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Abstract: Cardiovascular disease is a compound name for clusters of disorders afflicting the heart and blood ves-
sels; it is assuming an increasing role as a major cause of morbidity and mortality. Unhealthy practices such as
smoking, high intake of saturated fat and cholesterol, diabetes and physical inactivity are predisposing factors. The
risk factors cause alteration in vascular integrity, compromised membrane integrity, increase free radical genera-
tion and reduced endogenous antioxidant system resulting in oxidative stress. Substance with ability to maintain
vascular integrity, prevent, or reduce radical formation are able to treat cardiovascular disease. Conventional drugs
in use to this effect are with side effect and as alternative, medicinal plants are increasingly gaining acceptance
from the public and medical professionals. Reports have shown that bioactive compounds in plants with antioxi-
dant, anti-inflammatory, ability to protect vascular endothelium, prevent lipid oxidation, and augment endogenous
antioxidant system are cardioprotective. Phenolics and flavonoids in medicinal plants have been widely reported to
play these major roles. This study reviewed the role of bioactive compounds in medicinal plants using a wide range

database search.
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Introduction

The burden of chronic diseases among which
cardiovascular disease (CVD) is named is
increasing rapidly worldwide [1]. Cardiovascular
disease is a compound name for clusters of
disorders afflicting the heart and blood ves-
sels. They include high blood pressure (hyper-
tension), coronary heart failure (heart attack)
cerebrovascular disease (stroke) and heart fail-
ure [1, 2].

CVD is assuming an increasing role as a major
cause of morbidity and mortality [3]. About
17.3 million death was estimated because of
CVD by WHO in 2013 [4] and it has been fore-
cast to increase up to 23.3 million in 2030.
Different habits and unhealthy practices have
been termed predisposing factors to CVD, this
include high intake of saturated fat and choles-
terol [5], stress, cigarette smoking, physical

inactivity and diabetes [2], atherosclerosis and
hypertension [6]. The pathogenesis of CVD
through these factors is by causing oxidative
stress, which is characterized by upsurge in
reactive oxygen species beyond the threshold
of the endogenous antioxidant system [7],
endothelial dysfunction [8] or alteration in the
vasculature/vascular injury resulting in the
mobilization of inflammatory markers [9].

Endothelial dysfunction refers to impairment
of endothelium dependent vaso-relaxation
caused by a loss of Nitric oxide bioavailability in
the vessel wall observed in the presence of car-
diovascular risk factors [10, 11]. The decreased
bioavailability of NO allows diminished anti-in-
flammatory properties of the endothelial cell,
permitting the activity of growth factors on the
cell surface and platelet activation to act as
chemo attractants to a parade of inflammatory
events [12]. However, any substance with anti-
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inflammatory and antioxidant activity as well as
substance with protective activity on the vascu-
lar endothelium will be important in treating
CVD. Bioactive compounds present in medici-
nal plants play these active roles [13]. The
interest of this review is to know the major roles
bioactive compounds in plants could play in the
CVD treatment.

Commonly used conventional drugs in the
treatment of CVD are with side effects [14] and
are very expensive [15], hence the need for a
safer, cheaper, and more potent alternative.
Herbal medicine is increasingly gaining accep-
tance from the public and medical profession-
als due to advances in the understanding of the
mechanisms by which herbs positively influ-
ence health and quality of life [16]. There is
increasing trend in the use of medicinal plants
to treat CVD [17, 18]. The therapeutic proper-
ties of medicinal plants arise from the charac-
teristics bioactive secondary metabolites pres-
ent in them [19]. These secondary metabolites
with biological activity in plants and other tradi-
tional nutrients that have beneficial effect on
human health are termed phytochemicals [20].
Several drug lead from plants have developed
and being derived for the development of com-
mercial drug preparation [21]. Over 2000
plants have been listed in the traditional i.e.
herbal/alternative systems of medicine and
some of these are providing comprehensive
relief to the people suffering from CVD, espe-
cially hyperlipidemia and ischemic heart dis-
ease [22]. In addition, herbal treatments have
been used in patients with congestive heart
failure and atherosclerosis [23].

