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Abstract
Studies have shown that the translation of endothelium from the quiescent to the activated state plays a significant role in the
aetiology of cardiovascular disease and atherosclerosis. The presence of excess reactive oxygen species (ROS), either due to the
presence of pro-oxidant agents or in the presence of risk factors such as diabetes, hyperlipidemia, smoke etc., has been implicated
in endothelium activation with the consequent dysfunctioning of the endothelium. It has been shown that the nitric oxide (NO)
synthesized by the endothelium nitric oxide synthase (eNOS) plays important role in maintaining endothelium integrity by
modulating the vascular tone. The presence of excessive ROS can interact with the NO with consequent production of
peroxynitrite to produce other ROS and pro-inflammatory cytokines in cascade- reactions. These, together with other risk factors
have been implicated in ED-mediated cardiovascular disease. In this review, the data supporting the role of oxidative stress and
inflammation in ED-induced cardiovascular disease and atherosclerosis was examined. Therapeutic approaches using genetics,
phytochemicals and pharmaceuticals methods, in regulating the effects of ROS in ED-mediated cardiovascular morbidity and
mortality and atherosclerosis were also examined.
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INTRODUCTION

The endothelium forms the biological and physical barrier
between the blood in the lumen of the circulating blood
vessel and the rest of the blood vessel wall. It serves as the first
line of defense in the vascular wall against toxic chemicals in
the circulatory blood1.  Maintaining endothelial integrity is
therefore paramount to the function and integrity of the
circulatory system and vascular wall integrity and function.
Endothelial Dysfunction (ED) is a reflection of the balance
between  the  repair  and  injury  to   the   endothelial   layer2.
An excessive injury that overwhelmed repair can lead to ED.
Studies have shown that excessive reactive oxygen species
(ROS)  and  inflammation  cytokines  production  activated  by
the presence of chemicals and xenobiotics drive endothelial
from the quiescent state toward the one that involves host
defense response, which is the hallmark of ED in a chronic
state3,4.   Hence,  ED  plays  a  significant  role  in  the  aetiology
of cardiovascular diseases and atherosclerosis- a chronic
inflammatory disease characterized by the deposit of lipids
and fibrous elements in the large arteries. Consequently, many
studies have highlighted the generation of reactive oxygen
species  and  the  production  of  pro-inflammatory  cytokines
in endothelial dysfunction5,6. This paper will focus on data
supporting the association between oxidative stress,
inflammation and endothelial dysfunction in cardiovascular
diseases and atherosclerosis. In addition, data supporting the
application of antioxidants gene modulation as an effective
therapy in preventing and ameliorating the effects of ED were
also examined.

Endothelial biochemistry and cardiovascular health 
Endothelial dysfunction: Endothelial Dysfunction (ED) is an
important indicator of cardiovascular disease, predicts its
prognosis  and  it’s  closely  associated  with  the  development
of arteriosclerosis7). The term ED could be described as a “loss
of function” of any of the numerous activities of the
endothelium. In the context of vascular diseases, however,
endothelial dysfunction describes reduced dilatory capacities,
particularly reduced nitric oxide (NO) activity2,8,9.

Vascular Endothelial functional alteration is the earliest
stage in endothelial dysfunction and is involved with all forms
of cardiovascular disease2,10, especially in the presence of risk
factors  such  as  obesity,  resistance  to  insulin  and  diabetes
type 211. It has been reported that several factors that
contribute directly to ED are major biomarkers that are
implicated in the risk factors mentioned earlier12. These
biomarkers include but are not limited to  hyperglycemia,  low

High-Density Lipoprotein (HDL) cholesterol, high triglycerides,
high blood pressure, high homocysteine levels, low vitamin D
and high lipoprotein-associated phospholipase A2, elevated
oxidized LDL and LDL13. Furthermore, the levels of these
biomarkers are modulated by impairment of NO
bioavailability, in addition to reduction in endothelium-
mediated vasorelaxation, hemodynamic deregulation,
impaired fibrinolytic ability, growth factor overproduction,
oxidative stress, inflammatory and adhesion molecules genes
induction7,14 and vice versa. Regulation of NO could be
regarded as one of the key or central regulatory mechanisms
that links or connects cardiovascular disease and its
predisposing factors through endothelial dysfunction.

