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Abstract
Atherosclerotic heart diseases are universal problems in modern society. Oxidative damage to lipids is a primary 
cause of atherosclerosis. There are many choices for treatment, but no definite recommendations to prevent the 
occurrence of the disease. There is a relationship between atherosclerotic risk factors and increased vascular pro-
duction of reactive oxygen species (ROS). Oxidized low-density lipoproteins (LDL) and ROS may directly cause 
endothelial dysfunction by reducing endothelial nitric oxide (NO) bioavailability. Vitamin E can to some degree 
prevent the consequences of oxidized LDL, and vitamin C provides NO synthase activity. Although prolonged use 
of vitamin A, C, and E supplementation in pharmaceutical forms has been proven to be effective in preventing 
atherosclerosis in animal experiments, this has not yet been demonstrated in clinical trials with human beings. It 
should be taken into account that the evidence has been gathered from young/adult experimental animals with 
early stages of arthrosclerosis and from in-vitro studies, while most of the clinical trials have involved older patients 
with late stages of the disease. Prolonged use of vitamins in the diet has not yet been recommended in human 
beings. There is some indication that a diet rich in antioxidant fruit and vegetables may be beneficial in the preven-
tion of cardiovascular events (Adv Clin Exp Med 2012, 21, 1, 115–123).
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Streszczenie 
Miażdżyca układu krążenia jest powszechnym problemem współczesnego społeczeństwa. Oksydacyjne uszkodze-
nie lipidów jest główną przyczyną miażdżycy. Istnieje wiele możliwości leczenia, ale nie ma określonych zaleceń, 
jak zapobiec wystąpieniu choroby. Istnieje związek między czynnikami ryzyka miażdżycy a wzrostem wydziela-
nia reaktywnych form tlenu (ROS) przez naczynia. Utlenione lipoproteiny o małej gęstości (LDL) i ROS mogą 
bezpośrednio powodować dysfunkcję śródbłonka, zmniejszając biodostępność tlenku azotu (NO) w śródbłonku. 
Witamina E może do pewnego stopnia zapobiegać skutkom utlenionych LDL, a witamina C zapewnia aktywność 
syntazy NO. Chociaż długotrwałe stosowanie suplementacji witamin A, C i E w postaci farmaceutycznej okazało 
się skuteczne w zapobieganiu miażdżycy u zwierząt doświadczalnych, to jeszcze nie sprawdzono tego w badaniach 
klinicznych na ludziach. Należy wziąć pod uwagę, że dowody zostały zebrane w badaniach na młodych i dorosłych 
zwierzętach doświadczalnych na wczesnych etapach choroby oraz w badaniach in vitro, podczas gdy w większości 
badań klinicznych brali udział starsi pacjenci na zaawansowanym etapie choroby. Długotrwałe stosowanie witamin 
w diecie nie jest jeszcze zalecane u ludzi. Istnieją pewne przesłanki, że dieta uwzględniająca bogate w przeciwutle-
niacze owoce i warzywa może być korzystna w zapobieganiu incydentom sercowo-naczyniowym (Adv Clin Exp 
Med 2012, 21, 1, 115–123).

Słowa kluczowe: przeciwutleniacze, witaminy A, C, E, kwas foliowy, flawonoidy, miażdżyca.
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Cardiovascular disease (CVD) is a universal 
problem in modern society. Atherosclerosis is the 
most important manifestation of CVD. The treat-
ment and prevention of CVD are perennial sub-
jects of investigation in cardiovascular medicine. 
Investigations of treatment choices have been tar-
geted for millennia and successful advances have 
been achieved in recent decades. Thanks to devel-
opments in the treatment of CVD, human beings 
live longer than ever before. Current knowledge 
includes effective percutaneous and/or medical 
management of coronary disease and heart failure 
[1]. The beneficial effects of medical treatments 
may be related to their known antioxidant prop-
erties [2]. Drugs that may have antioxidant prop-
erties include nitric oxide (NO), calcium channel 
blockers, statins, dobutamine and some angio-
tensin-converting enzyme (ACE) inhibitors.

The occurrence of any CVD could be asso-
ciated with dietary components. According to 
recent literature, there are no definite guidelines 
for preventing the occurrence of atherosclerosis. 
Routine supplementation with antioxidants such 
as vitamins (A, C, and E) and minerals (zinc and 
selenium) has not yet been recommended for hu-
man beings, although beneficial effects in prevent-
ing cardiovascular risk factors have been shown 
in animal experiments [3]. The efficacy of natural 
antioxidants in human patients with cardiovascu-
lar risk factors has not been fully explained with 
regard to pathophysiological features. The anti-
oxidative effects of fruit and vegetable intake are 
being investigated in human diseases, especially 
cardiovascular events [4, 5]. Bourassa and Tardif 
wrote that “a diet rich in antioxidant macro-nutri-
ents, particularly fruits and vegetables, is recom-
mended for all individuals, and some types of diets 
such as the Mediterranean diet have been shown 
to be highly beneficial in the prevention of car-
diovascular events in patients with coronary heart 
disease” [3]. However, evidence that fruit and veg-
etable consumption prevents any atherosclerotic 
event remains limited. 