Risk factors in the pathogenesis of CVD

Several processes underline the pathogenesis
of CVD. Evidence has suggest that most risk
factors of CVD increase the risk of ROS produc-
tion [7]. In addition, other processes such as
the expression of adhesion molecules, the pro-
liferation, and migration of smooth muscle
cells, the apoptosis of endothelial cells, the oxi-
dation of lipids, alteration of vasomotor activity,
the activation of metalloproteinases [24, 25]
are triggered by CVD risk factors. The factors
include hypercholesterolemia, diabetes melli-
tus, arterial hypertension, smoking, age and
nitrate intolerance [7] and cancer [26].
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Atherosclerosis

Simply speaking, inflammation occupies a very
important central position in all phases of ath-
erosclerosis and this is the underlying cause of
heart attack [27]. There is a general agree-
ment regarding atherosclerosis as an inflam-
matory disease that is associated with lipid and
protein oxidation in the vascular wall [28, 29].
Furthermore, high plasma concentration of
cholesterol, in particular those of low-density
lipoprotein (LDL) cholesterol is one of the princi-
pal risk factors [105] and the process of ath-
erogenesis has been considered by many to
consist largely of the accumulation of lipids
within the artery wall and even much more
[106]. At inflammatory sites, the local cellular
environment is enriched with cytokines, che-
mo-attractant, chemokines and reactive oxy-
gen species such as superoxide anion that are
mainly produced by the activated leukocytes
adhering to the endothelium [30] which can
result in atheroma buildup and consequently
block the free flow of blood in the artery [31].
Oxidative stress has been implicated in athero-
genesis through the oxidative modification of
low-density lipoprotein in the arterial wall by
ROS [7], which can result in atherosclerotic
lesions [32]. Atherosclerosis, which simply
means the buildup of plague in the inner lining
of coronary artery [33]. The plague is an unsta-
ble collection of lipids and white blood cell
(WBC) in the wall of artery [33]. When this
plague ruptures, catastrophic thrombus forma-
tion occurs, occluding the artery and prevent-
ing blood flow downstream, a process that
results in myocardial infarction (heart attack)
[34]. The myocardial tissue is typically aerobic,
meanwhile metabolic processes are almost
dependent upon oxygen availability, and this is
confirm by the abundance of mitochondria and
myoglobin in the cardiomyocytes [35]. Because
of this, the myocardial cells are highly sensitive
to oxygen deficiency and so when blockage of
blood flow to the myocardial tissue occur and
oxygen shortage environment (ischemia) char-
acterized by decreased energy supply and aci-
dosis caused by anaerobic glycolysis induced
by oxygen deficiency, the result in serious car-
diac damage in the ischemic region [36, 37]
(Figure 1).

Endothelial dysfunction is characterize by the
loss of nitric oxide bioavailability in the vessel
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Figure 2. Hypercholesterolemia induced oxidative stress in the pathogenesis ated

of CVD. Source; [7].

wall. It occurs in the presence of elevated and
modified LDL, increased free radical genera-
tion caused by cigarette smoking, hyperten-
sion, diabetes mellitus and genetic alterations;
elevated plasma homocysteine concentrations,
infectious microorganisms such as herpes vir-
uses or Chlamydia pneumonia; and combina-
tion of these or other factors [106] have been
described in the pathogenesis of CVD including
atherosclerosis [6]. The consequent endotheli-
al dysfunction is the alteration in the compen-
satory responses of the normal homeostatic
properties of the endothelium such as increase
in the adhesiveness of the endothelium with
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respect to leukocytes or pla-
telets, as well as its permea-
bility, presence of procoagu-
lant instead of anticoagul-
ant properties and formation
of vasoactive molecules, cy-
tokines, and growth factors
[106]. Cardiovascular diseas-
es (CVDs) like myocardial in-
farction (heart attack), acute
coronary syndrome, or stroke
arise on a background of
plaques and lesions inside
the arteries [107, 108]. Hen-
ce, hypercholesterolemia, hy-
pertension, and obesity are
high risk factors in the pro-
gression of CVD [109]. The
lesions of atherosclerosis rep-
resent a series of highly spe-
cific cellular and molecular
responses that can best be

described, in aggregate, as an
inflammatory disease [110-

112] which occur principally

in large and medium-sized
elastic and muscular arteries

and can lead to ischemia of

the heart, brain, or extremi-

ties, resulting in infarction

[106], a lesions that may be
present throughout lifetime.

