a number of severe consequences from angina to peripheral artery disease and stroke. In this scenery, maintaining a healthy status of platelets, thus preventing their activation and aggregability, has been deemed beneficial to prevent arterial thrombosis (83-85).

Overproduction of reactive oxygen species may have an important role in thrombotic events because of either direct or indirect platelet activation. Indeed oxidative stress is an important mediator of both abnormal platelet function and dysfunctional endothelial-dependent vasodilation in setting of cardiovascular disease. Excess superoxide production drive further platelet activation and recruitment leading to greater thrombus formation (86). All this body of knowledge suggests that platelet protection by redox active phytochemicals may play a role in the widely acknowledged beneficial effects of green food in preventing and delay development of atherogenesis and cardiovascular diseases. 

A number of studies  focussed on the importance of antioxidants in regulating platelet function. Antioxidants may indirectly inhibit aggregation of platelets through scavenging activity of reactive oxygen species (87,88). A decrease of antioxidant content in human platelets is associated with enhanced platelet activation responses (88). Vitamin E may provide cardiovascular protection. One study shows that platelets incorporate vitamin E both in vitro and in vivo which causes a significant dose-dependent inhibition of platelet aggregation in response to agonists such as arachidonic acid (89). Other studies have proved that flavonoids prevent platelet aggregation (antithrombotic effects),  modify eicosanoid biosynthesis (anti-inflammatory responses) and protect low-density lipoprotein from oxidation for prevention of atherosclerotic plaque formation (90). A dual antiplatelet therapy is often prescribed against thrombotic vascular events. Thus it may be interesting to study interaction of phytochemicals and antiplatelets agents in the control of platelet aggregation. 

The aggregation of platelets can be assessed in plates of 96 wells, using a modified light transmission method, first described by Warner et al. (91,92). Application of this innovative technique might help to investigate the effects of active components of fruits on human platelet responses and potential mechanisms of protective effects. Fruit extracts or purified components may be tested on isolated platelets in appropriate conditions and other ex vivo research may be carried out on aggregability of platelets before and after a period of controlled dietary regimen in accordance with the classical Mediterranean Diet. 

2. Subjects and Methods

2.1 Measurement of carotenoids in skin
A portable Raman spectroscopy, Pharmanex® Biophotonic Scanner S2 (NuSkin, USA) measures carotenoids in the 0.1 cm stratum corneum of the skin of the hand and provided information on the  redox state in healthy subjects and patients. 

The scanner emitted a low intensity, 473 nm radiation that interacts with the skin carotenoids. The scattered light is detected at 510 nm by the scanner, that converts  the Raman intensity in counts [skin carotenoids score, SCS]. A computer then analyze the scanner signal and converts in a coloured scale  going from red  (< 19,000 low SCS)  to blue ( > 50,000 high  SCS). 

2.2 Subjects and experimental protocol (healthy population).

Healthy volunteers, 62 male and 93 female, aged 15 to 70 (32.73 + 12.57) were enrolled in the present study, after informed consent. A baseline questionnaire including demographic data (age, sex, weight, height, body mass index) and usual amount of fruit and vegetable intake was filled in. The food frequency questionnaires included information about daily or weekly servings of fruits and vegetables. Fruit and vegetable intakes were grouped in  3 categories as follows: low intake (<2 servings per week), moderate intake (2 to 4 servings per week) and high intake (> 1 serving per day). In accordance with the definition of the United States Department of Agriculture (USDA) a serving size for vegetables or  fruit has to be equal to about one-half cup, except for greens like spinach and lettuce, which have a serving size equal to one full cup. Other focal points of interview  were the possible state of mental stress, alcohol consumption, smoking, inflammation state, correctly noted. Subjects did not take any supplement or drugs.

During the day of the SCS measurements, the volunteers can’t use dermatological or cosmetic products containing antioxidants during the measurements. All measurements were performed in duplicate.

2.2.1 Effect of consumption of fresh orange juice on SCS of healthy subjects.

Fresh oranges (Cultivar Valencia) were used to extract juice. Healthy volunteers from the faculty of Agriculture of the University of Palermo were invited to participate in this study. 

Healthy subjects recruited, 19 male and 17 female, aged 15 to 66 (38.75 + 11.12) received information about the study design and a baseline measurement was carried out for each subject. A baseline questionnaire including demographic data (age, sex, weight, height, BMI) and amount of fruit and vegetable intake were recorded, and state of stress, alcohol consumption, smoking, inflammatory state, were correctly noted. Exclusion criteria used were the use of vitamin supplements, medications, and vegetarian or other restrictive dietary requirements. Each Volunteer consumed 500 ml of fresh orange juice every day for two weeks. Participants were required not to change lifestyle and diet for the period of study, after which a second measurement was carried out. All measurements were performed in duplicate.