Atherosclerotic risk factors are associated with 
increased oxidative stress, implicated in the vascu-
lar production of lipid oxidation and reactive oxy-
gen species (ROS; superoxide, hydrogen peroxide, 
and their metabolites) [6]. ROS, known to be cy-
totoxic and mutagenic agents, induce an oxidative 
stress response. Landmesser and Drexler noted that 
“hypercholesterolemia, hypertension, diabetes and 
smoking increase the vascular production of ROS, 
in particular superoxide” [7]. It has recently been 
demonstrated in experimental designs for smok-
ing that vitamin E and plant extracts (flavonols, 
tocopherols and carotenoids) can protect the heart 
from nicotine-induced oxidative stress [8]. 

In this review, the authors focus first on possi-
ble mechanisms for the occurrence and prevention 
of atherosclerosis. Reports of the use of antioxi-
dants for treatment and prevention in both ani-
mal and human studies have been reviewed. There 
have been numerous reports about antioxidants in 
experimental animals, human epidemiological ob-
servations and clinical trials for almost half a cen-
tury. Here, the most relevant papers published 
within the last two decades have been reviewed, in 
order to present the current state of knowledge. 

The Oxidation Hypothesis 
for the Occurrence of 
Atherosclerosis

Endothelial dysfunction that results in athero-
sclerosis may be associated with vessel-wall thick-
ening as a result of a build-up of fatty materials and 
plaques. The mechanisms of oxidative stress and 
antioxidants in patients with atherosclerosis have 
been evaluated in extensive animal experiments and 
clinical research. There is a relationship between 
atherosclerotic risk factors (ARF) and increased 
vascular production of ROS; the most important 
ARFs are heredity, age, hypertension, dyslipidemia, 
diabetes and smoking [7]. Increased vascular pro-
duction of ROS, particularly superoxide, has been 
shown in in-vitro studies [9, 10]. ROS and reactive 
nitrogen species (RNS) are closely linked to the dis-
ease process. Incomplete scavenging of ROS and 
RNS influences the mitochondrial lipid cardiolipin, 
stimulates the release of mitochondrial cytochrome 
c and finally activates the intrinsic death pathway 
[6]. Local generation of RNS may contribute to vas-
cular tissue injury. Therefore, ROS and RNS par-
ticipate as signaling molecules that regulate diverse 
pathophysiological signaling pathways. High levels 
of ROS are potent inducers of the intrinsic apop-
totic pathway and tissue injury in pathophysiologi-
cal conditions as an integral part of atherosclerotic 
plaque stabilization. The most important sources of 
ROS production associated with CVD pathology are 
the mitochondrial respiratory chain, nicotinamide 
adenine dinucleotide phosphate oxidases, xanthine 
oxidase, lipoxygenase, uncoupled nitric oxide syn-
thase and myeloperoxidase [11].

Oxidative damage to lipids is a primary cause 
of atherosclerosis [7]. Lipid peroxidation directly 
produces oxidative stress initiated in the presence 
of hydroxyl radicals, resulting in the production of 
malondialdehyde [12]. To elucidate the potential 
mechanisms of lipid oxidations, all types of oxida-
tive systems have been suggested as contributing 
to the process. Oxidized low-density lipoprotein 
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(LDL) is present in atherosclerotic plaques and is 
involved in the transition of stable atherosclerotic 
lesions into active lesions. The precise mechanisms 
involved have not been fully explained, but oxida-
tion of LDL is believed to play a role in the initiation 
of atherosclerosis, leading to LDL uptake by mac-
rophages and foam-cell formation, but becoming 
less important in the later stages of the condition 
[13, 14]. Incubation of macrophages with oxidized 
LDL causes intracellular cholesterol ester accumu-
lation. Increased oxidative stress, evidenced by lipid 
peroxidation, has been found in human patients 
with ARF [15, 16]. Gul et al. found that the “rat 
heart has sufficient antioxidant enzyme capacity 
to cope with exercise-induced oxidative stress, and 
adaptive changes in antioxidant enzymes due to en-
durance training are limited” [17].

It is obvious that LDL oxidation alone does 
not explain the complex mechanism of oxidative 
stress and atherosclerosis. A mechanism involving 
oxidized LDL and NO has been proposed regard-
ing the occurrence of atherosclerosis [6]. Oxidized 
LDL stimulates the release of interleukin-1 from 
endothelial cells and macrophages [18]. In addi-
tion, NO causes vasodilatation and inhibits the 
effects of cytokines and adhesion molecules re-
lated to atherosclerosis [19]. As Landmesser and 
Drexler noted: “Whereas oxidized LDL may con-
tribute to endothelial dysfunction [7] oxygen radi-
cals may directly cause endothelial dysfunction, 
i.e. by reducing endothelial NO bioavailability. 
In particular, superoxide reacts rapidly with NO, 
resulting in formation of peroxynitrite and loss 
of NO’s bioactivity [7]. ROS, and especially per-
oxynitrite, can oxidize tetrahydrobiopterin, a criti-
cal co-factor for endothelial NO synthase” [7, 20, 
21, 22]. In the occurrence of atherosclerosis and 
heart ischemia, NO bioavailability plays an im-
portant role in preventing endothelial dysfunction 
and protecting against oxygen radicals. Borutaite 
et al. found that “NO rapidly protects the ischemic 
heart from apoptosis and mitochondrial dysfunc-
tion via PKG-mediated blockage of mitochondrial 
permeability transition and cytochrome c release” 
[23]. Thus the oxidation of LDL apparently trig-
gers atherogenesis, which leads to atherosclerosis 
[24, 25]. The pathogenesis of atherosclerosis is 
further related to inflammation, immune response 
and the proliferative process. Endothelial denud-
ing injury leads to platelet aggregation and releases 
platelet-derived growth factor, which triggers the 
proliferation of smooth muscle cells forming the 
nidus of the atherosclerotic plaque in the arterial 
intima, implicating inflammatory changes in the 
development of the disease [26]. The proposed 
mechanisms described above are presented in 
simplified form in Figure 1.

