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Abstract

Cardiovascular Disease (CVD) remains a major cause of morbidity and mortality 
in developed society. Since oxidative stress and inflammation are key players in the 
etiology of CVD, it is conceivable that natural antioxidants such as carotenoids, existing 
in fruits and vegetables, may help in preventing the CVD onset. 

More than 700 carotenoids have been identified, among them β-carotene, 
α-carotene, β-cryptoxanthin, lutein, lycopene, and zeaxanthin are the major dietary 
carotenoids with antioxidant properties likely linked to the ability in scavenging free 
radicals such as lipid peroxyl radicals, reactive oxygen species (ROS), and nitric oxide 
(NO).

Increased ROS generation has been associated with a functional inactivation of 
NO due to the reaction with superoxide anione (O2-), leading to peroxynitrite (ONOO-
) formation and subsequent reduction in vascular NO bioavailability that characterizes 
the early stage of atherosclerosis. 

Carotenoids, at least in part, by directly removing O2-, have been shown to restore 
NO endothelial bioavailability. Hence, they may be considered potential anti-oxidant 
modulators of endothelial response to pro-oxidant/inflammatory stimuli. 

More recently, several in vitro and in vivo experiments have demonstrated that 
carotenoids are able to reduce inflammation and oxidative stress through the regulation 
of various cellular functions, thus supporting the epidemiological studies indicating a 
strong correlation between dietary carotenoid consumption and decreased risk of CVD. 
However, since human intervention studies are controversial, the in vivo mechanism/s 
underlying the carotenoid’s cardiovascular protective activities is still little known.

This review aims to outline the current situation of relations between the main 
dietary carotenoids and prevention of CVD.

ABBREVIATIONS
CVD: Cardiovascular Disease; NO: Nitric Oxide; ROS: Radical 

Oxygen Species; HUVECs: Human Umbilical Vein Endothelial 
Cells; CHD: Coronary Heart Disease; MI: Myocardial Infarction; 
SCD: Sudden Cardiac Death; TNF-α: Tumor Necrosis Factor-alpha; 
NF-kB: Nuclear Factor kappa-light-chain-enhancer of activated 
B cells; ICAM-1: Intercellular Adhesion Molecule-1; VCAM-1: 
Vascular Cellular Adhesion Molecule-1; LPS: Lipopolysaccharide; 
SMC: Smooth Muscle Cells; PDGF: Platelet Derived Growth Factor; 
MAPK: Mitogen-Activated Protein Kinase; SOD: Superoxide 
Dismutase; CAT: Catalase; GSPHPx: Gluthathione Peroxidase; 
MCP-1: monocyte chemotactic protein-1; IL-8: Interleukin-8; 
IL-1: Interleukin-1; HDL: High Density Lipoprotein; LDL: Low 
Density Lipoprotein; ox-LDL: oxidized-Low Density Lipoprotein; 
HMG-CoA: 3-Hydroxy-3Methylglutaryl-CoA; BMI: Body Mass 
Index.

INTRODUCTION
Cardiovascular disease (CVD) remains a leading cause of 

mortality and disability around the world. There is a massive 
body of epidemiological studies suggesting that Mediterranean 
countries have a lower rate of CVD mortality when compared to 
other regions of Western Europe and the United States [1]. The 
reduced rate of CVD mortality can be explained, at least in part, 
by the dietary culture of the Mediterranean region that includes 
consumption of large amounts of fruit and vegetables.

Vegetables and fruit represent important sources of 
carbohydrates, dietary fiber, antioxidant vitamins, minerals, 
polyphenols, and various phytochemicals and, in particular, they 
are the main asset of carotenoids in the human diet [2,3]. 

Carotenoids are liposoluble C-40-based isoprenoid pigmented 
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(yellow, orange, and red) compounds that are synthesized by 
plants and microorganism but not by animals [4].

More than 700 carotenoids have been characterized; about 50 
of them consumed in the human diet [5,6]. Approximately 10-15 
carotenoids represent most of the dietary intake, and these are 
found in measurable concentrations in human blood and tissues 
[7,8]. Among them, β-carotene, α-carotene and β-cryptoxanthin 
are the major carotenoids having significant pro-vitamin A 
activity, while lutein, lycopene, and zeaxanthin are not converted 
into active retinoids by humans [9], their structure are illustrated 
in (Figure 1).

Various biological effects have been ascribed to carotenoids. 
One of these is the antioxidant and scavenging capacity related 
to their structure [10,11]. Indeed, the conjugated double bond 
structure is primarily responsible for the chemical reactivity of 
carotenoids with free radicals such as the peroxyl, hydroxyl, and 
superoxide radicals. Of note, carotenoids have proved able to 
prevent or decrease oxidative damage to DNA, lipid and proteins 
[5,12].

Conversely, a number of reports claim that carotenoids can 
act as pro-oxidant molecules and increasing the total radical yield 
in a system [13,14]. The key factor to determine the switch of 
carotenoids from antioxidant to pro-oxidant is the oxygen partial 
pressure (pO2) and the carotenoid concentration [15,16]. At 
higher pO2 a carotenoid radical can react with molecular oxygen 
to generate a carotenoid-peroxyl radical which can act as a pro-
oxidant by promoting oxidation of unsaturated lipids.

Although the antioxidant properties of carotenoids have been 
proposed as the main mechanism behind their beneficial effects, 

recent studies are also beginning to show that these compounds 
may mediate their effects via other mechanisms such as cell 
growth regulation, gap-junction communication, modulating 
gene expression and others [17].