2.3 Subjects and experimental protocol (DIANA study).
391 Patients surgically treated for BC in the previous 5 years, who had not developed distant metastasis or second primary BC, in the last 5 years, were enrolled into DIANA-5 (Diet and Androgen-5) study at the Department of Oncology ARNAS Ospedali Civico e Benfratelli G. Di Cristina e M. Ascoli, Palermo, Italy. DIANA-5 study is a randomized dietary intervention in postmenopausal women with high risk factors for BC or recurrences, based on traditional Mediterranean Diet and moderate physical activity, aimed at reducing additional breast cancer events. Dietary intervention prescribed consumption of seasonal vegetables and fruits, unrefined grains, legumes, olive oil, whereas sugared drinks, alcoholic beverages and processed meat were forbidden. For these reasons, before randomization, all participants received the WCRF guidelines for the prevention of cancer through a correct diet and physical activity.

Table 1.WCRF/AICR 2007 recommendations


• Be as lean as possible within the normal range of body weight

• Be physically active as part of everyday life

• Limit consumption of energy-dense food & avoid sugary drinks

• Eat mostly food of plant origin, with a variety of non-starchy vegetables

and fruit every day and unprocessed cereals and/or pulses

within every meal

• Limit intake of red meat & avoid processed meat

• Limit alcoholic drinks

• Limit consumption of salt & avoid mouldy cereals or pulses

• Aim to meet nutritional needs through diet alone

• Mothers to breastfeed; children to be breastfed

• Cancer survivors: follow the recommendations for cancer prevention


WCRF, World Cancer Research Fund; AICR, American Institute of Cancer Research.

The intervention diet was expected to reduce level of sex hormones, insulin and IGF-I, reduce weight and waist circumference, both risk factors associated with breast prognosis and  may reduce additional breast cancer events and the risk of metastasis (32). All patients with one or more of high risk traits (metabolic syndrome, Estrogen Receptor, ER negative tumor, high serum testosterone or insulin level) were randomly assigned to A) control (green) group or B) an active intervention (blue) group (33). Green group received only WCRF/AICR recommendations, whereas the blue group, received WCRF/AICR recommendations, and also participated  in kitchen courses and physical exercise sessions. 

In 2011, 38 women from the intervention group, aged 38 to 76, and 33 women from control group, aged 39 to 73 were invited for measurement of skin carotenoid score (SCS), and at the same time anthropometric parameters (height, weight, waist circumference) were collected. As a reference, a group of 37 healthy women, aged 34 to 66 years who usually consumed high amount of fruit and vegetables have been considered. All participants filled in a questionnaire including demographic data (age, sex, weight, height, body mass index), and the amount of fruit and vegetable intake were recorded. A number of blue (n=19) and of green (n=12) women had additional measurements in 2012, and 2013 before the end of observation in 2014, when all patients were called back and new measurements of SCS were carried out. 

2.4 Platelet aggregation and inhibition.

Blood was collected by venipuncture of healthy volunteers who abstained from non-steroidal anti-inflammatory drug (NSAID) consumption for the preceding 14 days. Collected blood contained tri-sodium citrate (3.2% w/v) and was centrifuged at 1100 g for 15 minutes at 25oC to obtain platelet rich plasma (PRP). PRP was transferred in separate tubes and centrifuged at 2300 g for 10 min in the presence of PGI2 (2 g/ml ) and apyrase (1 g/ml). The platelet pellet obtained was washed twice by resuspension in MTH buffer (134 mM NaCl; 2.9 mM KCl; 0.34 mM Na2HPO4; 12 mM NaHCO3; 20 mM Hepes; 1 mM MgCl2; glucose (0.1%) and apyrase (0.02 U/ml), pH adjusted to 7.4). The washed platelets (WPs) were counted using a counter machine and their concentration was adjusted to 3 x 106  platelets/ml. Aggregation of WPs was determined using 96-well plates (98). WPs were pre-incubated at 25°C for 30 min prior the addition of Diethylammonium (Z)-1-(N,N-diethylamino)diazen-1-ium-1,2 diolate [DEA/NONOate ] (0.001 M– 100 M) or vehicle (0.01M NaOH) and the  pharmacological effects of  aspirin and  prasugrel alone or combined were evaluated. Platelet activation was induced by the addition of 10 l of thrombin (0.03- 0.5 U/ml) and mixed (2300 g) for 5 min at 38oC. Absorbance was determined at 595 nm using a microplate reader (Sunrise microplate reader, Tecan, Switzerland).

2.5 Statistical analysis 

Age, BMI, SCS, WC in each group considered, are expressed as means and  standard deviation (SD).

Differences in skin carotenoid score among groups of fruit and vegetable intakes and BMI were tested by analysis of variance (ANOVA) and Bonferroni post hoc tests, with P < 0.05 being taken as significant.

Pearson’s correlation were used to determine the relationship between SCS and BMI or waist circumference .