The Antioxidation 
Hypothesis for 
the Prevention of 
Atherosclerosis
LDL oxidation occurs early in CVD and is 

known to precede foam-cell formation. Supple-
menting treatment with antioxidants might be 
helpful to patients. Vitamin E reduces the con-
sequences of oxidized LDL by decreasing mono-
cytes’ ability to bind to endothelial cells [27, 28]. 
E-selectin has been proposed as an important 
factor in the development of the inflammatory 
process underlying atherothrombosis. The expres-
sion of E-selectin on the endothelium is decreased 
by vitamin E in cultured human endothelial cells 
[27]. However, Upston et al. found that “dietary 
vitamin E supplementation of rabbits after arte-
rial injury significantly increases both the aortic 
levels of α-tocopherol and the overall content of 
cis/trans isomers. These data are fully consistent 
with α-tocopherol acting as a hydrogen donor 
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Fig. 1. A proposed mechanism for the occurrence of 
atherosclerosis. ARF: atherosclerotic risk factors; ROS: 
Reactive oxygen species; RNS: Reactive nitrogen spe-
cies; LDL: low-density lipoprotein; NO: nitric oxide. 
ARFs are heredity, age, hypertension, dyslipidemia, 
diabetes and smoking

Ryc. 1. Proponowany mechanizm występowania 
miażdżycy. ARF – czynniki ryzyka miażdżycy, ROS 
– reaktywne formy tlenu; RNS – reaktywne formy 
azotu; LDL – lipoproteiny o małej gęstości; NO – tle-
nek azotu. ARFs to dziedziczenie, wiek, nadciśnienie 
tętnicze, dyslipidemia, cukrzyca, palenie tytoniu
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during lipid oxidation in vivo and suggest that 
α-tocopherol does not prevent lipoprotein lipid 
oxidation in the diseased vessel wall” [29]. Con-
trary to the effects of vitamin E as a chain-break-
ing and peroxyl-radical-trapping antioxidant, 
α-tochopherol inhibits radical chain formation 
as a strong pro-oxidant for LDL [30]. Therefore, 
a great deal of attention has been paid to vitamin E  
as a suppressor of LDL lipid oxidation, since it is 
the main antioxidant in human lipoproteins [30].

Vitamin C has also been investigated in stud-
ies on the prevention of atherosclerosis. The fol-
lowing proposals have been put forward regard-
ing the mechanisms of vitamin C in preventing 
atherosclerosis: First, vitamin C has been shown 
to prevent apoptosis caused by cytokines in cul-
tured endothelial cells [31]. It also decreases the 
release of micro-particles derived from endothelial 
cells and suppresses proapoptotic activity in con-
gestive heart failure patients in vivo [32]. Second, 
vitamin C stimulates all types of collagen synthesis 
by specific hydroxylase enzymes [33]. Endothelial 
cell proliferation is, in part, associated with the 
synthesis of type IV collagen [34]. Thus, a lack 
of vitamin C prevents the generation of type IV 
collagen in cultured endothelial cells [35]. Third, 
vitamin C protects the vascular endothelium by 
enhancing endothelial NO synthase. Endothelial 
NO synthase activity is inhibited by ROS that oxi-
dize and deplete the co-factor tetrahydrobiopterin 
[36]. Therefore, vitamin C prevents the loss of NO 
synthase activity by maintaining tetrahydrobiop-
terin [37]. Glutathione monoethyl ester, but not 
ascorbic acid, exerted protective effects against 
ischemia-reperfusion injury. Interestingly, the 
protective effects of glutathione monoethyl ester 
are enhanced by co-administration with vitamin C 
in rat hearts subjected to ischemia and reperfusion 
[38]. Chronic zidovudine administration increases 
blood pressure and promotes cardiovascular dam-
age through a NAD(P)H oxidase-dependent mech-
anism that involves protein kinase C. Vitamin C 
combats these adverse effects in the cardiovascu-
lar system in rats [39]. The oxidized LDL leads to 
increased platelet-endothelial cell adhesion, which 
can be prevented by superoxide dismutase (SOD) 
and catalase [40]. In fact, the vascular extracellular 
expression of SOD is stimulated by NO [41]. 

Antioxidant Vitamins 
in Animal Experiments
Animal experimental studies are presented in 

chronological order. Freyschuss et al. found that 
“butylated hydroxytoluene, a synthetic analog of 
vitamin E, effectively inhibited the accumulation 

of intimal smooth muscle cells and the develop-
ment of intimal thickening of the aorta in hy-
percholesterolemic rabbits after a balloon cath-
eter-induced injury indicating antioxidants may 
modify intimal response to injury” [42]. Palace et 
al. reported: “Dietary supplements of vitamin E 
[α-tocopherol]can sustain better cardiac function 
subsequent to [myocardial infarction in rats]. An-
tioxidant vitamin levels in the myocardium or in 
storage organs and not in plasma may be better 
indicators of myocardial oxidative stress” [43]. As 
already noted, co-administration of vitamin C en-
hances the protective effects of glutathione mono-
ethyl ester in isolated rat hearts following ischemia 
and reperfusion [38]. 