Several epidemiological reports have shown a correlation 
between elevated dietary carotenoid intake and circulating 
levels and prevention of CVD [18-21]. For example a relationship 
has been demonstrated between circulating carotenoid 
concentrations and several markers of inflammation, oxidative 
stress, and endothelial dysfunction [22], which are known to be 
associated with CVD [23-25]. 

At present, it is well recognized that atherosclerosis is an 
inflammatory disease [26], and some evidence suggest that 
beneficial effects of carotenoids may result from modulation of 
the inflammatory responses [20-24].

Furthermore, carotenoids and vitamins could have an 
antioxidant-mediated tempering influence on endothelial 
function and inflammation, thereby reducing the risk of 
atherosclerosis [27].

In this regard, we recently demonstrated in vitro that 
β-carotene and lycopene reduce the inflammatory response 
in tumor necrosis factor-α (TNF-α)-treated human umbilical 
vein endothelial cells (HUVECs). This effect was mainly due 
to the redox balance protection and to the maintenance of NO 
bioavailability [28]. In line with our data other in vitro, in vivo and 
human studies support the idea that carotenoids may exert their 
cardiovascular protective action by increasing NO bioavailability 
[29-31], as shown in (Figure 2). 

However, most findings published to date indicate that 
such benefits stem from carotenoids’ anti-inflammatory action, 
though the mechanism/s underlying this vascular activity is/are 
still largely unknown.

Moreover, since carotenoids are a complex group of 
chemicals, and studies of the health effects of carotenoids are very 
heterogeneous, it is difficult to perform a meta-analysis or even 
a detailed systematic review of the health effects of carotenoids.

To date, plasma concentrations of carotenoids are considered 
useful biomarkers of total dietary intake of vegetables and fruit 
[32] and epidemiological studies have provided convincing 
evidence in support of the protective role of carotenoids in CVD 
[33]. However, these observations need to be better validated on 
the one hand by carrying out in vitro studies on the molecular 
mechanisms and, on the other hand by conducting well-controlled 
human intervention studies in the future. 

Although several studies have already showed the relationship 
between carotenoids and CVD, none of them has covered in vitro, 
animal, epidemiological and human studies (Table 1). Hence, we 
believe that this review may add a piece of knowledge about the 
relations between the carotenoids and prevention of CVD.

In vitro studies

There are several advantages in employing cellular models 
to investigate the effect of carotenoids on inflammatory- and 
oxidative-pathways. These include the ability to investigate, under 
well-defined conditions, specified carotenoid concentrations and Figure 1 Chemical structure of the main carotenoids in the human diet.
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specific types of cells and therefore allowing for a large number 
of investigations that are suitable for hypothesis building and 
studying mechanistic effects. However, the limitations of these 
cellular studies include the difficulty to conduct long-term studies 
due to limited cell life; the missing interactions with other cells 
present in vivo.

Many in vitro studies, especially those that include cellular 
models, have aided in establishing a link between carotenoids, 
oxidative stress, and inflammation [34].

Moreover, several studies highlight the beneficial effect 
of carotenoids in maintaining endothelial NO bioavailability, 
suggesting their ability to preserve endothelial function and 
more in general vascular health (Figure 2).

In this regard, as mentioned above, we recently demonstrated 
that treatment with β-carotene or lycopene significantly decrease 
reactive oxygen species (ROS) and nitrotyrosine (an index of 
ONOO-) levels, thus improving NO bioavailability. In parallel it 

down-regulates the nuclear factor kappa-light-chain-enhancer 
of activated B cells (NF-kB)-dependent adhesion molecule 
expression and monocyte–HUVEC interaction, [28] (Figure 2). 

In addition, some in vitro studies have suggested that 
carotenoids significantly inhibit TNF-α-induced intercellular and 
vascular adhesion molecules (ICAM-1 and VCAM-1) expression 
in both vein and arterial endothelial cells [35] and have barrier 
integrity activity, as well as inhibitory activity on cell adhesion 
and migration to endothelium by blocking the activation of NF-
κB, CD14 and TLR4 expression and production of TNF-α [36]. 

However, one should also consider that in TNF-α-stimulated 
endothelium NO rapidly reacts with superoxide anion (O2-) 
to form a stable potent oxidant ONOO- resulting in decreased 
vascular relaxation, and contributing to the up-regulation of 
NF-kB-dependent cellular response. Thus, the general effect of 
anti-oxidant molecules on the biological function of NO is likely 
to be due, at least in part, to direct removal of O2- [37,38]. More 
recently, sung et al. [39] demonstrate a novel beneficial effect of 

Figure 2 The protective antioxidant and anti-inflammatory carotenoid effects on vascular cells. Under oxidative condition NO may react with O2- to form ONOO-, this 
lead to the decrease of NO bioavailability leading to endothelial dysfunction, enhanced LDL peroxidation and chronic vascular inflammation. This is associated to lipid 
accumulation in the arterial wall, NF-κB activation that in turn triggers the up-regulation of VCAM-1 and ICAM-1. All these events generate a negative loop, which might 
be interrupted by antioxidant and anti-inflammatory effect of the carotenoids. eNOS, endothelial nitric oxide synthase; NO, nitric oxide; O2-, superoxide anion; ONOO-, 
peroxynitrite; cGMP, cyclic guanosine monophosphate; LDL, low density lipoprotein; ox-LDL, oxidized low density lipoprotein; TNF-α, tumor necrosis factor alpha; NF-κB, 
nuclear factor kappa-light-chain-enhancer of activated B cells; ICAM-1, intercellular adhesion molecule 1; VCAM-1, vascular cell adhesion molecule 1.
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Table 1: Major cited studies on the positive and negative effects of carotenoids on Cardiovascular Diseases.