All statistical analyses were done using GRAPHPAD PRISM v5 (GraphPad Software, San Diego, California USA), SYSTAT version 10.0 (SPSS, Chicago, IL, USA) and Microsoft Excel.

Data of platelet aggregation were analyzed by GRAPHPAD PRISM v5 (GraphPad Software, San Diego, California USA). Agonist concentration response curves were plotted and analyzed according to the four parameter logistic equation: 

Y = Bottom + (Top-Bottom)  / ( 1+ 10 (LogEC50 –X) x HillSlope)

Concentration-response curves were compared using two way ANOVA and Bonferroni’s post-hoc test.

3. Results 

3.1 SCS of healthy subjects compared to individual features.

Among 155 healthy volunteers, 93 of them were females and 130 were non cigarette smokers. The mean age of the volunteers was 32.66 + 12.58 years and their BMI was 23.02 + 3.8 kg/m2. 

Figure 7 shows the distribution of SCS values (one duplicate measurement) for each participant. The mean of SCS value was 34.32 with a standard deviation of 10.88. The data were approximately normally distributed (Anderson-Darling test for normality, P<0.0001; A2=1.877). SCS values ranged from 15.07 to 74.91. Note bell-shaped appearance of histogram indicating a normal distribution. 
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Figure 7. Histogram showing the distribution of skin carotenoid score (SCS) in the healthy subject analyzed (n=155). Each subject contributed one duplicate measurement. 
On the basis of the answers to questionnaire all volunteers were grouped as low, moderate and high fruit and vegetable eater. Age, BMI, and SCS are reported in Table 2 as means ± standard deviations for the three groups. 

Table 2. Age, BMI and skin carotenoid score of healthy subjects (n=155)
Fruit and vegetable intake
	Characteristics
	Low

(<2 servings per week)
n=28


	Moderate

(2-4 servings per week)

n=52
	High

(>1 serving per    day)

n=75

	Age, yr
	31.18 (±11.87)
	31.21 (±12.13)
	34.23 (±13.11)

	BMI,kg/m2
	22.4 (±4.49)
	23.25 (±4.65)
	23.08 (±3.32)

	SCS 
	25.49 (±4.82)
	29.05 (±5.32)
	41.28 (±10.94)


BMI: body mass index; SCS: skin carotenoid score. SCS measured using portable scanner (PharmanexR Biophotonic Scanner). All values are the mean and SD of one measurement performed in duplicate on each subject.

There were no statistical differences in age and BMI among the groups. On the contrary, the mean value of SCS of “high” fruit and vegetable intake group (41.28 + 10.94) was significantly higher than “moderate” (29.05 + 5.32, p<0.0001) and “low” fruit and vegetable intake group (25.49 + 4.82, p<0.0001). However, SCS of “moderate” intake wasn’t statistically significant from “low” fruit and vegetable intake (Figure 8). 
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Figure 8. Skin carotenoid score (SCS) among the groups of different intake of fruit and vegetables. Values are the mean + SD of  measurements performed in duplicate. Values were significant with P<0.0001, corrected with Bonferroni’s test. Values not sharing the same letters were significantly different.

Among 155 subjects, 124 had normal weight (BMI < 25 kg/m2 ), 22 were overweight (BMI 25-30 kg/m2), 9 were obese (BMI > 30 kg/m2). SCS mean of normal weight subjects (35.48 + 11.27) was significantly different from that of obese subjects (25.73 + 7.63, P=0.0124), whereas there was not any significant difference with overweight subjects (Figure 9).
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Figure 9. Comparison of SCS (means + SD) among the groups of different BMI (P=0.0124), corrected with Bonferroni’s test). Values not sharing the same letters were significantly different.
Relationships between the SCS of healthy subjects (low, moderate, or high fruit intake) were analyzed. Figure 10 shows that the SCS had an inverse correlation with BMI.
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Figure 10. Correlation between skin carotenoid score (SCS) and body mass index (BMI) in healthy subjects. n=155;

 r= -.2011, P=.0121.
Among 75 healthy subjects who reported a high intake of fruits and vegetables, mean SCS of normal weight subjects (44.17 +  9.71; n=58) was significantly different from overweight (32.67 + 8.49; n=13) and obese subjects  (27.35 + 2.73; n=4). However, SCS of overweight subjects wasn’t statistically different from SCS of obese subjects, P<0.0001 (Figure 11).
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Figure 11. Comparison of SCS (means + SD) among the groups of different BMI, for subjects reporting high intake of fruits and vegetables. Values were significant with P<0.0001, corrected with Bonferroni’s test. Values not sharing the same letters were significantly different.
On the whole, while the relationships between skin carotenoids levels and High, Moderate or Low intake of fruits and vegetables were somewhat expected in normal subjects, with high intake associated with the highest SCS values, it was interesting to find that, whatever the fruit intake, SCS was inversely correlated to BMI. Since all volonteers were healthy, BMI could be the expression of uncorrected dietary habits causing decrease of body antioxidants and a more or less remarkable redox unbalance.
The incidence of varying lifestyle and dietary habits on the SCS of healthy subjects was examined. 