Hyperlipidemia/hypercholes-
terolemia

Risk factors including elev-
low-density lipoprotein

cholesterol, low level of high-

density lipoprotein cholester-
ol have been identified as primary cause of
CVD [38]. Total cholesterol can be broken into
diagnostic lipoprotein profile, including high-
density lipoprotein (HDL), low-density lipopro-
tein (LDL), intermediate density lipoprotein
(IDL), very low-density lipoprotein (VLDL), chylo-
micron remnants, and triglycerides [9]. Hyper-
cholesterolemia stimulates the production of
superoxide anion radicals from the smooth
muscle cells of vessels, an event that leads
to increased oxidation of LDL (Figure 2), conse-
quently, mobilization of macrophages for oxi-
dized-LDL uptake. LDL as an atherogenic lipo-
protein with access to the sub-endothelial
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space undergoes oxidative modification when
trapped in the intracellular matrix [39]. The
uptake of oxidized LDL by macrophages is easy
compared to non-oxidized lipoprotein [7]. The
LDL uptake by the macrophage begins to devel-
op into foam cells between the basal lamina of
the endothelium and the smooth muscle layer
[40, 42]. These foam cells lead to the produc-
tion of numerous inflammatory and oxidative
stress markers, cytokines, chemokines, and
growth factors, which aggravate the balance of
endothelial equilibrium leading to vascular dys-
function [42]. Harrison [43] report that leuko-
cytes (macrophages) that are recruited due to
endothelial injury signal and inefficiencies with-
in smooth muscle cell mitochondrial metabo-
lism are one of the major source of oxidant
within the vasculature.

Studies showed hypercholesterolemia leads to
an inflammatory response within the vascula-
ture, reflected by endothelial cell activation,
leukocyte recruitment, rolling and adherence
as well as platelet activation and adhesion [44,
45]. Leukocyte activation can subsequently
obstruct capillary networks and thus reduce
pumping [46] i.e. atherosclerosis (Figure 2). In
hyperlipidemia/atherosclerotic patients, adap-
tation to oxidative stress is poor; this is due to
the impairment in the endogenous mecha-
nisms against myocardial stress [47]. The role
of cholesterol in the interruption and alteration
of vascular structure and function as it builds
within the lining of the vascular wall leading
to lesions, plagues, occlusion, reduction in
healing, recovery and appropriate management
of ischemia/reperfusion injury has been de-
scribed [9, 48].

The overall activity of high cholesterol level has
been described as induction of hyperlipidemia
consequently resulting in the plaguing of arte-
rial wall, alteration of vascular function result-
ing in the decreased bioavailability of nitric
oxide, diminishing of the anti-inflammatory
properties of the endothelial cell.

Drugs

Chemotherapy as a method for treating can-
cer has yielded significant clinical benefits
although its full therapeutic effectiveness is
mask with severe side effects [49] one of which
includes cytotoxicity. Conventional drugs in
cancer treatment have been implicated in car-
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dio toxicity induction [50, 51] through the gen-
eration of highly cytotoxic free radicals [51, 52].

In many models, Doxorubicin and isoprotenol
are commonly in use for the induction of cardio-
vascular disease. Several research described
the method by which the two anticancer drugs
induce cardio toxicity [34, 50]. Isoprotenol gen-
erates highly cytotoxic free radicals that stimu-
late peroxidation of membrane phospholipids
leading to myocardial membrane damage [16].