Narang et al. reported that dietary palm olein 
oil, which is rich in monounsaturated fatty acid 
and antioxidant vitamins, “protected rat heart 
from oxidative stress associated with ischemia-
reperfusion injury” [44]. Das et al. found “a role 
for c-Src [a family of proto-oncogenic tyrosine 
kinases] in postischemic cardiac injury and dys-
function and demonstrate direct cardioprotective 
effects of [the tocotrienol-rich fraction of palm oil 
(TRF)]. The cardioprotective properties of TRF 
appear to be due to inhibition of c-Src activation 
and proteasome stabilization” [45]. Carlson et al., 
using a rat model, reported: “Antioxidant vitamin 
therapy [vitamin C, vitamin E, vitamin A and zinc] 
abrogated myocardial inflammatory cytokine sig-
naling and attenuated sepsis-related contractile 
dysfunction, suggesting that antioxidant vitamin 
therapy may be a potential approach to treat inju-
ry and disease states characterized by myocardial 
dysfunction” [46]. 

Hypertension is directly regulated by the kid-
neys and cardiovascular system and adversely af-
fects these organs. Tian et al. found that in salt-
sensitive rat model of hypertension, vitamin C 
and vitamin E treatments “decreased renal inflam-
matory cytokines and chemokines, renal immune 
cells, NF-κB, and arterial pressure and improved 
renal function and damage” [47]. As noted above, 
chronic zidovudine administration promotes car-
diovascular damage, and vitamin C has been found 
to combat this effect in rats [39]. Diabetes mellitus 
may initiate increased myocardial vulnerability 
to ischemia-reperfusion injury and pro/antioxi-
dant imbalance. Resistance to ischemia-induced 
ventricular arrhythmias and levels of endogenous 
antioxidants (α-tocopherol) have been found to 
be increased in diabetic rat myocardium [48]. In 
a study by Averill et al., dietary antioxidants (vita-
min E, vitamin C and beta carotene) and genistein 
(an isoflavone) “do not inhibit the progression of 
established atherosclerotic lesions in [the innomi-
nate arteries of] older apolipoprotein E-deficient 
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mice” [49]. Contrary to previous reports on stud-
ies with experimental animals, Herrera et al. found 
that antioxidants do not cause a change in total 
plasma cholesterol, body weight, average area of 
the lesion or media, or changes in lesion compo-
sition. On the other hand, “co-administration of 
dexamethasone with antioxidant vitamins [vita-
min C and vitamin E] improves survival and par-
tially restores vascular dysfunction” in newborn 
rats, while dexamethasone alone “has detrimental 
effects on survival and peripheral vasoconstric-
tor function” and antioxidant vitamins alone de-
creased vasodilator capacity [50]. 

It should be noted here that none of the stud-
ies reported above used older animals in the ex-
perimental designs. 

Antioxidant Vitamins  
in Human Clinical Trials
Human clinical trials are presented in chron-

ological order. In 2000 patients with coronary 
atherosclerosis randomized to vitamin E (400 or 
800 mg) or placebo, vitamin E treatment has sig-
nificantly reduced the rate of non-fatal myocardial 
infarction, with beneficial effects after one year of 
treatment and with no difference in mortality rate 
[51]. However, because of imbalances in several 
baseline characteristics in that study, randomiza-
tion may have failed to produce truly comparable 
groups. In another study 34,486 older women 
with no cardiovascular disease completed a ques-
tionnaire that included questions about intake of 
vitamins A, C and E; 242 of the women died of 
coronary heart disease, and the questionnaire in-
dicated that increasing dietary vitamin E intake 
might help to prevent coronary heart disease, but 
that increased intake of vitamins A and C does 
not lower the risk of death from coronary heart 
disease [52]. In an epidemiological study covering 
several nations, vitamin C levels have been found 
to be low in Indians and Malays compared with 
Chinese, and it was concluded that vitamin C may 
have a role in reducing the risk of coronary heart 
disease [53].

In a large-scale prospective study of over 1 mil-
lion adult Americans, Watkins et al. investigated 
the relationship between the use of multivitamins 
and death from CVD [54]. Their observations, 
contrary to previous data, “provide limited sup-
port for the hypothesis that multivitamin use in 
combination with vitamin A, C, or E may reduce 
heart disease and cardiovascular disease mortality, 
but add to concerns raised by randomized studies 
that some vitamin supplements may adversely af-
fect male smokers” [54]. Furthermore, the Heart 

Outcomes Prevention Evaluation (HOPE) study 
found that “400 IU of vitamin E administered dai-
ly for four to six years had no beneficial effects on 
cardiovascular outcomes in a high-risk population 
of [older] patients” [55]. 

As noted above, LDL oxidation occurs early in 
the development of CVD – it is known to precede 
foam-cell formation, and supplementation with 
antioxidants might be helpful to patients. Vita-
min E prevents lipoprotein lipid oxidation in the 
diseased vessel wall during lipid oxidation [29]. 
In a food-frequency questionnaire study in older 
men with no history of CVD or diabetes, Wanna-
methee et al. compared fruit and vegetable intakes 
and dietary vitamin C with C-reactive protein, 
an acute phase reactant, and tissue plasminogen 
activator antigen, a marker of endothelial dys-
function. It was found that “vitamin C has anti-
inflammatory effects and is associated with lower 
endothelial dysfunction” in the study group [56]. 
In an in vitro study using human aortic smooth 
muscle cells, Ivanov et al. suggested that “the [nu-
trient mixture] of ascorbic acid, tea phenolics, 
and selected amino acids has potential in block-
ing the development of atherosclerotic lesions by 
inhibiting atherogenic responses” [57]. Carrero 
et al. reported that among men who had under-
gone myocardial infarction and were adhering to 
a cardiac rehabilitation program, daily intake of 
a combination of nutrients (fish oil, oleic acid, fo-
lic acid, and vitamins B and E) decreased plasma 
C-reactive protein, suggesting that these nutrients 
reduce coronary heart disease risk factors [58]. 
However, in another study, high intake of carot-
enoids, but not vitamin E, decreased circulating  
C-reactive protein [59]. Hozawa et al. examined 
the relationship between circulating carotenoids 
and inflammation, oxidative stress, endothelial 
dysfunction and smoking, and found that circulat-
ing carotenoids are associated with smoking, with 
an attenuated relation between dietary intake and 
the risk factors for coronary diseases [60]. 