Among 155 healthy subjects, 10 of them (age 31.4 + 13.6), who consumed a low to moderate amount of fruit and vegetables, changed lifestyle and increased consumption of fruits and vegetables, thus obtaining a significant improvement after 3 months (Figure 12). SCS of the last measurement (33.91 + 5.9) was significantly higher than SCS of first measurement (24.68 + 8.5), indicating the importance of a regular consumption of fruits and vegetables to rapidly improve the redox state. 
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Figure 12. Effect of increasing fruit and vegetable intake on the skin carotenoid score (SCS) of healthy subjects. Each baseline value was compared with corresponding measurement 3 months later. (n=10; P=0.0002, Student’s paired t-test).

Oxidative damage has been reported in students under exam anxiety conditions (93). We then wanted to check if measurement of SCS revealed oxidative stress in students under a comparable mental stress. Among the 155 healthy subjects, 12 non smoking volunteers, students of Pharmacy from the University of  Palermo (age 22.67 + 0.9) were examined. The students consumed the same amount of fruit and vegetables under both a “non stress” and a “stress condition” (a two months period before academic examination). Figure 13 shows a significant reduction of SCS under mental stress condition. Skin carotenoid score (SCS) of non stress period (33.06 + 7.62) was higher than SCS of the second measurement at the end of the stress period (30.54 + 6.49). 
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Figure 13. Effect of mental stress on Skin carotenoid score (SCS) of healthy subjects. The baseline value was compared with the value after a two months stress period. (n=12; P=0.026, Student’s paired t-test).
Finally we investigated to what extent SCS was correlated with smoking in healthy subjects. Among 75 healthy volunteers who consumed high amount of fruit and vegetables, 23 of them were cigarette smokers. Figure 14 shows that the mean SCS of smokers (34.78 + 7.6) was significantly lower than non smoking subjects (44.27 + 10.8). 
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Figure 14. Skin carotenoid score (SCS) in smokers (n=23) compared with no smokers (n=52). Values are the mean + SD of one measurement carried out in duplicate on each subject reporting high intake of fruits and vegetable. Values were significant,  with *P=0.0003 (Student’s t-test).

An important relationship between the SCS of smokers consuming high amounts of fruits and vegetables and number of cigarettes associated for each person was found. Figure 15 shows that SCS is inversely correlated with the number of cigarettes.
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Figure 15. Correlation between skin carotenoid score (SCS) of smokers and number of cigarettes per day. Each value  was the mean of one duplicate measurement from each subject.  n=23; r= -. 541, P=.0077.

These findings show that even subjects consuming high and expectedly protective amounts of fruits and vegetables are strongly injured by smoking, with a remarkable decrease of the body antioxidant power.
3.1.1 SCS of healthy subjects before and after consumption of fresh orange juice.
To evaluate if consumption of fresh orange juice may affect the SCS value, 36 healthy subjects were enrolled. 29 of them consumed high amounts of fruit and vegetables, and 9  were cigarette smokers. The mean age and BMI of the volunteers were 38.75 + 11.12 years and  22.95 + 2.65 kg/m2. 

Each volunteer consumed 500 ml of fresh orange juice (cultivar Valencia) a day, for two weeks. A baseline measurement (t0) and a second measurement (t=15 days) of skin carotenoid score (SCS) were carried out. Figure 16 shows that SCS of the second measurement  was significantly higher than SCS of baseline measurement (31.50 + 7.02 vs 30.23 + 7.62, P=0.019), indicating that consumption of fresh orange juice, without any other variation of dietary habits and lifestyle, including smoking, can improve the individual redox balance.


 



3.2 SCS of woman from DIANA-5 study
Among 71 women with high risk factor for BC belonging to DIANA-5 study, 38 women   in the intervention group (blue group), aged 38 to 76, and 33 women in control group (green group), aged 39 to 73, were submitted to measurements of SCS. The purpose of the study was to monitor the level of carotenoids in the skin as a biomarker of the entire antioxidative status (76). Our working hypothesis was that a high intake of fruit and vegetables could be protective, decreasing BC recurrence (31-33). Detailed information about diet and life-style were collected and analyzed, in particular anthropometric measurements such as height, weight, waist circumference, because of the importance of BMI as one prognostic factor in BC (9, 10, 65). The SCS of a group of 37 healthy women aged 34 to 66, who regularly consumed high amounts of fruit and vegetables and who had comparable  lifestyle and anthropometric measurements with the DIANA women, was used as a reference. 

Baseline characteristics are reported in Table 3 as means ± standard deviations for three groups. There were no statistical differences in age and BMI among the different groups.
Table 3:  Baseline Characteristics of women from DIANA study (2011).