POSITIVE CITED STUDIES

Study type Cell type, animal 
type or specimen

Carotenoids
investigated Main effects Reference

In vitro HUVECs β-carotene and 
lycopene

Reduced inflammation and oxidation  and increased NO 
bioavailability Di Tomo et al. [28]

In vitro HUVECs lycopene Inhibited VCAM-1 and ICAM-1 Hung et al. [35]

In vitro HUVECs lycopene Inhibited leucocyte adhesion and migration Bae et al. [36]

In vitro HUVECs lycopene Inhibited cyclic strain-induced endothelin-1 and suppressed ROS Sung et al. [39]

In vitro HUVECs lycopene Reduced oxidative injury and apoptosis Tang et al. [40]

In vitro Neutrophils β-carotene and 
annatto Modulated the production of ROS and NO Rossoni-Junior et al. 

[41]
In vitro Macrophages β-carotene Reduced inflammation and scavenged intracellular ROS Bai et al. [42]

In vitro Macrophages astaxanthin Inhibited macrophages activation Kishimoto et al. [44]

In vitro Macrophages lycopene Regulated cholesterol synthesis and efflux Palozza et al. [47]

In vitro Macrophages lycopene Prevented oxidative stress, cell cycle arrest and apoptosis Palozza et al. [48]

In vitro Rat Smooth Muscle 
Cells lycopene Inhibited PDGF-BB-induced signaling pathway Lo et al. [49]

In vitro Platelet lycopene Inhibited platelet activation Hsiao et al. [51]

Animal Rats  b-carotene and 
annatto Decreased oxidation and inflammation Rossoni-Junior et al.

[41]
Animal Rats lycopene Suppressed oxidative stress and  reduced myocardial injury Bansal et al. [54]

Animal Rats lycopene Reduced oxidative stress Breinholt et al. [55]

Animal Rats lycopene Reduced inflammation Liu et al. [56]

Animal Rats lycopene Reduced oxidative stress Zhu et al. [57]

Animal Rabbits lycopene Increased HDL and reduced plaque area in the aorta Verghese et al. [58]

Animal Rabbits lycopene Reduced LDL, total cholesterol, triaglycerol and reduced plaque 
area in the aorta Hu et al-. [59]

Animal Rats lycopene and 
tomato Reduced oxidative stress Gitenay at al. [62]

Animal Hamsters tomato paste 
rich in lycopene Lowered lipids and reduced oxidative stress Hsu et al. [63]

Animal Mice astaxanthin Ameliorated endothelial function Khan et al. [64]

Animal Rats astaxanthin Ameliorated endothelial function Zhao et al. [65]

Animal Mice lycopene and 
dietary mixture Reduced atherosclerotic lesion Verschuren et al. [67]

Epidemiological  _ vegetables rich 
carotenoids Reduced CHD risk Liu et al. [70]

Epidemiological  _ α-carotene and 
β-carotene Lowered risk of atherosclerosis D’Orico et al. [71]

Epidemiological _ lycopene Reduced oxidative stress Buijsse et al. [72]

Epidemiological _ β-carotene Lowered incidence of CVD Gey et al. [73]

Epidemiological _ β-carotene Reduced MI risk Kardinaal et al. [74]

Epidemiological _ β-carotene Reduced MI risk Klipstein-Grobusch et 
al. [76]

Epidemiological _ carotene and 
vitamin E Reduced CHD risk Rimm et al. [77]

Epidemiological _ β-carotene Low carotenoid concentrations increased CVD mortality risk Karppi et al. [78]

Epidemiological _
lycopene, lutein 

and
β-carotene

Reduced oxidation of LDL Karppi et al. [79]

Epidemiological _ β-carotene Reduced SCD risk Karppi et al. [80]

Epidemiological _
lutein, 

zeaxanthin and 
lycopene

Lowered risk of atherosclerosis Xu et al. [81]
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Epidemiological _

lutein, 
zeaxanthin, 

β-cryptoxanthin 
and α-carotene

Protected the early stage of atherosclerosis Dwyer et al.
[82]

Epidemiological _
carotenoids in 
Mediterranean

diet

Reduced endothelial damage and improved the regenerative 
capacity of endotheliun

Marin et al.
[83]

Epidemiological _
carotenoids 
in fruit and 
vegetables

Promoted cardiovascular health Holt et al.
[84]

Epidemiological _
carotenoids in 
Mediterranean

diet
Reduced oxidative stress and modulated inflammation Azzini et al.