The Coronary Artery Risk Development in 
Young Adults (CARDIA) Study noted that “hos-
tility is a personality trait associated with the 
increased risk of coronary heart disease”, and 
evaluated “whether the associations of carotenoid 
concentrations with hostility were modified by 
smoking” [61]. The authors suggested that “low 
levels of some serum carotenoids [alpha-carotene, 
beta-carotene, beta-cryptoxanthin and zeaxan-
thin/lutein] may be on the causal pathway in the 
association of hostility and cardiovascular risk” 
[61]. In addition, geographical and ethnic factors 
may have a significant role in CVD. Baghwat et 
al. found a strong relationship between genetic 
factors and ischemic heart disease in rural Indian 
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patients, among whom there is a high incidence of 
hyperhomocysteinemia [62].

Consumption of Dietary 
Antioxidants
Approximately two decades ago, consump-

tion of dietary antioxidants (vitamin E and vita-
min C) was found to be associated with reduced 
CVD mortality rates, suggesting that antioxidant 
vitamins have potent therapeutic effects [63, 64]. 
However, a meta-analysis of randomized clini-
cal trials on vitamin E treatment carried out by 
Vivekananthan et al. consistently revealed a lack 
of beneficial effects, and no support for routine 
use [65]. No statistically significant association 
has been observed between dietary intake of vita-
min C, vitamin E and beta-carotene and mortality 
rate [4]. However, as noted above, greater intake 
of fruits and vegetables has been shown to lower 
risk factors, suggesting that consuming fruits and 
vegetables is a sound health recommendation [4, 
56]. The consumption of fruits and vegetables rich 
in flavonoids and antioxidants should be inves-
tigated in future studies on lowering the risk of 
atherosclerosis and markers of inflammation and 
oxidative stress. Recently, Holt et al. evaluated the 
effects of increased consumption of fruit and veg-
etables on markers of inflammation and oxidative 
stress in adolescents, suggesting that consuming 

five or more servings of fruits and vegetables per 
day can be beneficial for cardiovascular health [5]. 
More randomized and controlled clinical trials in-
vestigating the association between vitamins and 
coronary heart disease are needed. 

Conclusions 
There are several hypotheses regarding the oc-

currence and prevention of atherosclerosis. Oxi-
dized LDL appears to contribute to endothelial dys-
function by reducing endothelial NO bioavailability 
and producing ROS. Vitamin E can to some degree 
prevent the consequences of oxidized LDL, and vi-
tamin C provides NO synthase activity. Prolonged 
use of vitamin supplementations in pharmaceutical 
forms is not currently recommended in human be-
ings although beneficial effects have been shown in 
animal experiments. It should be taken into account 
that the evidence comes from studies on young/
adult experimental animals with early stages of ar-
throsclerosis and from in-vitro studies, while most 
of the clinical trials have included older patients 
in the late stages of CVD. Therefore, the currently 
available evidence needs to be confirmed in clini-
cal trials. Consumption of fruit and vegetable diets 
rich in antioxidant nutrients can be recommended 
for all individuals, and there is some indication that 
such a diet can be beneficial in the prevention of 
cardiovascular events. 

References
  [1]	 Menown IA, Shand JA: Recent advances in cardiology. Future Cardiol 2010, 6, 11–17. 
  [2]	 Khaper N, Bryan S, Dhingra S, Singal R, Bajaj A, Pathak CM, Singal PK: Targeting the Vicious Inflammation-

Oxidative Stress Cycle for the Management of Heart Failure. Antioxid Redox Signal 2010, 13, 1033–1049.
  [3]	 Bourassa MG, Tardif JC, editors: Antioxidants and Cardiovascular Disease (Developments in Cardiovascular 

Medicine). Springer, 2006, 2nd ed. 
  [4]	 Genkinger JM, Platz EA, Hoffman, SC, Comstock GW, Helzlsouer KJ: Fruit, vegetable, and antioxidant intake 

and all-cause, cancer, and cardiovascular disease mortality in a community-dwelling population in Washington 
County, Maryland. Am J Epidemiol 2004, 160, 1223–1233. 

  [5]	 Holt EM, Steffen LM, Moran A, Basu S, Steinberger J, Ross JA, Hong CP, Sinaiko AR: Fruit and vegetable con-
sumption and its relation to markers of inflammation and oxidative stress in adolescents. J Am Diet Assoc 2009, 
109, 414–421.

  [6]	 Victor VM, Rocha M, Solá E, Banuls C, Garcia-Malpartida K, Hernández-Mijares A: Oxidative stress, endothe-
lial dysfunction and atherosclerosis. Curr Pharm Des 2009, 15, 2988–3002.