Endothelial dysfunction biomarkers: Adhesion molecules
such as intercellular adhesion molecule 1 (ICAM-1) and
vascular cell adhesion molecule (VCAM-1) and E-selectin,
among others, are typical plasma biomarkers of ED. The
expression of these molecules at the surface of endothelial
cells (ECs) increased in response to stimuli and inflammatory
cytokines production with a consequent increase in leukocyte
binding to the surface of the ECs. Studies have shown an
increase  in  E-selectin  and  ICAM-1  level  to  be  associated
with  an  increased  tendency  of  coronary  heart  disease15,16.
Liu et al.17, have shown that an increase in asymmetric
dimethylarginine (ADMA) protein negatively correlates with
NO levels and thus, could serve as a plasma biomarker of ED,
as increased levels positively correlated with cardiovascular
risk factors such as diabetes mellitus, hypertension, chronic
kidney disease and dyslipidemia17,18. Apart from these, other
indicators of endothelial damage and repair, including
inflammatory cytokines such as IL-1, IL-8, IL-6 and TNF", could
serve as biomarkers of ED16.

Loss of ECs is a hallmark of ED and atherogenesis19,20. This
loss is assessed by the degree of EC apoptosis. When
stimulated by activating agents or during apoptosis,
submicroscopic membranous vesicles are shed directly from
the ECs and these endothelial microparticles carry proteins
and phospholipids of the parent cells such as CD3121,22, which
differentiate EC-derived microparticles from microparticles
derived from erythrocytes, leukocytes or platelets23. Indeed,
the continuous damage of the vascular endothelium is a key
factor, in atherosclerosis initiation and progression, leading to
ED. The elevated level of circulating endothelial microparticles
is found in patients with cardiovascular risk factors such as
diabetes, hypertriglyceridemia and acute coronary11,24. Thus,
circulating microparticles carrying CD31+ may serve as a novel
marker of vascular ED.
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Endothelial, vascular tone and vascular homeostasis: The
endothelium once referred to as a ‘nucleated cellophane
wrapper’ of the vascular tree, is a monolayer of cells covering
the vascular lumen, which was once thought to be relatively
inactive and considered as a mere physical barrier between
circulating blood and the underlying tissues. It was not until
later, that endothelial cells were discovered to be
metabolically active with important paracrine, endocrine and
autocrine functions, needed for the maintenance of vascular
homeostasis under physiological conditions25.

Endothelial cells (ECs) perform many physiological
functions (Fig. 1)26. These functions include, maintenance of
vascular tone homeostasis (producing a balanced amount of
vasodilators and vasoconstrictors), regulation of
antithrombotic, procoagulant and growth factors production
and  production  of  inflammatory  mediators2,10.  In addition,
ECs help in cell adhesion, growth and remodelling of vascular
cells, maintenance of vascular integrity, immune responses,
angiogenesis, vascular permeability and homeostasis27. The
endothelium plays a pivotal role in the regulation of vascular
tone (as shown in Fig. 1) by producing several vasodilators
such as prostacyclin and NO and vasoconstrictors such as
angiotensin-converting enzymes and endothelin, which
regulate thrombosis, vasomotor tone and maintenance of
blood  fluidity28,29. The  NO   is  a vasodilator, synthesized from
L-arginine, by the action of endothelium NO synthase (eNOS),
in the endothelial cells. The synthesized NO is then diffused
into the Vascular Smooth Muscle Cells (VSMC) where, it
activates cyclic guanosine monophosphate (cGMP) with the
consequent dilation of the VSMC30,31 (Fig. 2). In addition, ECs
are also involved in smooth muscle cells proliferation and
migration via balanced vasoconstriction and vasodilation as
well as platelets aggregation and adhesion2,32 and
thrombogenesis. Thus, unsettling this tightly regulated
equilibrium leads to endothelial dysfunction.