Reactive oxygen species (ROS) in the progres-
sion of CVD

Since CVD is typically progressive and often
associated with inter-related disease states
(i.e. atherosclerosis, hypertension) several re-
cent studies have demonstrated that altered
oxygen utilization and/or increased formation
of reactive oxygen species (ROS) contribute to
CVD progression [53]. ROS as well as RNS are
normal cellular metabolic products [30]. They
participate in normal cell signaling as media-
tors that regulate vascular function [54-56].
The endothelium smooth muscles and adventi-
tia layers of the vascular wall produce ROS [57].
Under physiological condition, production of
free radicals is in low concentration and play
regulatory roles in the vascular system [59, 60].
For example, studies in animal models have
described the pathway in the etiology of Ml and
implicated it to increase free radical activity
with consequent lipid peroxidation [113-115].

Vascular risk factors such as hypertension, dia-
betes, smoking, dyslipidemia, and atheroscle-
rosis are associated with a marked increase in
vascular ROS production [7, 60]. In oxidative
stress (i.e. increase production of free radicals
or deficiency of enzymatic or non-enzymatic
antioxidants), oxidant metabolites exert their
toxic effect because of altered cellular mecha-
nism of protection [61] consequently, modifica-
tion of LDL to oxidized LDL or cellular lipids,
proteins and DNA [30]. Reduced production
and increased consumption of nitric oxide with
possible vascular impairment is implicative of
oxidative stress [62]. The consequent impair-
ment of NO production results in vasoconstric-
tion, platelet aggregation, and leukocyte-endo-
thelium adhesion [63], which is the hallmark of
cardiovascular risk and even progression of
atherosclerotic disease [64].
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Alteration in the vascular tone (vascular homeo-
stasis) from the toxic effect of free radicals as a
consequent of increased production of ROS,
leads to the accumulation of damage in various
cellular locations and to the deregulation of
sensitive metabolic and signaling pathway [30].

Nitric oxide is a key signaling messenger in the
cardiovascular system [65], in addition to its
function as endothelial derived relaxing factor,
other functions in cardiovascular physiology
include maintenance of vascular integrity by
inhibiting platelet aggregation [66, 67], leuko-
cyte-endothelium adhesion [69] and vascular
smooth muscle proliferation [69]. Endothelial
nitric oxide synthase activity on L-arginine
results in NO production [24].

Evidence has shown that the protective role of
nitric oxide (NO) can turn around to be pro-ath-
erosclerotic elements, producing several vas-
cular contracting pro-aggregating and pro-
inflammatory factors including cyclooxygenase
derived products and ROS which in turn causes
NO breakdown in the presence of CVD risk fac-
tors [70]. In other words, endothelial dysfunc-
tion in impaired NO availability is considered an
early and major promoter for thrombosis and
atherosclerosis [64]. When endothelial nitric
oxide synthase (eNOS) is uncoupled, NO and
superoxide radical can react together to pro-
duce peroxynitrite anion. The anion is a potent
oxidizing agent with ability to causing oxidative
damage to biomolecules with subsequent inhi-
bition of their biological function [71].

Conclusively, increased ROS generation impairs
NO bioavailability and consequently endotheli-
um dysfunction that has been describe in the
pathogenesis of cardiovascular disease.

Role of bioactive compounds in medicinal
plants investigated as cardio-protective

Research has reported the cardio-protective
properties of different medicinal plants and the
roles are link to bioactive compounds that are
present in these plants.

The use of medicinal plant as remedies for
human disease has been known over centuries
[14]. Medicinal plants throughout their exis-
tence contributed immensely to the health
needs of human categorically due to the pres-
ence of component with therapeutic value in

23

them [14]. The use of conventional drugs in
the treatment of cardiovascular disorders has
proved effective but not without side effects,
making their use limited [14] and necessitating
alternative search.

Medicinal plants considered cheap and safe
are gaining attention and their cardio-protec-
tive action is by providing nutritional substanc-
es mainly phytochemicals with potentials of
restoring and maintaining balanced body sys-
tem [72]. Different research has reported the
cardio-protective activity of medicinal plants
pointing to the antioxidant potentials as possi-
ble mechanism. Epidemiological, clinical and
experimental studies have provided evidence
that myocardial infarction is largely preventable
by suppression of free radical generation and
augmentation of endogenous antioxidant [50].
However, several investigation has provided
evidence justifying medicinal plants to play
important roles.