  [7]	 Landmesser U, Drexler H: General Concepts about Oxidative Stress. In: Antioxidants and Cardiovascular Disease 
(Developments in Cardiovascular Medicine) Eds.: Bourassa MG, Tardif JC, Springer, 2006, 2nd ed., 1–16.

  [8]	 Gumustekin K, Taysi S, Alp HH, Aktas O, Oztasan N, Akcay F, Suleyman H, Akar S, Dane S, Gul M: Vitamin 
E and Hippophea rhamnoides L. extract reduce nicotine-induced oxidative stress in rat heart. Cell Biochem Funct 
2010, 28, 329–333.

  [9]	 Ohara Y, Peterson TE, Harrison DG: Hypercholesterolemia increases endothelial superoxide anion production. 
J Clin Invest 1993, 91, 2546–2551.

[10]	 Hink U, Li H, Mollnau H, Oelze M, Matheis E, Hartmann M, Skatchkov M, Thaiss F, Stahl RA, Warnholtz A, 
Meinertz T, Griendling K, Harrison DG, Forstermann U, Munzel T: Mechanisms underlying endothelial dys-
function in diabetes mellitus. Circ Res 2001, 88, E14–22,

[11]	 Sugamura K, Keaney JF Jr: Reactive oxygen species in cardiovascular disease. Free Radic Biol Med 2011, 51, 
978–992.



Antioxidant Vitamins in Atherosclerosis 121

[12]	 Folden DV, Gupta A, Sharma AC, Li SY, Saari JT, Ren J: Malondialdehyde inhibits cardiac contractile function 
in ventricular myocytes via a p38 mitogen-activated protein kinase-dependent mechanism. Br J Pharmacol 2003, 
139, 1310–1316.

[13]	 Witztum JL, Steinberg D: Role of oxidized low density lipoprotein in atherogenesis. J Clin Invest 1991, 88, 1785–
1792.

[14]	 Yoshida H: Front line of oxidized lipoproteins: role of oxidized lipoproteins in atherogenesis and cardiovascular 
disease risk. Rinsho Byori 2010, 58, 622–630.

[15]	 Morrow JD, Frei B, Longmire AW, Gaziano JM, Lynch SM, Shyr Y, Strauss WE, Oates JA, Roberts LJ: Increase 
in circulating products of lipid peroxidation (F2-isoprostanes) in smokers. Smoking as a cause of oxidative dam-
age. N Engl J Med 1995, 332, 1198–1203.

[16]	 Minuz P, Patrignani P, Gaino S, Degan M, Menapace L, Tommasoli R, Seta F, Capone ML, Tacconelli S, 
Palatresi S, Bencini C, Del Vecchio C, Mansueto G, Arosio E, Santonastaso CL, Lechi A, Morganti A, Patrono C:  
Increased oxidative stress and platelet activation in patients with hypertension and renovascular disease. Circulation 
2002, 106, 2800–2805.

[17]	 Gul M, Demircan B, Taysi S, Oztasan N, Gumustekin K, Siktar E, Polat MF, Akar S, Akcay F, Dane S: Effects of 
endurance training and acute exhaustive exercise on antioxidant defense mechanisms in rat heart. Comp Biochem 
Physiol A Mol Integr Physiol 2006, 143, 239–245.

[18]	 Thomas CE, Jackson RL, Ohlweiler DF, Ku G: Multiple lipid oxidation products in low density lipoproteins 
induce interleukin-1 beta release from human blood mononuclear cells. J Lipid Res 1994, 35, 417–427.

[19]	 Khan BV, Harrison DG, Olbrych MT, Alexander RW, Medford RM: Nitric oxide regulates vascular cell adhe-
sion molecule 1 gene expression and redox-sensitive transcriptional events in human vascular endothelial cells. 
Proc Natl Acad Sci USA 1996, 93, 9114–9119.

[20]	 Cai H, Harrison DO: Endothelial dysfunction in cardiovascular diseases: the role of oxidant stress. Circ Res 2000, 
87, 840–844.

[21]	 Landmesser U, Harrison DG: Oxidant stress as a marker for cardiovascular events: Ox marks the spot. Circulation 
2001, 104, 2638–2640.

[22]	 Landmesser U, Dikalov S, Price SR, McCann L, Fukai T, Holland SM, Mitch WE, Harrison DG: Oxidation of 
tetrahydrobiopterin leads to uncoupling of endothelial cell nitric oxide synthase in hypertension. J Clin Invest 
2003, 111, 1201–1209.

[23]	 Borutaite V, Morkuniene R, Arandarcikaite O, Jekabsone A, Barauskaite J, Brown GC: Nitric oxide protects 
the heart from ischemia-induced apoptosis and mitochondrial damage via protein kinase G mediated blockage of 
permeability transition and cytochrome c release. J Biomed Sci 2009, 16, 70.

[24]	 Aviram M: Review of human studies on oxidative damage and antioxidant protection related to cardiovascular 
diseases. Free Radic Res 2000, 33, S85–97. 

[25]	 Van Gaal L, Mertens I, De Block C: Mechanisms linking obesity with cardiovascular disease. Nature 2006, 444, 
875–880. 

[26]	 Libby P, Ridker PM, Hansson GK: Inflammation in atherosclerosis: from pathophysiology to practice. J Am Coll 
Cardiol 2009, 54, 2129–2138.

[27]	 Faruqi, R, de la Motte C, DiCorleto PE: Alpha-tocopherol inhibits agonist-induced monocytic cell adhesion to 
cultured human endothelial cells. J Clin Invest 1994, 94, 592–600.