[85]

Epidemiological _ lycopene Reduced MI risk Ko]hlmeier et al. [18]

Epidemiological _
lutein, 

zeaxanthin, 
β-cryptoxanthin

Serum levels inversely associated with all-cause of mortality De Waart 
et al.  [89]

Epidemiological _ lycopene Serum levels inversely associated with CVD Petyaev et al. [90]

Human 
Intervention _

Carotenoids and 
other dietary 
constituents

Reduced all-cause of mortality and 
reduced incidence of MI, stroke, and hypertension Yang et al. [91]

Human 
Intervention _ carotenoids in 

vegetables Reduced CHD risk Liu et al. [95]

Human 
Intervention _ lycopene Alleviated oxidative stress Chen et al. [97]

Human 
Intervention _ lycopene and 

tomato product Reduced plasma LDL cholesterol Palozza et al. [98]

Human 
Intervention _ lutein and 

lycopene Decreased intima-media thickness Zou et al. [99]

Human 
Intervention _ Tomato products Lowered postprandial oxidative stress Burton-Freeman et al. 

[100]
Human 

Intervention _ lycopene Improved endothelial function in CVD patients Gajendragadkar et al. 
[21]

Human 
Intervention _ lycopene Reduced oxidative stress and improved endothelial function Kim et al. [102]

Human 
Intervention _ lycopene Ameliorated serum cholesterol levels and blood pressure Ried et al. [106]

Human 
Intervention _ astaxanthin Reduced oxidation and inflammation Guerin et al. [107]

Human 
Intervention _ astaxanthin Improved oxidative stress Choi et al.

[109]
Human 

Intervention _ astaxanthin Prevented oxidative damage Kim et al.
[110]

Human 
Intervention _ astaxanthin Decreased oxidative stress and inflammation and enhanced 

immune response
Park et al.

[111]
Human 

Intervention _ astaxanthin Increased serum HDL and adiponectin Yoshida et al.
[113]

FAILED  AND NEGATIVE CITED STUDIES

Study type Cell type, animal 
type or specimen

Carotenoids
investigated Main effects Reference

Animal Rabbits lycopene-rich 
tomatoes Did not reduce atherosclerosis Frederiksen et al. [60]

Animal   Rabbits lycopene Did not improved aorta lesions Lorenz et al. [61]

Animal Rabbits astaxanthin Did not prevent atherogenesis Jacobsson et al. [66]

Epidemiological _ β-carotene Did not reduce LDL oxidation Reaven et al. [86]

Epidemiological _ β-carotene Increased all-cause of mortality Bjelakovic et al. [87]

Epidemiological _ α-carotene and 
lycopene Increased mortality risk Shardell et al. [88]

Human 
Intervention _ β-carotene Did not produce any significant reductions of vascular disease MRC/BHF Heart 

Protection Study [92]
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Human 
Intervention _ β-carotene Increased CHD risk Rapola et al. [93]

Human 
Intervention _ β-carotene No cardiovascular benefit Cook et al. [94]

Human 
Intervention _ β-carotene No impact on all-cause of mortality Hennekens et al. [96]

Human 
Intervention _ lycopene No evidence on CVD prevention Riccioni et al. [101]

Human 
Intervention _ lycopene from 

cooked tomatoes No improvement in lipid peroxidation rate and lipid profile Bose et al. [103]

Human 
Intervention _ tomato-based 

drink No effect on inflammation and oxidation Riso et al. [104]

Human 
Intervention _ tomato products No improvement in endothelial function Stangl et al. [105]

Abbreviations: CVD: Cardiovascular Disease; NO: Nitric Oxide; ROS: Radical Oxygen Species; HUVECs: Human Umbilical Vein Endothelial Cells; CHD: 
Coronary Heart Disease; MI: Myocardial Infarction; SCD: Sudden Cardiac Death; ICAM-1: Intercellular Adhesion Molecule-1; VCAM-1: Vascular Cellular 
Adhesion Molecule-1; HDL: High Density Lipoprotein; LDL: Low Density Lipoprotein.

lycopene through regulation of endothelin-1 (ET-1) expression, 
a powerful vasopressor synthesized by endothelial cells that 
plays a crucial role in the pathophysiology of CVD. More in 
detail, they showed that lycopene inhibits cyclin strain-induced 
ET-1 expression through the suppression of ROS generation and 
induction of heme oxygenase-1 in HUVECs. 

Within this scenario, carotenoids may be considered potential 
anti-oxidant modulators of endothelial response to pro-oxidant/
inflammatory stimuli.

The effects of lycopene on oxidative injury and apoptosis in 
endothelial cells following exposure to H2O2 were investigated 
by Tang et al. [40] using human vascular endothelial cells. 
Pre-treatment with lycopene dose-dependently decreased 
malondialdehyde (MDA) contents in H2O2-treated cells. Lycopene 
also significantly reduced the number of cells undergoing 
apoptosis in response to H2O2 inhibiting the up regulation of 
p53 messenger ribonucleic acid (mRNA) and caspase3 mRNA. 
These results suggest that protecting endothelial cells from 
oxidative injury may be one of the mechanisms underlying the 
cardiovascular-related beneficial effects of lycopene. 

In agreement with the hypothesis that carotenoids might 
exert their protective role through oxidative stress reduction, 
Rossoni-Junior et al. [41] showed that neutrophils from diabetic 
animals produce significantly more ROS and NO than their 
respective controls and that supplementation with β-carotene 
and annatto (which has been identified as a carotenoid having 
antioxidative effects) is able to modulate the production of these 
species. 

In previous study, Bai et al. [42], already supported the idea 
that carotenoids may protect against oxidative stress. In fact, 
they suggest that β-carotene, in RAW264.7 cells stimulated with 
lipopolysaccharide (LPS), possesses anti-inflammatory activity 
by functioning as a potential inhibitor for redox-based NF-kappa 
B activation, probably by directly scavenging the intracellular 
ROS. 