Endothelial dysfunction, oxidative stress and inflammation:
Endothelium, being an emergent and complex system, is
multifunctional, highly distributed in space and has an
enormous behavioural repertoire, which makes it a powerful
organizing system in human health and disease. It is also
involved in numerous pathological states either as primary
determinants of physiopathology or as victims of collateral
damages11. Endothelial dysfunction is best described as the
diminished production or availability of nitric oxide (NO)
and/or an imbalance in the relative contribution of
endothelium-derived  relaxing  and  contracting  factors,  such
as endothelin-1 (ET-1), angiotensin and oxidants2. The NO,
generated by the conversion of the amino acid  L-arginine  to

NO and L-citrulline by the enzyme NO synthase (NOS), is the
key endothelium-derived relaxing factor that plays a pivotal
role in the regulation of vascular tone and vasomotor
function29.  Little  amounts  of  NO  produced by endothelial
cells give rise to smooth muscle relaxation and vasodilation
and  are  anti-thrombogenic  to  platelets  (Fig.  2).  Thus,  the
onset of myocardial ischemia occurs when there is impairment
in endothelium-dependent vasodilation in the coronary
arteries.

Endothelial dysfunction and oxidative stress: Oxidative
stress is a unifying mechanism involved in the injury of many
types of disease processes. It describes the condition of an
imbalance between the pro-oxidants (generation of ROS) and
the    antioxidant    defence    systems    in    the   body   so  that
the latter becomes overwhelmed33. The ROS are a family of
highly reactive species that are formed either enzymatically or
non-enzymatically in mammalian cells and cause cell damage
either directly or through behaving as intermediates in diverse
signaling  pathways34.  The  generation  of  water   from
oxygen in mitochondria  is  an  enzymatic  process  in  which
intermediates of oxygen reduction do not leave the system
before  the  process  is  finished.  The ROS played a pivotal role
in the pathogenesis of endothelial dysfunction by causing
progressive  deterioration  in  the  endothelial  cells (ECs)
through dysfunction, apoptosis and pro-inflammation of the
ECs8,35. In the presence of cardiovascular risk factors, such as
diabetes, smoking, ageing and prooxidants such as air
particulate matter, heavy metals and polycyclic hydrocarbons
(PAHs), the endothelium can generate excess ROS and
proinflammatory cytokines leading to vasomotor dysfunction
and fibrinolytic imbalance with consequent myocardial
ischemia, infarction and arrhythmia (Fig. 3)36,37. We have
shown that exposure of apolipoprotein E deficient (ApoEG/G)
mice to diesel exhaust particles by oropharyngeal aspiration
results in an increase and destabilization of atherosclerotic
lesions with other cardiovascular effects, which is
accompanied by increased expressions of antioxidant genes
such as HO-1, NQO1 and Nrf2, probably in response to
increased oxidative stress38.

The function of the endothelium is pivotal to
cardiovascular integrity, hence endothelial dysfunction is an
important factor in cardiovascular disease aetiology and
atherogenesis. It is well-established that oxidative stress plays
a central role in endothelial dysfunction and thus, in the
development and pathogenesis of cardiovascular disease and
atherosclerosis8. Endothelial function impairment involves
several  mechanisms,  of  which  NO  production  impairment
or  ROS  (main   superoxide)   production   escalation   plays   a
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Fig. 1: Metabolic and synthetic functions of endothelial cells 
ECs secret a large variety of mediators that can influence cellular functions throughout the body and adapted from Triggle et al.27

Fig. 2: NO production in endothelial cells
NO synthesized in the endothelial cells activates cGMP in the VSMCs resulting in the vasodilation of the latter and modified from Ambrosino et al.32

prominent role39. Indeed, the inactivation of NO by increasing
oxidative stress is one important mechanism by which the
endothelium-dependent vasodilation process is impaired.
Cardiovascular risk factors, such as hypertension, diabetes,
ageing, smoking and other inflammatory biomarkers, which
may cause NO and ROS production dysregulation may be
proathrogenic40.