[28]	 Devaraj S, Li D, Jialal I: The effects of alpha-tocopherol supplementation on monocyte function. Decreased lipid 
oxidation, interleukin 1 beta secretion, and monocyte adhesion to endothelium. J Clin Invest 1996, 98, 756–763.

[29]	 Upston JM, Terentis AC, Morris K, Keaney Jr JF, Stocker R: Oxidized lipid accumulates in the presence of 
alpha-tocopherol in atherosclerosis. Biochem J 2002, 363, 753–760.

[30]	 Bowry VW, Ingold KU, Stocker R: Vitamin E in human low-density lipoprotein. When and how this antioxidant 
becomes a pro-oxidant. Biochem J 1992, 288, 341–344.

[31]	 Saeed RW, Peng T, Metz CN: Ascorbic acid blocks the growth inhibitory effect of tumor necrosis factor-alpha on 
endothelial cells. Exp Cell Biol (Maywood) 2003, 228, 855–865.

[32]	 Rössig L, Hoffmann J, Hugel B, Mallat Z, Haase A, Freyssinet JM, Tedgui A, Aicher A, Zeiher AM, Dimmeler S:  
Vitamin C inhibits endothelial cell apoptosis in congestive heart failure. Circulation 2001, 104, 2182–2187. 

[33]	 Libby P, Aikawa M: Vitamin C, collagen, and cracks in the plaque. Circulation 2002, 105, 1396–1398.
[34]	 Thiele J, Rompcik V, Wagner S, Fischer R: Vascular architecture and collagen type IV in primary myelofibrosis 

and polycythaemia vera: an immunomorphometric study on trephine biopsies of the bone marrow. Br J Haematol 
1992, 80, 227–234.

[35]	 Yoshikawa K, Takahashi S, Imamura Y, Sado Y, Hayashi T: Secretion of non-helical collagenous polypeptides 
of alpha1(IV) and alpha2(IV) chains upon depletion of ascorbate by cultured human cells. J Biochem 2001, 129, 
929–936.

[36]	 Kawashima S, Yokoyama M: Dysfunction of endothelial nitric oxide synthase and atherosclerosis. Arterioscler 
Thromb Vasc Biol 2004, 24, 998–1005.

[37]	 Heller R, Unbehaun A, Schellenberg B, Mayer B, Werner-Felmayer G, Werner ER: L-ascorbic acid potenti-
ates endothelial nitric oxide synthesis via a chemical stabilization of tetrahydrobiopterin. J Bio Chem 2001, 276, 
40–47.

[38]	 Gao F, Yao C, Gao E, Mo Q, Yan W, Mclaughlin R, Lopez BL, Christopher TA, Ma XL: 2002. Enhancement 
of Glutathione Cardioprotection by Ascorbic Acid in Myocardial Reperfusion Injury. J Pharmacol Exp Ther 301, 
543–550.



S. Ozkanlar, F. Akcay122

[39]	 Papparella I, Ceolotto G, Berto L, Cavalli M, Bova S, Cargnelli G, Ruga E, Milanesi O, Franco L, Mazzoni M, 
Petrelli L, Nussdorfer GG, Semplicini A: Vitamin C prevents zidovudine-induced NAD(P)H oxidase activation 
and hypertension in the rat. Cardiovascular Res 2007, 73, 432–438.

[40]	 Vink H, Constantinescu AA, Spaan JAE: Oxidized lipoproteins degrade the endothelial surface layer: implica-
tions for platelet-endothelial cell adhesion. Circulation 2000, 101, 1500–1502.

[41]	 Fukai T, Siegfried MR, Ushio-Fukai M, Cheng Y, Kojda G, Harrison DG: Regulation of the vascular extracel-
lular superoxide dismutase by nitric oxide and exercise training. J Clin Invest 2000, 105, 1631–1639.

[42]	 Freyschuss A, Stiko-Rahmt A, Swedenborg J, Henriksson P: Antioxidant treatment inhibits the development 
of intimal thickening after balloon injury of the aorta in hypercholesterolemic rabbits. J Clin Invest 1993, 91, 
1282–1288.

[43]	 Palace VP, Hill MF, Farahmand F, Singal PK: Mobilization of antioxidant vitamin pools and hemodynamic 
function after myocardial infarction. Circulation 1999, 99, 121–126.

[44]	 Narang D, Sood S, Thomas MK, Dinda AK, Maulik SK: Effect of dietary palm olein oil on oxidative stress associ-
ated with ischemic-reperfusion injury in isolated rat heart. BMC Pharmacology 2004, 4, 29.

[45]	 Das S, Powell SR, Wang P, Divald A, Nesaretnam K, Tosaki A, Cordis GA, Maulik N, Das DK: Cardioprotection 
with palm tocotrienol: antioxidant activity of tocotrienol is linked with its ability to stabilize proteasomes. Am  
J Physiol Heart Circ Physiol 2005, 289, 361–367.

[46]	 Carlson D, Maass DL, White DJ, Tan J, Horton JW: Antioxidant vitamin therapy alters sepsis related apoptotic 
myocardial activity and inflammatory responses. Am J Physiol Heart Circ Physiol 2006, 291, 2779–2789.

[47]	 Tian N, Moore RS, Braddy S, Rose RA, Gu JW, Hughson MD, Manning RD: Interactions between oxidative 
stress and inflammation in salt-sensitive hypertension. Am J Physiol Heart Circ Physiol 2007, 293, 3388–3395.