Another carotenoid with antioxidant activity is astaxanthin, a 
xanthophyll carotenoid that have unique cell membrane actions. 
In cultured cells, astaxanthin protected the mitochondria against 
endogenous oxygen radicals, conserved their redox (antioxidant) 

capacity, and enhanced their energy production efficiency 
[43]. In addition, Kishimoto et al. [44] showed that astaxanthin 
could regulate the macrophageatherogenesis-related functions 
by suppressing the scavenger receptors up regulation, matrix 
metalloproteinase’s activation, and pro inflammatory cytokines 
expression.

Since carotenoids may be considered efficient antioxidants, it 
has long been proposed that this property may be responsible for 
its beneficial effects. 

However, reliable evidence indicate that carotenoids, and 
their metabolites, might modulate molecular pathways related 
with cell proliferation, acting at Akt, tyrosine kinases, mitogen 
activated protein kinase (MAP kinase) and growth factor 
signaling cascades [45]. 

Furthermore, recently other mechanisms such as modulation 
of lipid metabolism through control of cholesterol synthesis and 
oxysterol toxic activities have been evoked as relevant effects 
[46].

Consistent with this hypothesis, Palozza et al. [47] recently 
demonstrated that lycopene (0.5–2 mM) dose-dependently 
reduced the intracellular content of total cholesterol in THP-
1 cells. They also showed that, in THP-1 cells, lycopene was 
able to reduce 7-ketocholesterol-induced ROS production, 
8-hydroxydeoxyguanosine formation and to counteract 
7-ketocholesterol-induced apoptosis by limiting caspase-3 
activation [48]. Moreover, in the same cellular model lycopene 
prevented oxysterol-induced increase in pro-inflammatory 
cytokine secretion and expression. That effect was accompanied 
by inhibition of oxysterol-induced ROS production, mitogen-
activated protein kinase (MAPK) phosphorylation and NF-κB 
activation. In addition, the carotenoid increased peroxisome 
proliferator-activated receptor γ levels in THP-1 macrophages. 
Taken all together, these data bring new information on the anti-
atherogenic properties of lycopene, and on its action mechanisms 
in atherosclerosis prevention [45].

As above mentioned, carotenoids also modulate cell 
proliferation. In this regard, it has been demonstrated that 
lycopene binds platelet-derived growth factor (PDGF)-BB 
(homodimer form), which play an important role in the 
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progression of CVD, and inhibits PDGF-BB-induced intracellular 
signaling transduction pathway in rat vascular smooth muscle 
cells (SMC) [49]. 

Another key factor in atherogenesis is intravascular 
thrombosis [50]. Lycopene inhibited both aggregation in human 
platelets in a dose-dependent manner and the ATP-release 
reaction stimulated by agonists such as collagen or arachidonic 
acid. These results may suggest that tomato-based foods might 
be especially beneficial in the prevention of platelet aggregation 
and thrombosis [51].

Taking together, all the findings discussed above strongly 
indicate the protective effect of carotenoids in various cellular 
models.

Although most of the effects shown in in vitro studies cannot 
be directly transferred to the in vivo situation, these findings offer 
an opportunity to understand the mechanisms underlying the 
beneficial cardiovascular effects of carotenoids observed in vivo.

Animal Studies

Compared to cellular studies, animal models allow for 
studying the effects under more complex, that is, realistic, 
physiological conditions. However, as a drawback, many animals 
metabolize carotenoids differently from humans [52]. 

In the last few years, several studies have been conducted 
in order to understand whether diet supplementation with 
carotenoids, administered alone or in combination with other 
molecules of nutritional interest, could exert the hypothesized 
protective cardiovascular effects in various animal models, which 
are mainly represented by mice, rats, hamsters and rabbits as 
will be described here.

By providing foods rich in carotenoids, several studies have 
aimed to reduce ROS and their negative impact on inflammation. 
For example, annatto extract or β-carotene added at 0.1% to the 
diet of rats for 7 days decreased ROS production in neutrophils 
and increased mRNA concentrations of superoxide dismutase 
(SOD), catalase (CAT), p22(phox), and p47(phox), which are 
components of the electron transfer elements of nicotinamide 
adenine dinucleotide phosphate oxidase [41].

Although, as just described, some authors have investigated 
the effect of foods containing different carotenoids, most of the 
studies relate to the effect of isolated carotenoids.

In this context, administration of lycopene in isolated form 
has received some attention because of its strong antioxidant 
effects in vitro [53]. Lycopene dissolved in olive oil reduced lipid 
peroxides levels and augmented glutathione levels as well as 
glutathione peroxidase (GSHPx) activity in male Wistar rats fed 
for 31 days [54]. In another experiment with female Wistar rats, 
lycopene was given for 2 week and the activity of glutathione 
reductase, GSHPx and SOD was significantly induced by various 
different doses of lycopene [55]. In a hyperhomocysteinemicrat 
model, lycopene reduced serum markers of inflammation such as 
VCAM-1, MCP-1, and IL-8, thus indicating anti-atherogenic effects 
[56].

Zhu J et al. [57] demonstrated that chronic lycopene treatment 
could attenuate endothelial dysfunction by reducing oxidative 

stress in streptozotocin-induced diabetic rats, indicating that 
chronic lycopene treatment might be useful in preventing the 
diabetic vascular complications associated with endothelial 
dysfunction.