Under physiological conditions, endothelial cells produce
reactive  oxygen  species  (ROS)  such as superoxide (O2

•G) and
hydrogen peroxide (H2O2) in a careful and tightly regulated
manner for use as second messengers in redox signaling
pathways. However, in vascular disease (s), the ROS in vascular
cells is relatively overproduced such that these molecules
overpower the cellular antioxidant pathways. The NO helps in
maintaining the integrity of the vascular wall. However,  in  the

presence of ROS such as peroxynitrite (ONOOG) and decrease
arginine, superoxide anions (O2G) production increases due to
the uncoupling of eNOS. Hence, more peroxynitrites are
produced as a result of excessive O2G reaction with NO,
thereby  causing  structural  and  functional   alterations   of
ECs (Fig. 4)41.  In addition, the iron-catalyzed Haber-Weiss
reaction between O2 and H2O2, which gives rise to hydroxyl
radicals (OH•) also contributes to ECs dysfunction (Fig. 4)42.
Peroxynitrite and OH• are extremely powerful oxidizing
species and, along with O2

•G and H2O2, cause endothelial
dysfunction through direct oxidative damage to cellular
macromolecules, impairment of the NO signaling pathway
and activation of pro-inflammatory signaling cascades.
Research  findings  suggested  that  the  elevated  ROS
production   in   vascular  pathophysiology  is  the  result  of  a
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Fig. 3: Oxidative stress-induced endothelium dysfunction mediates cardiovascular events 
Presence of prooxidants activates the endothelium due to oxidative stress and proinflammatory cytokines production with the consequent cardiovascular
events such as myocardial ischemia and infarction and modified from Mills et al.37

Fig. 4: Reactive oxygen species (ROS) production in vascular cells 
Presence  of  a  varied  number  of  oxidant  and  antioxidant  enzymes  in  vascular  tissues  contributes  significantly  to  ROS  production  and  elimination,
SOD,  superoxide  dismutase,  exSOD,  extracellular  SOD,  O2

•G,   Superoxide,   OH•,   hydroxyl   radical,   ONOOG,   peroxynitrite,  H2O2,   hydrogen   peroxide,
H4B, tetrahydrobiopterin, MnSOD, manganese SOD, Cu/ZnSOD, copper/zinc SOD and adapted from Wassmann et al.41

complex feed-forward mechanism whereby a primary source
of ROS (NADPH oxidases) leads to dysfunction of endothelial
nitric oxide synthase, xanthine oxidase and the mitochondrial
electron transport chain, so that these enzymes become
secondary sources of ROS and major contributors to vascular
oxidative stress (Fig. 4)43.

Endothelial dysfunction and inflammatory stress: The
induction of atherosclerotic indices (such as plaques and
lesions formation) in the vascular system is mediated by
increased production of inflammatory cytokines irrespective
of the risk factor31. Inflammation is an adaptive response of the

cells to deal with inflammatory and oxidative agents and
debris in the vascular system and is an important step toward
blood  vessel  repair  and  maintenance  of  tissue  integrity.
The increased inflammatory cytokines production due to the
persistent presence of atherosclerotic protagonists in the
vascular system results in the disruption in the normal
function of the endothelial cells. 

The presence of neutrophils and fluid protein exudates
can be used to determine an acute inflammation.
Inflammation is terminated when the injurious stimulus is
removed  and all the mediators are dissipated or inhibited. The
three stages  involved  in  acute  inflammation  in  a  vessel  are
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vasodilation, increased permeability of microvasculature and
vascular stasis44. The delayed sustained response is observed
as endothelial cells undergo cytoskeletal changes that disrupt
junctions in venules and capillaries2. The factors involved in
the delayed sustained response are interleukin (IL)-1, Tumour
Necrosis Factor-Alpha (TNF-"), interferon-gamma (INF-(),
hypoxia and sublethal injury. Cytokines are produced mainly
by lymphocytes and macrophages after stimulation by injury,
toxins or inflammatory mediators and they include
lymphokines, monokines, chemokines, colony-stimulating
factors, interleukins and growth factors. 