	
	Healthy women subjects

(n=37)
	Intervention group (blue)

(n=38)


	Control group (green)

(n= 33)



	Age (years)
mean ± SD 
	52.05 ±  8.23
	53.79 ± 9.11


	53.46 ± 8.3

	Current smoking status

Yes

No
	0 

37
	0

38
	0

33

	BMI (kg/m2)
 mean ± SD


	24.70 ± 4.52
	25.41 ± 3.02
	27.11 ± 4.9

	SCS  

mean ± SD
	40.76 ± 10.1
	36.19 ± 11.1
	33.72 ± 11.1
healthy vs green, P=0.023


SCS measured using portable scanner (Pharmanex BioPhotonic scanner). Data were analysed by ANOVA one way, corrected with Bonferroni’s test.

The mean value of SCS of healthy women (40.76 ± 10.1) was significantly different from green group only (33.72 ± 11.1,  P=0.023), as reported in table 3 and shown in figure 17. All values are the mean ± SD of one measurement performed in duplicate on each subject at the beginning of the study.
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Figure 17.  Comparison of baseline SCS (2011) among intervention (blue, n=38), control (green, n=33) and healthy (grey, n= 37) women. Values are the mean + SD of one duplicate measurement performed on each subject. Values were significant with P=0.023, corrected with Bonferroni’s test. Values not sharing the same letters were significantly different.

Three years later, in 2014, the same patients of intervention group (blue) and control group (green) have been called back and new measurements of SCS carried out. Amount of fruit and vegetable intake were recorded, and anthropometric measurements were collected for each patient. All patients reported to have improved lifestyle and increased servings of fruit and vegetables during these years. Analysis of the data reported in Table 4 show that there were no statistical differences in SCS among the three groups of subjects. In addition, there were no statistical difference in BMI and waist circumference among the three groups.
Table 4. Anthropometric data and SCS of DIANA patients in 2014.

	Characteristic
	Healthy women subjects

(n=37)
	Intervention group (blue)

(n=38)


	Control group (green)

(n= 33)



	Waist circumference, cm
	83.30 ± 9.65
	85.66 ± 9.75


	85.75 ± 11.80

	BMI (kg/m2)

 mean ± SD, kg/m2

	24.56 ± 4.63
	25.26 ± 3.38
	26.43 ± 4.67

	SCS
	41.03 ± 10.12
	39.11 ± 11.02
	37.77 ± 13.15


SCS measured using portable scanner (Pharmanex BioPhotonic scanner). Data analysed by Student’s t tests (binary variables) or ANOVA one way, corrected with Bonferroni’s test.

By virtue of changing in lifestyle and diet, the mean SCS values of each patient belonging to either the intervention group, or the control group, were significantly improved (Figure 18 and 19, respectively). The mean of the 2nd SCS measurement (2014) of intervention group (39.11 + 11.02) was significantly higher than the first one in 2011 (36.19 + 11.1) (Figure 18). Regarding control group, the mean value of SCS of the 2nd measurement (37.77 + 13.15) was significantly higher than mean value of the first one as well (33.72 + 11.1) (Figure 19).
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Figure 18. Skin carotenoid score (SCS) of each subject (blue group, intervention group) compared with corresponding measurements 3 years later. (n=38; P=0.0051, Student’s paired t-test).
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Figure 19. Skin carotenoid score (SCS) of each subject (green group, control group) compared with corresponding measurements 3 years later. (n=33; P=0.0032, Student’s paired t-test).

The SCS of healthy women was also measured in 2014. Figure 20 shows that there were no statistically significant differences between the two measurements.





Figure 20. Skin carotenoid score (SCS) of each subject (healthy women) compared with corresponding measurements 3 years later. (n=37; P=0.3464, Student’s paired t-test).
          
The mean value of SCS of patients who consumed over 3 servings of fruit and vegetables per day were significantly higher than mean value of skin carotenoid score of patients belonging to the same group who consumed a lower amount of fruit and vegetables. Indeed in the intervention group, the SCS mean value of patients who consumed over three servings of fruit and vegetables per day (43.05 + 9.0), was significantly higher than the SCS of other patients who consumed less than three servings of fruit and vegetables (34.24 + 11.6) (Figure 21).
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Figure 21. SCS of patients of the blue group (n= 38) consuming daily high amounts of fruit and vegetables (> 3 serving fr/veg; n= 21) as compared with low daily intake of fruit and vegetables (< 3 serving fr/veg; n= 17). Values were significant with * P=0.012 (Student’s t-test).

In control group, the mean value of SCS of patients who consumed over three servings of fruits and vegetables per day (44.01 + 12.66) was significantly higher than the SCS mean value of other patients who consumed < 3 servings of fruits and vegetables  (30.28 + 9.52) (Figure 22).
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Beyond the significant improvement of antioxidant status of patients, the dietary recommendations resulted in a significant reduction of WC and weight loss. 
When considering all patients, blue and green groups, the mean values of either BMI or WC in 2014 were significantly lower than the mean values in 2011, as reported in Table 5.