Verghese et al. [58] recently demonstrated that dietary 
lycopene has a protective effect on cardiovascular disease in 
New Zealand male rabbits. Animals were fed on a normal diet, 
a high cholesterol diet and a high cholesterol diet containing 
various amounts of lycopene. The highest lycopene dose 
significantly reduced serum cholesterol, increased High Density 
Lipoproteins (HDL) cholesterol levels and reduced 3-hydroxy-
3-methylglutaryl-CoA (HMG-CoA) reductase activity as well as 
acyl-CoA-cholesterolacyl transferase activity. Of note, the highest 
dose of lycopene significantly reduced a plaque area in the aorta.

Accordingly with this finding, the comparison of lycopene and 
fluvastatin effects on atherosclerosis induced by a high-fat diet 
in adult male New Zealand white rabbits was lately published 
by Hu and colleagues [59]. The high-fat diet led to increased 
levels of total cholesterol, total triacylglycerol, Low Density 
Lipoprotein (LDL) cholesterol and IL-1. Lycopene was better 
than fluvastatin in reducing the changes in these parameters. 
Lycopene and fluvastatin also markedly reduced the formation of 
atherosclerotic plaques in the aorta compared to the situation in 
rabbits on a high-fat diet alone [59]. 

In contrast, Frederiksen et al. [60] did not show any effects 
from an intervention with extract of lycopene rich tomatoes 
when investigating male Watanabe heritable hyperlipidemic 
rabbits. The tomato extract had no effect on cholesterol and 
triacylglycerol levels in plasma, on cholesterol in lipoprotein 
fractions and on aortic atherosclerosis. Oxidation of plasma lipids 
was also unaffected by the intake of tomato extract. These results 
were recently confirmed by Lorenz et al. [61]. They showed that 
lycopene-treated New Zealand white rabbits, a part from reduced 
LDL cholesterol serum levels as well as reduced amounts of 
cholesteryl ester, did not improved the initial aorta lesions.

Some other animal studies investigate the potential role 
of tomatoes or tomato paste consumption and compared it to 
lycopene supplementation [62,63]. Interestingly,both studies, 
found that tomatoes had a higher potential than lycopene to 
affect oxidative stress-related parameters and plasmatic lipid 
profile, possibly due to the synergy of all the phytochemicals in 
tomatoes. 

Recently several studies have suggested a cardiovascular 
protective role of astaxanthin Khan et al. [64] studied the effect 
of a proprietary astaxanthin prodrug (CDX-085) on thrombus 
formation, using a mouse model of arterial thrombosis. When 
compared to control mice, the CDX-085 fed group exhibited 
significant increases in basal arterial blood flow and significant 
delays in occlusive thrombus formation following the onset 
of vascular endothelial injury. Primary HUVECs and platelets 
isolated from Wistar-Kyoto rats treated with free astaxanthin 
demonstrated significantly increased levels of released NO and 
significantly decreased peroxynitrite levels. Thus, this study 
supports the potential of CDX-085 and its metabolite astaxanthin 
to treat or prevent thrombotic cardiovascular complications. 

Interestingly, in spontaneously hypertensive rats, 
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astaxanthin-enriched diet reduces blood pressure and improves 
cardiovascular parameters by decreasing oxidative stress and 
improving NO bioavailability [30]. The ameliorative effect of 
astaxanthin was again recently demonstrated on endothelial 
dysfunction in streptozotocin-induced diabetes in rats where it 
inhibited the ox-LDL-LOX-1-eNOS pathway. This indicates that 
treatment with astaxanthin might be clinically useful for diabetic 
complications associated with endothelial dysfunction [65]. 

Conversely, Jacobsson et al. [66] evaluated the influence 
of alpha-tocopherol and astaxanthin on LD Loxidation lag time 
and atherosclerotic lesion formation in Watanabe heritable 
hyperlipidemic (WHHL) rabbits. They concluded that alpha-
tocopherol but not astaxanthin prolonged the LDL oxidation 
lag time. The two antioxidative substances did not prevent 
atherogenesis in WHHL rabbits in this setting.

One notable recent study demonstrates that a dietary mix 
of fish oil, resveratrol, lycopene, catechin, α-tocopherol, and 
vitamin C, which was shown to be well tolerated in humans, 
improves lipid and inflammatory risk factors for CVD in a model 
of transgenic mice [67]. These findings support the concept of 
combination strategies with several bioactive nutrients and a 
systems-based, multi-target approach for complex multifactorial 
diseases, such as type 2 diabetes. 

Epidemiological Studies

Several studies, over the past decades, have appeared in 
support of the carotenoids role in the prevention of CVD, mostly 
based on epidemiological studies showing a relationship between 
carotenoid plasma levels and CVD.

Recently, by analyzing sixty-two studies of plasma carotenoids 
in relation to health outcomes, a carotenoid health index has been 
proposed with risk categories as follows: very high risk: <1 μM, 
high risk: 1–1.5 μM, moderate risk: 1.5–2.5 μM, low risk: 2.5–4 
μM, and very low risk: >4 μM [68]. Notably, over 95 percent of 
the USA population falls into the moderate or high risk category 
of the carotenoid health index [69].