The production of cytokines, chemokines and adhesion
molecules in an activated endothelium contributes to
cardiovascular morbidity and atherogenesis8. Furthermore,
oxidative stress via increased ROS production could trigger
excessive  production  of  inflammatory   cytokines   such   as
IL-leading to ED due to the over-production of MCP-1, IL-6 and
VCAM-131. 

Endothelial dysfunction and therapeutic approaches:
Different enzymes expressed in vascular cells play a significant
role in the production and removal of ROS. Thus, alteration of
the activity and expression of these enzymes (i.e oxidants and
antioxidants) may cause an imbalance in the redox status,
which may cause oxidative stress in the vascular cells (Fig. 4).
Antioxidants, generally, can be grouped into endogenous and
exogenous depending on whether they are produced within
the body or obtained from an external source. The body relies
on several endogenous, as well as dietary antioxidants,
defence mechanisms to help protect against free radical-
induced cell damage. Glutathione peroxidase, catalase and
superoxide dismutase (SOD) are antioxidant enzymes that
metabolize oxidative toxic intermediates and as such require
micronutrient cofactors such as selenium, iron, copper, zinc
and manganese for optimum catalytic activity. A study
suggested that an inadequate dietary intake of these trace
minerals may compromise the effectiveness of these
antioxidant defence mechanism45. The exogenous
antioxidants are sources or provided for through food or
supplements as they cannot be produced by the body. These
supplements include vitamins C and E, carotenoids, trace
metals (selenium, manganese and zinc), flavonoids, omega-3
and omega-6-fatty acids etc. Vitamin C also known as ascorbic
acid is a water-soluble vitamin, which is a labile molecule that
may be lost during cooking46.

Some studies have found the consumption of flavonoid-
rich fruit and vegetables, potassium and arginine
supplementation help to restore impaired endothelial
function47.  So  further  understanding  of  its  mechanisms  of

action and possible therapeutic targets will be of great
importance.  Reduction  in  reactive  oxygen  species (ROS)
levels by vitamins A, C and E help to improve endothelial
function with a consequent reduction in cardiovascular
events. 

Furthermore, data have revealed the relationship
between  increased  oxidative  stress,  hypercholesterolemia
and endothelial dysfunction2. Supposed mechanisms for
endothelial dysfunction include poor utilization of L-arginine
substrate, impaired signal transduction of membrane
receptors that enhance endothelial NO synthesis and more
ADMA concentrations that inhibit NO synthase and later
reduce NO production. In addition, oxidative stress also leads
to a loss in NO level due to oxidative modification31.

The precise mechanisms by which antioxidants modulate
endothelial function are unclear. Antioxidants may be
protective against oxidative stress and preserve NO by
scavenging ROS and inhibiting oxLDL formation. Vitamin E
alone reduces ROS and apoptosis in endothelial cells that are
induced by oxLDL48. Furthermore, the combination of vitamin
C and E has been shown to protect endothelial cells from the
cytotoxic effects of oxLDL49. Antioxidants may also enhance
endothelial NO synthase (eNOS) activity. It has been shown
that eNOS activity is impaired in hypercholesterolemia50. Loss
of eNOS in the endothelium coupled with impaired NO
synthesis in hypercholesterolemic vessels may cause
endothelial dysfunction51.

Effects of pharmaceutical and phytochemical sources of
antioxidants on ED: Several pharmaceutical and
phytochemical molecules have been reported to protect
against free radical attack and oxidative stress in endothelial
cells4,52. Plants, as an indispensable constituent of the human
diet supplying the body with vitamins, mineral salts and
certain hormone precursors as well as protein and energy,
contain hundreds of phytochemicals such as flavonoids and
phenolic acids as well as their derivatives, which have
previously been shown to have high antioxidant activity49.
Phytochemicals are bioactive compounds found in vegetables,
fruits, cereals grains and plant-based beverages such as tea
and wine. Studies have shown that the consumption of these
bioactive compounds is linked with a reduction in the risk of
several types of chronic diseases due (in part) to their
antioxidant and free radical scavenging effects47,49. Recent
research has also highlighted their potential role in improved
endothelial  function  and  increased  vascular  blood  flow49.
For example, resveratrol, a polyphenolic compound found in
grapes and wine, is a scavenger of hydroxyl, superoxide and
metal-induced   radicals53.   It,   therefore,   contributes  to  red
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wine’s potential to prevent human cardiovascular disease.
Resveratrol protects against cardiac ischemia/reperfusion
injury54 and also activates adenosine receptors, stimulates
nitric oxide (NO) release and induced antioxidative
enzymes55,56. Resveratrol has been shown to upregulate
catalase and HO-1 in rat aortic segments and vascular tissues55.
In addition, treatment of cultured aortic smooth muscle and
human endothelial cells with resveratrol caused an increase in
NQO1, GST and catalase mRNA expressions56.