Table 5. BMI and WC of DIANA patients (2011 vs 2014, n=71)
	1 st
measurement

2011
	2nd measurement

2014
	P value
(paired Student’s t test)

	BMI, mean ± SD (kg/m2) 
	26.24 ± 3.80
	25.84 ± 4.06

	0.041

	WC, mean ± SD (cm) 
	87.23 ± 10.23

	86.1 ± 10.76
	0.038


Finally, the relationships between the SCS and both BMI and waist circumference, were analysed. inversely correlated with waist circumference, as shown in figure 24.

Figure 23 shows that the SCS had an inverse correlation with BMI. Moreover SCS values were

Inversely correlated with waist circumference, as shown in figure 24.
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Figure 23. Correlation between SCS and BMI in patients of DIANA-5 study. A) n=38 (intervention group); r=-.506, P=0.0012; B) n= 33 (control  group),  r= -.363, P = 00378.
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Figure 24. Correlation between SCS and waist circumference (WC) in patients of DIANA-5 study. A) n=38 (intervention group),  r=-.521, P=0.0008. B) n=33 (control  group), r=-.427, P=0.0131.

SCS and DIANA patients. Discussion
Dietary intake of fruit and vegetables has widely been investigated in the last decade since these foods contain a huge number of phytochemical components that appear important factors in preventing various pathologies including tumors [94]. The traditional Mediterranean diet, rich of fruits, vegetables, legumes, olive oil is important to reduce the cholesterol level, blood glucose, and can counteract the metabolic syndrome. The latter is a reversible condition characterized by sedentary life style and diets containing saturated fats and foods with high glycemic index, and in the Western world constitutes a main risk factor for cardiovascular diseases, type II diabetes, and some tumors, including breast cancer (64,65,69). Berrino et al. (65), considered the influence on MS of dietary intervention in accordance with a Mediterranean dietary style, for 2 years, and showed decrease of MS traits in BC patients, as a favourable prognostic factor for BC recurrence. In our three years study we evaluated a number of women who had surgery for BC, included in a so-called DIANA (Diet and Androgens) multicenter project of alimentary education, aimed at preventing recurrency. When considering the importance of the cell redox status for the redox-dependent signalling necessary to cell function and prevention of degenerative alterations, it seemed rational that appropriate body level of antioxidants can be protective both for preventing tumoral onset or even recurrence. With this in mind we analysed relationships between the values of the individual oxidative stress, measured as the content of dermal carotenoids (SCS), and some risk parameters for breast cancer, that is BMI and waist circumference. These patients, who had daily intake of fruits and vegetables and adopted a Mediterranean dietary style, increased remarkably their antioxidative status and had a significant improvement of the tumoral risk factors, i.e. loss of weight, decrease of BMI and reduction of waist circumference. 

The women of the DIANA project had been enrolled between 2009/2010, but our group started measurements in 2011. Then we do not possess a SCS baseline value before starting dietary intervention. Since data collected for the 2011-2014 period showed a positive trend, it is possible that the baseline values in 2009 were lower than measured in 2011, which would make our final findings even more significant. At any instance, both patients included in the blue group (with a personal assistance for food preparation and kitchen course) and patients of the green group (who received advice but did not have personal assistance) exhibited improvement of risk parameters and SCS, indicating that the dietary intervention resulted in improvement of redox status and metabolic conditions in both groups. 

It deserves to be mentioned that although the statistical analysis has been carried out on the pool of the starting values in comparison with those after an entire three year time, in almost one half of patients measurements with a 6/12 months interval were done, to check if our intervention was a stimulus to adhere as much as possible to the dietary rules. With respect to this point, the special kind of Raman spectroscopic measurements, simple, non-invasive and easily interpreted by the patients, has appeared of a great help. Although there is not a significant difference, a clear tendency is evident, with a progressive SCS increase both in the blue (Figure 25) as well as in green (Figure 26) group.
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Figure 25. SCS values of 19 patients  of blue group from 2011 to 2014. The values (mean ± SD are 38.07 + 8.78; 40.59 + 7.69; 40.63 +9.05; 41.47 + 8.91. P>0.05
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Figure 26. SCS values of 12 patients of green group from 2011 to 2014. The values (mean ± SD) are 32.84 + 11.65; 44.42 + 14.10; 45.07 +14.79; 45.12+ 13.43. P>0.05