Aside the antioxidant role played by medicinal
plants, anti-inflammatory potential plants has
been reported with cardioprotective effect.

Antioxidant role

Normal aerobic metabolic processes as well as
exposure to radiation, redox cycling materials
and other environmental substances result in
free radical generation in the body [73]. ROS
such as superoxide anion, hydrogen peroxide,
and hydroxyl radical are produced in-vivo due to
successive reduction of oxygen [74]. ROS have
been reported to play important role as media-
tor of the progression of cardiovascular disor-
der and other diseases such as diabetes and
neurodegenerative disease [75]. When the pro-
duction of free radicals exceeds the threshold
of the antioxidant defense system, oxidative
stress occurs with successive oxidation of mac-
romolecules such as DNA, protein, and lipids
[76]. The antioxidant defense system in human
includes enzymes such as glutathione peroxi-
dase, superoxide dismutase, catalase, and
reduced glutathione [77]. However, exogenous
antioxidants such as vitamin E, ascorbic acid
can augment the effects of the endogenous
antioxidant system.

Research has shown a reduction in the endog-
enous antioxidant enzyme in cardiovascular
disease [18, 34, 50]. Increased lipid peroxida-
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Figure 3. Interruption of oxidative stress by plant compounds, prevent cardio-
vascular development.

tion often accompany the increased ROS gen-
eration in the pathogenesis of CVD with resul-
tant vascular membrane damage [34, 79].
Since the formation of ROS play a key role in
cardiac pathophysiology, targeting oxidative
stress will substantially improve the treatment
of CVD (Figure 3). Furthermore, with oxidative
stress as an underlying factor, antioxidants
may decrease cellular injury and apoptosis
through a radical-scavenging mechanism
[116]. Therapeutic intervention via suppression
of free radical generation and/or augment
action of endogenous antioxidant enzymes
may for example attenuate myocardial dysfunc-
tion [51]. The use of antioxidants in pharmacol-
ogy is intensively studied. Antioxidants have
gained popularity recently for their many health
benefits. They have been shown to lower the
risk of heart disease [117].

These antioxidant compounds are present in
plants. Nowadays, interest has grown towards
the use of natural antioxidants as protective
strategy against cardiovascular related prob-
lems such as ischemia reperfusion [118].

In a study by Jahan et al. [15], Terminela arjuna
was reported to regulate the activities of anti-
oxidant enzymes in Isoprotenol induced myo-
cardial infarction. The authors demonstrated
the cardio protective activity of the polypheno-
lic rich extract of T. arjuna in both curative and
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preventive studies. The result
shows that isoprotenol signi-
ficantly increased the level of
serum cardiac marker enzy-
mes like LDH, AST, and ALT
reflecting the severity of iso-
induced myocardial cell ne-
crosis. The myocardial cell
necrosis can be due to
increase in lipid peroxidation,
but treatment with the poly-
phenolic rich extract lowered
the serum cardiac marker
enzymes demonstrating the
plant’s ability to maintain
membrane integrity conse-
quently constrain the leakag-
es of enzymes. In addition,
the activity of the myocardial
antioxidant enzymes such as
SOD, CAT and Peroxidase that
were lowered by isoprotenol
induction were restored to near normal when
treated with T. arjuna. The activity of the plant
extracts were compared with the combined
activity of propranolol and gemfibrazole stan-
dard drug and was found to be comparable.
They related the potentials of the plant to the
polyphenols fraction of the extract and its anti-
oxidant activity. The presence of flavonol (quer-
cetin, myricetin), kaempferol, phenolic acids
(garlic and ferulic acid) (Figure 4) was higher in
T. arjuna as observed in the HPLC analysis.

The potentials of flavonoids in the treatment of
CVD have been reported. The possible mecha-
nism includes its ability to ameliorate/stop
endothelial dysfunction [80], reduce LDL oxida-
tion and inhibition of platelet aggregation [80].
They concluded by correlating the superlative
cardioprotective activity of T. arjuna mainly to
the antioxidant constituents.