We have shown that antioxidants from fermented and
green rooibos (Aspalathus linearis) and honeybush (Cyclopia
species) teas protect Human Umbilical Vein Endothelial Cells
(HUVECs) from the oxidative and pro-inflammatory effects of
diesel exhaust particles (DEP) by attenuating ROS generation
and VCAM-1, IL-1", IL-6 and IL-8 genes expressions57. In
addition, these teas induced the expressions of cytoprotective
enzymes such as NQO1, (GSC and CYPIB1.

Pharmaceutical  source  of  antioxidant  has   great
positive effects on endothelial function. There is enough
epidemiologic evidence linking the intake of pharmaceutical
antioxidant vitamins such as vitamin E and vitamin C, with
decreased risk of coronary artery disease47,49. Consumption of
vitamin E supplements causes a decrease in the risk of
cardiovascular heart disease (CHD) and an inverse relationship
between dietary vitamin E intake and coronary mortality has
been established58. An epidemiological study showed that
dietary vitamin E intake, as opposed to supplemental vitamin
E, was inversely associated with the risk of death from CHD59.
Indeed, reduced risk of all causes of mortality and coronary
artery disease mortality is associated with increased vitamin E
consumption (including dietary and supplements). Moreso,
supplementation with both vitamin E and C further reduced
the risk of CHD suggesting synergistic effects of these two
vitamins.

The effects of pharmaceuticals in ED were also elucidated
in our in vitro study. We found that the use of copper
protoporphyrin (CoPPIX), a known inducer of HO-1, protects
endothelial    cells    against    the    pro-inflammatory    and
pro-oxidant effects of DEP, leading to the survival of the
endothelial cells4. In contrast, tin protoporphyrin, an inhibitor
of HOG1, escalates the oxidative stress and proinflammatory
effects of DEP on endothelial cells. Both the pharmaceutical
and dietary phytochemical sources of antioxidants reduce the
susceptibility of LDL oxidation and scavenge free radicals
within the body, reducing the overall oxidative status of the
cell. For example, vitamin E or tocopherol has been reported
to inhibit LDL oxidation and leukocyte adhesion in vitro60.
Indeed, vitamin E is reported to reduce the inflammatory
biomarkers in the serum of adults in randomized  clinical  trial

investigations61. Studies have shown that the antioxidants
from pharmaceutical and dietary sources improve
endothelium-dependent vasodilation49. Other antioxidants
aside from vitamins E and C are flavonoids, polyphenols and
probucol-containing foods, such as red wine, tea, onions,
garlic and apple. Furthermore, the study has reported
alleviated  coronary  artery  disease  (CAD) in humans after the
consumption of green tea62. Other fruits also have antioxidant
properties as their consumption is linked with reduced
(cardiovascular) CV risk63. In addition, anti-oxidant vitamins 
are  scavengers  of  reactive  oxygen  species  (ROS) and  thus 
they  prevent  the  conversion  of  NO  to peroxynitrite and
increase NO bio availability8. Recently, we have also shown
that naringenin, a flavanone in citrus fruit, protects  the 
cardiovascular  system  from the oxidative and pro-
inflammatory  effects  of  diesel  exhaust  particles  in exposed
rats64, thus confirming the therapeutic effect of
phytochemicals in enhancing endothelium functions.