The SCS value, a marker for the intake of fruits and vegetables and food rich of antioxidants, has appeared an objective tool to evaluate the effectiveness of the diet in BC patients. Moreover these measurements allow each patient to assess the effectiveness of her own strains, helping her to understand if the diet is performed well or needs some corrections. Finally, to the best of our knowledge, this is the first time that measurement of skin carotenoids have been correlated to known risk factors for BC cancer. That an inverse correlation existed between SCS values and BMI/waist circumference confirms that a body redox imbalance accompanies dysmetabolic factors relevant to metabolic syndrome and allows SCS to be considered as a reliable tool to monitor at risk individuals and effectiveness of interventions.
Our study stopped in June 2014. The DIANA patients (blue and green groups) were followed-up for vital status and occurrence of new BC events by clinicians. We were informed that 43 out of 391 patients recruited at the centre in Palermo had recurrence, whereas 13 passed away. We may also report that among the 71 patients who underwent SCS measurements (38 blue group, 33 green group), one patient who had recurrence,  passed away. 
3.3 Platelet aggregation in the presence of aspirin and prasugrel alone or in combination with nitric oxide. 

Among methodological approaches to value the potential of phytochemicals in maintaining cardiovascular wellness, their activity in controlling and/or modulating platelet aggregation may be investigated. To this aim we preliminarily studied platelet aggregability in vitro, in a set-up mimicking the condition realized during a “dual antiplatelet therapy”. Aspirin and antagonists of platelet P2Y12 receptors, such as prasugrel are antiplatelet agents, with secondary protection against thrombotic vascular events (92,95-97). Aspirin inhibits irreversible COX-1 of platelets and production of thromboxane A2 (TXA2), reducing thrombus formation (98). P2Y12 antagonist reduce ADP released from platelet alpha granules. Therefore they are often prescribed together, as antiplatelet therapy.
ADP plays a central role in haemostasis plug and pathological thrombus formation, and  by blocking the response to ADP, P2Y(12) receptor antagonists can reduce platelet aggregation. Warner et al., proved that aspirin had a little additional antiplatelet effect in healthy subjects receveing prasugrel, a P2Y(12) antagonist (99). Nitric oxide (NO) is the most important endogenous vasodilatator (100) which also inhibits platelet aggregation (101,102) and adhesion (103). Experiments were carried out to explore the effects of aspirin and prasugrel in vitro, in combination with NO, thus mimicking a pathophysiological condition.

At 0.03 U/ml of thrombin, aspirin (acetylsalicylic acid ASA, 100μM) in the presence of DEA/NONOate (0.001μM – 100μM) inhibits significantly platelet aggregation compared to the correspondent vehicle (Fig.27).
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Figure 27. The effect of ASA on thrombin-induced DEA-nonoate-dependent platelet aggregation. Concentration response curves of platelet aggregation in vehicle (0.5% DMSO) and ASA (100M) treated platelets in the presence of thrombin 0.03 U/ml and DEA NONOate. The data shown are expressed as means + standard error of mean (SEM) of response measured by 96 well plate aggregometry. These results are significant by two-way ANOVA, ***P<0.001; n=5.

Under the same conditions, the effect of prasugrel active metabolite (PAM) was stronger than ASA, indeed we did not observe aggregation (Figure 28). The anti-aggregatory effects of PAM were clearly stronger than ASA, because they are known to be associated with reductions of TXA2 in the platelet release  (104). 
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Figure 28. The effect of PAM on the thrombin-induced DEA NONOate-dependent platelet aggregation.Concentration response curves of platelet aggregation in VEH (0.5% DMSO) and PAM (6M) treated platelets in the presence of thrombin 0.03 U/ml. The data shown are means + standard error of mean (SEM) of response measured by 96 well plate aggregometry. These results are significant by two-way ANOVA, ***P<0.001 ; n=5.

Concentrations of DEA/NONOate (0.001μM – 0.1μM) in presence of PAM (6 M) progressively inhibited platelet aggregation to concentration of thrombin (0.03 U/ml to 0.25U/ml) (Figure 29). 
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Figure 29. Inhibition of platelet aggregation by the blockage of P2Y12 receptors in the presence of 6 μM PAM. Concentration response curves of platelet aggregation induced by thrombin (0.03 U/ml - 0.5 U/ ml) in Veh (0.5% DMSO) and 6 M PAM in presence of DEA/NONOate (0.001 μM-0.1 μM). The data shown are expressed as means ± standard error of mean (SEM) of response measured by 96 well plate aggregometry. These results are significant by two-way ANOVA (drug curve vs vehicle) and Bonferroni post hoc-test; ***P<0.001; n=5. 

High concentrations of DEA/NONOate (1μM – 100μM) in presence of PAM (6 μM)  inhibited PA to higher concentrations of thrombin (0.125 - 0.5 U/ml) (p<0.001 f; 2-way ANOVA; n=5) (Figure 30 (a-c).
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Figure 30. Inhibition of platelet aggregation by the blockage of P2Y12 receptors in the presence of 6 M PAM. Concentration response curves of platelet aggregation induced by thrombin (0.03 U/ml- 0.5 U/ml) in Veh (0.5% DMSO) and 6 M PAM in presence of DEA/NONOate (1 μM-100 μM). The data shown are expressed as means ± standard error of mean (SEM) of response measured by 96 well plate aggregometry. These results are significant by two-way ANOVA (drug curve vs vehicle) and Bonferroni post hoc-test. ***P<0.001; n=5. 