The cardio protective potentials of Ocimum
basilicum have been studied. O. basilicum
belong to the lamiaceae family. Studies have
revealed the essential oil of the plant is com-
posed of interesting terpenoids. Phytochemical
reports reveal the presence of triterpenoids,
polyphenols, and steroids. Studies by Fathiazad
et al. [17], reported an ameliorative effects of
the plant extract on the changes in blood pres-
sure observed in the isoprotenol induced car-
dio toxicity. The plant extract prevent the necro-
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Figure 4. Structure of some compounds with antioxidant and anti-inflammatory.

sis and fibrosis observed in the iso-induced
group. Acute phase of myocardial necrosis
induced by isoprotenol has been link with gen-
eration of cytotoxic reactive oxygen species.
The maintenance of cardiac membrane integri-
ty was reported, and the membrane integrity
was assayed through the degree of lipid peroxi-
dation, which was measured from the malondi-
aldehyde (MDA) level in serum and myocardial
homogenates and found out that the extract
significantly lowered the MDA level that was
elevated with isoprotenol treatment. They relat-
ed the cardioprotective potential of Ocimum
basilicum to the antioxidant potential of flavo-
noids and phenolics, which were reported pres-
ent in the plant. The radical scavenging acti-
vity of the plant correlates to high content of
these compounds. Harnafi et al. [81] in a previ-
ous research reported plasma lipid lowering
effect for the plant and thus might be import-
ant in the treatment of hyperlipidemia and
atherosclerosis.

Many of the medicinal properties of Allium sati-
vum (garlic) are associated with its antioxidant
properties [82]. Increase in the production of
nitric oxide by garlic acid has been reported
[83, 84] thus prevention of endothelial dysfunc-
tion in models [86]. Shackebaei et al. [85]
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reported the protective effects of garlic juice in
reperfusion, in this study; Gallic juice showed a
significant vasodilator effect on the coronary
vessels therefore increased the coronary flow
in the test group before ischemia and during
reperfusion. In addition, the authors studied
the extent of reperfusion injury from the release
of a marker intracellular enzyme. Observed was
the lower concentration of lactate dehydroge-
nase (LDH) release in the test group reflecting
significant protection against endothelial dys-
function and prevention of anaerobic metabo-
lism within the heart muscle cells. The pharma-
cological activity observed in their studies
could be because of antioxidant activity and
vaso-regulatory effect. They identified Allicin
(Figure 4) as the bioactive compound respon-
sible for the cardioprotective activity of garlic.

Phenolic compounds and flavonoids in Evolvu-
lus alsinoides with lipid peroxidation, antioxi-
dant, and free radical scavenging properties
were link to cardio protective activity in isopro-
tenol-induced myocardial infarction [34]. Obs-
erved was the decreased release of enzymes
from cardiac cell fractions that could possibly
infer a membrane stabilizing effect with near
normal retention of clinical marker enzymes
activities in the serum and cardiac tissue of
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experimental animals [34]. Membrane lipid per-
oxidation by free radicals is known to compro-
mise membrane integrity.

Conclusively, the antioxidant role played by
phenolics and flavonoids reported in various
research resulted in the inhibition of platelet
aggregation, restoration of vascular function,
inhibition of lipid peroxidation, membrane sta-
bilization, restoration of antioxidant enzyme
and inhibition of reactive oxygen species. A
similar mechanism reported by Mohanty et al.
[86] in a combination treatment research he
conducted for Withania somnifera, Curcuma
longa and Ocimum sanctum. Previous investi-
gation has also reported the cardioprotective
activity of Ginkgo biloba and Ocinum sanctum.
In both plant, the cardioprotective activity was
attributed to the antioxidant activities ass-
ociated with the presence of flavonoids and
phenolics. The report also associated reduced
glutathione augmenting effect, elevated anti-
oxidant enzyme level and the inhibition of lipid
peroxidation [87, 88] to these compounds in
both plant. Panda and Naik [16] validated the
cardio protective claim for these bioactive com-
pounds in the two medicinal plants when he
combined Ginkgo biloba and Ocinum sanctum
treatment in isoprotenol induced myocardial
necrosis in rats, suggesting the possibility of
similar mechanism previously reported, alth-
ough no significant synergistic effect was
observed in the combination treatment.