The Physicians Health Study [70] found that coronary artery 
disease was less prevalent in men who ate vegetables rich in 
carotenoids. Moreover, recent studies, such as the coronary artery 
risk development in young adults (CARDIA) and the young adult 
longitudinal trends in antioxidants (YALTA) studies [22], have 
found that high plasma carotenoid concentrations are associated 
with reduced inflammation, oxidative stress, and endothelial 
dysfunction, three important characteristics of atherosclerosis, 
while the a lower incidence of atherosclerosis in individuals with 
higher plasma levels of β-carotene and α-carotene [71].

Recently, 139 Cretan (Greek) men aged 79 years and over 
were compared to men from Zutphen (The Netherlands). The 
Cretan men had approximately fourfold higher mean levels of 
lycopene as well as a lower level of oxidative stress and higher 
levels of antioxidants in plasma than men of the same age from 
Zutphen [72].

Early observational studies reported an association between 
a high dietary intake of β-carotene and reduced incidence of CVD 
[73,74]. 

In a case-control study, the risk of nonfatal acute myocardial 
infarction (MI) in women was inversely associated with daily 
intake of β-carotene-containing diet [75]. In the Rotterdam study 
[76], a population-based cohort study targeting the elderly, the 
daily intake of β-carotene through diet was inversely associated 
with the risk of MI. 

Interestingly, in the American Health Professional’s Study 
[77] conducted on 39,910 US males, the carotene intake was 
associated with a lower risk of Coronary heart disease (CHD) 
among current smokers but not nonsmokers.

Findings from a more recent study in 1031 Finnish men, 
found a more convincing correlation between serum β-carotene 
and reduction in risk of MI [78]. The same authors also suggested 
that dietary carotenoids might improve the content of in vivo 
oxidative modified LDL [79] and lately they showed that low 
serum β-carotene concentrations were associated to enhanced 
risk of sudden cardiac death (SCD) in middle-aged Finnish men 
[80]. 

Several other epidemiological studies showed an association 
between serum carotenoids and reduced risk of atherosclerosis 
[81,82]. In addition, recent findings showed that Mediterranean 
diet, in different age ranges, ameliorate endothelial function 
and multiple risk factors, including a better cardiovascular risk 
profile, reduced oxidative stress and modulation of inflammation 
[83-85].

However, evidence regarding the health benefits of 
carotenoids is controversial. In fact, in previous study [86] LDL 
oxidation was not reduced by β-carotene while in the same study 
vitamin E was found to be beneficial. Moreover, the Cochranre 
review [87] on antioxidant supplements and all-cause mortality 
found β-carotene and vitamin A to significantly increase all-
cause mortality. Furthermore Studies of balanced carotenoid 
combinations are necessary for confirmation. 

Likewise, recently, the effects of serum carotenoids and their 
interactions on mortality have been examined in a representative 
sample of US adults [88]. Interestingly, low α-carotene was the 
only carotenoid associated with CVD mortality. Very low serum 
total carotenoid, α-carotene, and lycopene concentrations may be 
risk factors for mortality, but carotenoids show interaction effects 
on mortality. Thus, studies of balanced carotenoid combinations 
are necessary for confirmation. 

As regard the lycopene, several years ago the EURAMIC study 
[18] already suggested that this carotenoids may contribute to 
the protective effect of vegetable consumption on myocardial 
infarction risk. Subsequently, De Waart et al. [89] suggested 
that serum levels of individual carotenoids, particularly the 
oxygenated species, are inversely associated with all-cause 
mortality.

Recently, epidemiological data concerning lycopene and its 
potential cardiovascular health benefits have been extensively 
reviewed [4,90]. These promising epidemiological studies have 
prompted a number of small interventional studies, which have 
generally shown beneficial effects of lycopene on a range of 
outcome measures related to cardiovascular disease. 

Based on these findings, it is clear that controversial 
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epidemiological data exist regarding the CVD-preventive effects 
of carotenoids.

Human Intervention Studies

Human intervention studies, especially when conducted as 
a randomized, double-blind, and placebo controlled design, are 
still considered the “gold standard” in nutritional sciences for 
testing health effects of dietary compounds. 

Recently, Yang et al. [91] reviewed the major publications 
relating to the potential effects on cardiovascular risk factors and 
outcomes of some common dietary constituents: carotenoids, 
flavonoid-rich cocoa, tea, red wine and grapes, coffee, omega-3 
fatty acids, and garlic. Increased intake of some of these has been 
associated with reduced all-cause mortality or reduced incidence 
of myocardial infarction, stroke, and hypertension. However, 
although the evidence from observational studies, in vitro studies 
and animal studies showed linkages between carotenoids 
and prevention of cardiovascular disease and is supportive of 
beneficial effects for most of these foodstuffs taken as part of the 
diet, the potential benefits of using supplements derived from 
these natural products remain largely inconclusive.

The fact is that although many epidemiological studies have 
reported an association between β-carotene and the risk of CVD, 
several large randomized trials failed to reveal any reduction in 
CVD with β-carotene consumption. For instance, the MRC/BHF 
Heart Protection study [92], the α-tocopherol and β-carotene 
(ATBC) study [93] and the Women’s Antioxidant Cardiovascular 
Study (WACS) [94] have all revealed the absence of beneficial 
effects due to the consumption of β-carotene.

Moreover, the prospective evaluation of the relation between 
vegetable intake and CHD risk in the Physicians’ Health Study [95] 
concluded that the consumption of vegetables rich in carotenoids 
was associated with a reduced risk of CHD, but after 12 years 
of follow-up there was no impact from supplementation of 
β-carotene on CVD, cancer, or overall mortality among primarily 
non-smokers [96].