At all concentrations of thrombin, it was observed the ability PAM (6 μM) in the presence of DEA/NONOate (0.001μM – 100μM) to inhibit significantly platelet aggregation compared to the correspondent vehicles (thrombin in 0.5 % DMSO) (p<0.001; 2-way ANOVA; n=5). 
Notably, when concentrations of thrombin were as high as 0.25 U/ml and 0.5 U/ ml (Fig. 31, c and d), the ability of PAM (6 μM) to inhibit significantly platelet aggregation compared to the correspondent vehicles (thrombin in 0.5 % DMSO), was only observed in the presence of high concentrations of DEA/NONOate (10μM – 100μM).
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Figure 31.The effect of thrombin (0.0625 to 0.5 M) on the DEA/NONOate dependent platelet aggregation in the absence and in the presence of 6 M. Concentration response curves of platelet aggregation in VEH (0.5% DMSO) and PAM (6 M) treated platelets in the presence of thrombin 0.0625 U/ml – 0.5 U/ml. The data shown are expressed as means + standard error of mean (SEM) of response measured by 96 well plate aggregometry. These results are significant by two-way ANOVA, *P<0.05; **P<0.01; ***P<0.001 ; n=5

The third part of the study on platelets explored the effects in vitro of aspirin and prasugrel, in combination, at the same concentrations used in previous experiments.
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Figure 32. The effect of PAM, ASA, or their combination on thrombin-induced platelet aggregation. Concentration response curves of platelet aggregation in vehicle (0.5% DMSO), ASA (100 M), PAM (6 M), or ASA plus PAM treated platelets in the presence of thrombin 0.25 U/ml (A) or 0.5 U/ml (B). The data shown are expressed as means + standard error of mean (SEM) of response measured by a 96 well plate aggregometer. These results are significant by two-way ANOVA, **P<0.01; ***P<0.001 ; n=5

In both cases, when aspirin is used in combination with prasugrel there were significant reductions  of platelet aggregation, compared with prasugrel alone. 

On the whole, the reported results were a confirmation of previous studies (98-102), although these experiments were carried with different concentrations of nitric oxide.

Application of this methological approach to study the potential of fruit components, in particular phytochemicals from Sicilian species, in maintaining platelet function and preventing platelet aggregation is currently planned.

4. Conclusions
Dietary habits are to be considered essential to prevent oxidative stress-based and age-related chronic diseases and maintain health. In this context the Mediterranean dietary style with low animal fats and high amounts of fruit and vegetables is considered important worldwide. The measurement of individual carotenoids, indicating the global body antioxidant level and oxidative stress, may be a way to have a general picture of health of population and eventually suggest suitable dietary adjustments. This work, measuring the skin carotenoid level by a non-invasive Raman spectroscopic technology, provided evidence that even healthy people may not necessarily have a good antioxidant status and that daily dietary supplements with fruit servings, and Sicilian oranges in particular, can substantially change the individual oxidative stress status. In addition, we provided evidence that a strict adherence to the Mediterranean diet and increase of daily fruit servings significantly improved the oxidative stress status of Sicilian patients who had surgery for breast cancer, and were monitored for three years. To the best of our knowledge, only a few trials have been published investigating skin carotenoid response by Raman spectroscopy to controlled diets (105), including increase of fruit and vegetables (106-107), and none was carried out on cancer patients. While confirming the importance of the fruit and vegetable intake to maintain an optimal redox status, our data also high lighted that the individual oxidative stress is as higher as higher the body mass index and waist circumference, predictive markers of age-related degenerative diseases including cardiovascular disease and cancer; importantly, this appeared to be true for both healthy people and cancer patients. In other words, our data confirm that maintaining a normal weight (BMI<25) and waist circumference within the WCRF values, is essential to maintain an optimal redox status, thereby protecting from onset of age-related and degenerative diseases.

This study encourages monitoring of antioxidant status/oxidative stress to provide indication about diets to be adopted and/or eventual corrections. Considered in the context of Mediterranean dietary habits, our findings further support the importance of green food in maintaining health and preventing age-related and oxidative stress-based degenerative diseases such as cardiovascular disease and cancer. 
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Figure 16. Skin carotenoid score (SCS) of each subject compared with SCS 15 days after consumption of orange juice. (n=36; P=0.019, Student’s paired t-test).
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Figure 22. SCS of patients of the green group (n=33 ) consuming daily high amounts of fruit and vegetables (> 3 serving fr/veg; n= 18) as compared with low daily intake of fruit and vegetables (< 3 serving fr/veg; n=15). Values were significant with *P=0.0016 (Student’s t-test).
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