The high radical scavenging activity in pheno-
lics and flavonoids is associated to their struc-
ture activity relationship. The high reactivity of
the hydroxyl group of flavonoids is responsible
for their free radical scavenging activity [16].

Anti-inflammatory role

Inflammation is a complex biological response
of vascular tissues to harmful stimuli [89]. It is
also protective in nature in the attempt by
organism to remove injurious stimuli and initi-
ate healing process [90]. Inflammation respon-
se involves cell activation and the release
of inflammatory mediators [89]. Inflammation
activation has been implicated as an important
pathway in the pathogenesis and progression
of CVD including chronic heart failure [27, 91]
and their mediators can serve as relevant
markers of disease severity [92]. Markers such
as interleukins, cytokines are reported to cre-
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ate inflammatory condition in the arterial wall
[93]. Other inflammation factors are leukocyte
adhesion molecules and chemokines [94]. Risk
factors including hypercholesterolemia can
lead to inflammatory response within the micro-
vasculature, which is reflected, by endothelial
cell activation, leukocyte recruitment, rolling
and adherence as well as platelet activation
and adhesion [44, 45]. This is preventable by
NO availability in the vasculature. However,
diminished availability of NO result in vascular
dysfunction and diminished anti-inflammatory
properties of the endothelial cell [9].

Wallace [95] in his review reported the health
benefit of diets rich in natural bioactive com-
pounds especially the contributory role in main-
taining and improving cardiovascular health. He
reported flavonoids, a member of the polyphe-
nols as potential candidate to protect against
CVD.

Several medicinal plants have been reported
with anti-inflammatory activity. Kadian and
Parle [96] in a review reported the anti-inflam-
matory activity of Ocimum sanctum. The plant
was reported to possess cardio protective
effect as well as anti-hypertensive effect and
the mechanism for this pharmacological effi-
cacy is by inhibiting specific inflammatory mol-
ecules [97]. Singh and Majumdar [98] sugg-
ested the possible mechanism for the anti-
inflammatory activity of linolenic acid present in
Ocimum sanctum to be by blocking both the
cyclooxygenase and lipooxygenase pathways of
arachidonate metabolism. Arachidonic acid-
derived lipid mediators are intimately involved
in inflammation and are biosynthesized by
pathways dependent on cyclooxygenase (COX)
and lipoxygenase (LOX) enzymes.

The anti-inflammatory effect of Gensenosides
(Figure 4), a triterpene dammarane-type sapo-
nins was reported by Xing et al. [99]. According
to the research, a combination of the Chinese
herbal medicines Ginseng Radix Et Rhizoma
Rubra(therootofPanaxginsengC.A.Mey.),Ophio-
pogonis Radix (the root of Ophiopogon japoni-
cas (L.f) Ker-Gawl), and Schisandrae Chinensis
Fructus (the fructus of Schisandra chinensis
(Turcz.) Baill) termed YQFM could suppress the
expressions of inflammatory mediators. A con-
stituent of one of the main bioactive compo-
nents, ginsenosides according to the research
contributed to the measured anti-inflammatory
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effects. The three herbs of YQFM were report-
ed to be significant in the enhancement of myo-
cardial contractility, blood-vessel dilation, anti-
lipid peroxidation, and anti-inflammatory effect
[100-104].

Conclusion

With cardiovascular disease assuming an
increasing role as a major cause of mobility and
mortality and the limitations in the use of con-
ventional drugs in its treatment, more intensive
approach is required in the current Epidemiolo-
gical, clinical and experimental studies of com-
pounds that are able to suppress free radical
generation, augment endogenous antioxidant
and maintain the integrity of the vasculature in
medicinal plants. Critical analysis of the roles
of bioactive compounds as observed in this
review will be important as a guide to identify
potential compounds in plant and consequent-
ly their characterization. Aside the commonly
reported phenolics and flavonoids, other com-
pounds with great potentials in treating cardio-
vascular disease and their roles should be
elucidated.
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