[48]	 Matejikova J, Kucharska JD, Ravingerova PT: The Effect of Antioxidant Treatment and NOS Inhibition on the 
Incidence of Ischemia-Induced Arrhythmias in the Diabetic Rat. Heart Physiol Res 2008, 57, S55–S60.

[49]	 Averill MM, Bennett BJ, Rattazzi M, Rodmyre RM, Kirk EA, Schwartz SM, Rosenfeld ME: Neither antioxi-
dants nor genistein inhibit the progression of established atherosclerotic lesions in older apoE deficient mice. 
Atherosclerosis 2009, 203, 82–88.

[50]	 Herrera EA, Verkerk MM, Derks JB, Giussani DA: Antioxidant Treatment Alters Peripheral Vascular Dysfunction 
Induced by Postnatal Glucocorticoid Therapy in Rats. PLoS ONE 2010, 5, e9250.

[51]	 Stephens NG, Parsons A, Schofield PM, Kelly F, Cheeseman K, Mitchinson MJ: Randomised controlled trial 
of vitamin E in patients with coronary disease: Cambridge Heart Antioxidant Study (CHAOS). Lancet 1996, 347, 
781–786.

[52]	 Kushi LH, Folsom AR, Prineas RJ, Mink PJ, Wu Y, Bostick RM: Dietary antioxidant vitamins and death from 
coronary heart disease in postmenopausal women. N Engl J Med 1996, 334, 1156–1162.

[53]	 Hughes K, Ong CN: Vitamins, selenium, iron, and coronary heart disease risk in Indians, Malays, and Chinese in 
Singapore. J Epidemiol Community Health 1998, 52, 181–185.

[54]	 Watkins ML, Erickson JD, Thun MJ, Mulinare J, Heath CW Jr: Multivitamin use and mortality in a large pro-
spective study. Am J Epidemiol 2000, 152, 149–162.

[55]	 Yusuf S, Dagenais G, Pogue J, Bosch J, Sleight P: Vitamin E supplementation and cardiovascular events in high-
risk patients. The Heart Outcomes Prevention Evaluation Study Investigators. N Engl J Med 2000, 342, 154–160. 

[56]	 Wannamethee SG, Lowe GD, Rumley A, Bruckdorfer KR, Whincup PH: Associations of vitamin C status, fruit 
and vegetable intakes, and markers of inflammation and hemostasis. Am J Clin Nutr 2006, 83, 567–574.

[57]	 Ivanov V, Roomi MW, Kalinovsky T, Niedzwiecki A, Rath M: Anti-atherogenic effects of a mixture of ascorbic 
acid, lysine, proline, arginine, cysteine, and green tea phenolics in human aortic smooth muscle cells. J Cardiovasc 
Pharmacol 2007, 49, 140–145.

[58]	 Carrero JJ, Fonollá J, Marti JL, Jiménez J, Boza JJ, López-Huertas E: Intake of fish oil, oleic acid, folic acid, and 
vitamins B-6 and E for 1 year decreases plasma C-reactive protein and reduces coronary heart disease risk factors 
in male patients in a cardiac rehabilitation program. J Nutr 2007, 137, 384–390.

[59]	 Nanri A, Moore M, Kono S: Impact of C-reactive protein on disease risk and its relation to dietary factors. Asian 
Pac J Cancer Prev 2007, 8, 167–177.

[60]	 Hozawa A, Jacobs DR Jr, Steffes MW, Gross MD, Steffen LM, Lee DH: Relationships of circulating carotenoid 
concentrations with several markers of inflammation, oxidative stress, and endothelial dysfunction: the Coronary 
Artery Risk Development in Young Adults (CARDIA)/Young Adult Longitudinal Trends in Antioxidants 
(YALTA) study. Clin Chem 2007, 53, 447–455. 

[61]	 Ohira T, Hozawa A, Iribarren C, Daviglus ML, Matthews KA, Gross MD, Jacobs DR Jr: Longitudinal associa-
tion of serum carotenoids and tocopherols with hostility: the CARDIA Study. Am J Epidemiol 2008, 167, 42–50. 

[62]	 Bhagwat VR, Yadav AS, Rathod IM: Homocysteine, lipid indices and antioxidants in patients with ischaemic 
heart disease from Maharashtra, India. Singapore. Med J 2009, 50, 418–424.

[63]	 Enstrom JE, Kanim LE, Klein MA: Vitamin C intake and mortality among a sample of the United States popula-
tion. Epidemiology 1992, 3, 194–202.

[64]	 Rimm EB, Stampfer MJ, Ascherio A, Giovannucci E, Colditz GA, Willett WC: Vitamin E consumption and the 
risk of coronary heart disease in men. N Engl J Med 1993, 328, 1450–1456.

[65]	 Vivekananthan DP, Penn MS, Sapp SK, Hsu A, Topol EJ: Use of antioxidant vitamins for the prevention of 
cardiovascular disease: meta-analysis of randomised trials. Lancet 2003, 361, 2017–2023. 



Antioxidant Vitamins in Atherosclerosis 123

Address for correspondence:
Fatih Akcay
Ataturk University 
Department of Biochemistry 
Faculty of Medicine 
25240, Erzurum
Turkey
Tel.: +904422315200
E-mail: fakcay@atauni.edu.tr

Conflict of interest: None declared

Received: 19.03.2011
Revised: 30.09.2011
Accepted: 12.01.2012