As described for β-carotene, less convincing results and a 
more complex landscape emerge when data from interventional 
studies on lycopene use in CVD patients are analyzed. There are 
multiple conflicting reports on how lycopene administration 
affects the progression of CVD and its outcomes [20,97]. 
However, there is a certain degree of reproducibility in scientific 
reports describing the reduction of cholesterol (LDL and total), 
upregulation of HDL [98], decrease in carotid artery intima-
media thickness [99], and lowering of both plasma markers of 
oxidative damage [97] and postprandial oxidative stress [100] in 
patients treated with lycopene.

A recent review of the controlled clinical studies with 
lycopene in well-defined subject populations found no definite 
evidence for CVD prevention [101]. 

However, more recently a randomized controlled double-blind 
trial that analyzed the effect of oral lycopene supplementation on 
vascular function in patients with CVD showed an improvement 
in endothelial function in CVD patients but not in control healthy 
subjects [21].Beneficial effects of lycopene supplementation 
on oxidative stress and markers of endothelial function were 

also found in another randomized, placebo-controlled, double-
blind study [102]. This study specially focused on middle-aged 
Korean men; hence, the results cannot be generalized to women. 
However, the data obtained demonstrated the anti-oxidative and 
anti-inflammatory effects of lycopene [102].

Unfortunately, no positive outcome emerges from studies 
on the effect of lycopene from cooked tomatoes or tomato-
based drink on serum and plasma antioxidant enzymes, lipid 
peroxidation rate, lipid profile, markers of inflammation, 
immunomodulation, and oxidative stress [103-105].

A meta-analysis, employing human intervention trials 
between 1955 and September 2010, investigated the effect of 
lycopene on blood lipids and on blood pressure [106]. Ried 
and Fakler’s meta-analyses [106] indicated that 25 mg daily 
of lycopene effectively reduced total cholesterol and LDL 
cholesterol in serum. Regarding the potential role of lycopene 
in the regulation of blood pressure, the clinical trials published 
to date are too low in number to offer any firm evidence of this. 
Although they do suggest lycopene has a lowering effect on 
systolic blood pressure, in particular in hypertensive subjects, 
further studies are necessary to prove these results.

Astaxanthin, a xanthophyll carotenoid, is a nutrient with a 
powerful antioxidative properties and with excellent safety and 
tolerability. This molecule demonstrated an important role in 
protection against oxidation and inflammation [107]. In fact, it 
showed to have the highest antioxidant activity toward peroxyl 
radicals among lutein, lycopene, α -carotene, β -carotene, α 
-tocopherol, and 6-hydroxy-2,5,7,8-tetramethylchroman-2-
carboxylic acid [108].

The real breakthrough with this nutrient, however, is that 
it produces clinically significant antioxidant benefits in human 
subjects, including groups especially vulnerable to oxidative 
stress, such as smokers, the obese, and the overweight.

In a Korean prospective, randomized, double-blind study 
[109], as taxanth in supplementation (3 weeks) improved 
oxidative stress biomarkers by suppressing lipid peroxidation 
and stimulating the activity of the antioxidant defense system 
in individuals with weight challenges. Another double-blind, 
randomized controlled trial was conducted by the same group 
[110]. The results suggest that astaxanthin supplementation 
might prevent oxidative damage in smokers by suppressing 
lipid peroxidation and stimulating the activity of the antioxidant 
system in smokers. 

In the Park double-blind, randomized controlled trial [111], 
astaxanthin also significantly lowered C-reactive protein, a 
biomarker of systemic inflammation [112].

In addition, astaxanthinelevated HDL-cholesterol, lowered 
triglycerides in subjects with moderately elevated serum 
triglycerides compared to healthy subject in a double-blind 
randomized controlled trial [113].

Astaxanthin also significantly increased blood adiponectin 
levels a well-known hormone, which is produced by adipose 
tissue, cardiac and skeletal muscle, and vessel endothelia. Serum 
levels of adiponectin tend to be reduced in obese and/or diabetic 
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subjects, smokers, patients with coronary heart disease, and 
individuals with metabolic syndrome [114]. Although the results 
of this study suggest a normalization of adiponectin levels, 12 
weeks of supplementation had no effect on BMI. 

To date, the safety, bioavailability and effects of astaxanthin 
on oxidative stress and inflammation that have relevance to the 
pathophysiology of atherosclerotic CVD have been assessed only 
in a small number of clinical studies [115]. Hence, based on the 
cardiovascular studies described above, more cardiovascular 
clinical trials are recommended to better understand the role of 
carotenoids in the prevention of CVD.

CONCLUSION
Increasing proofs indicates that a correctredox balance 

may be implicated in preserving health and longevity. Changing 
this equilibrium in favor of oxidation may cause pathological 
responses leading to functional disorders and disease. Despite the 
contradictions, promising epidemiological studies on nutrition, 
associating high levels of carotenoids with low levels of oxidative 
stress establishes that higher fruit and vegetable intakes tend to 
be associated with lower rates of heart and vascular diseases, 
including coronary heart disease and stroke. 

However, to date, the biological role of carotenoids in the 
prevention and possibly in the treatment of cardiac and vascular 
diseases is only partially understood. 

Thus, it is only through further studies that our knowledge of 
the crucial role played by carotenoids will improve and enable 
us to develop complementary approaches to the prevention, cure 
and management of cardiovascular diseases.
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