Effects of genetic modulation of antioxidant enzymes on
ED: Modulation of the antioxidant gene could proffer
protection against endothelial dysfunction in an event of
exposure to pro-oxidants. For example, we have previously
reported that the upregulation of Heme Oxygenase -1 (HO-1)
protects the endothelial cells against diesel exhaust particle
(DEP)-induced oxidative stress and pro-inflammatory
response4. A contrasting effect was seen when the HO-1 gene
was silenced, with exacerbation in ROS and inflammatory
cytokines production in the endothelial cells.

Effects of gene therapy directed toward modulation of key
genes in ED: Gene therapy can be said to be the therapeutic
delivery of nucleic acid polymers into a patient’s cells as a drug
to treat diseases65. It is also a way to correct genetic mutation
arising from the source. The NOS are an important target for
vascular protection2 and are responsible for the production of
NO as discussed earlier (Fig. 2). Endothelium-derived nitric
oxide (NO) performs a plethora of vasculo-protective actions
and also involves in vasorelaxation, inhibition of VSMC
proliferation and migration and inhibition of platelet
activation and adhesion2. Thus targeting the NOS gene for
therapy could be an important mechanism in the
maintenance  of  endothelium  and  vascular  integrity. The
NOS  gene  transfer  makes  use  of  a  mechanism to increase
nitric oxide bioactivity and enhance the anti-atherogenic
properties  of  the  vessel  wall.  Studies  have  shown  that
delivery of the manganese superoxide dismutase gene
improved  vascular  role  in  pre-arteriosclerotic  carotid  artery
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hypercholesterolaemic in newborn66. Another therapeutic
potential is the use of autologous endothelial progenitor cells
(EPC) transplantation for the repair of damaged blood vessels
and bio-engineering of bio-prosthetic grafts67. Targeted
delivery of pro-angiogenic factors such as vascular endothelial
growth (VGF) may be useful in the treatment of myocardial
and peripheral ischaemia. Blockage of monocyte infiltration
and activation in the arterial wall by inhibition of monocyte
chemo-attractant protein-1(MCP-1) receptor activation was
shown to retard the onset of atheroma and to limit the
progression and destabilization of the established
atherosclerotic lesion in ApoE deficient mice68. Overexpression
of antithrombotic genes of sites in the vessel wall at risk of
thrombosis may be a feasible protective strategy for
vulnerable plaque and prevention of acute coronary events.

CONCLUSION

Endothelial dysfunction involves the transition of
endothelium from the quiescent to the activated state and
plays a key role in cardiovascular disease and atherogenesis.
Data have shown that the upregulation of reactive oxygen
species and pro-inflammatory cytokines play important roles
in Endothelial dysfunction. Thus, modulation of antioxidant
gene and protein expressions can be of importance in
regulating endothelium activity. 

FUTURE PERSPECTIVE

Despite numerous data supporting the use of
pharmaceutical and phytochemical antioxidants in protecting
against endothelial dysfunction and cardiovascular disease,
much work still needs to be done in the use of vector-
mediated antioxidant gene delivery. This will involve
understanding the detailed molecular basis in the regulation
of the oxidative stress and inflammatory response in
endothelium activation to proffer ways to prevent their
adverse effect thereby enhancing lifespan.

SIGNIFICANCE STATEMENT

Cardiovascular diseases are the leading cause of death
worldwide and an estimated 17.9 million deaths occur each
year as a result of cardiovascular conditions. Endothelium cells
form the first line of defense against chemical insults and free
radicals attacks in the vascular system and thus play a
significant role in protecting against cardiovascular morbidity
and  mortality.  It  thus  becomes  imperative  to evaluate the 

different forms of therapies that could be effective in
ameliorating the adverse cardiovascular effects of toxic agents
via damage to the endothelial. An in-depth insight into the
different therapeutic approaches directed against the
development  of  endothelial  dysfunction  shows  that  gene-
target therapy complemented with other pharmacological
and phytochemical treatments may be very effective in
mitigating the development of cardiovascular conditions and
thus enhancing life span and well-being.
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