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Abstract

Cardiovascular disease is a complex and multifactorial disease strongly associated
with hypercholesterolemia, hypertension, reduced fibrinolysis, increased blood-clot-
ting time and increased platelet aggregation. Among other confounding factors, oxi-
dative damage is a major factor in cardiovascular and cerebrovascular diseases. The
use of garlic in folkloric medicine highlights the potential role in either preventing or
delaying cardiovascular disease. Contemporary research reveals how garlic and bio-
active components modulate the risk factors of cardiovascular and cerebrovascular
diseases thus tending towards validating a measure of folkloric claims concerning the
functional efficacy of garlic. This review seeks to elucidate contemporary research
attempt towards the validation of the role of garlic and bioactive components, me-
chanisms of action involved and to define its ultimate role in the prevention and
treatment of cardiovascular and cerebrovascular diseases. Some contradictory claims
exist possibly due to the use of different experimental protocols/formulations/dos-
ages of garlic. Overwhelming commonality of positive cardiovascular and cerebro-
vascular responses reside among research studies thus offering compelling evidence
in supports of the beneficial health effects of garlic and components.
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1. Introduction

Cardiovascular disease (CVD) is a class of diseases that involve the heart and blood
vessels [1]. Cardiovascular disease includes coronary artery diseases (CAD) such as an-

gina and myocardial infarction. Other CVDs are stroke, hypertensive heart disease,
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rheumatic heart disease, cardiomyopathy, heart arrhythmia, congenital heart disease,
valvular heart disease, carditis, aortic aneurysms, peripheral artery disease, and venous
thrombosis [1].

The underlying mechanisms vary depending on the disease in question. Coronary
artery disease, stroke, and peripheral artery disease involve atherosclerosis. This may be
caused by high blood pressure, smoking, diabetes, lack of exercise, obesity, high blood
cholesterol, poor diet, and excessive alcohol consumption, among others [2]. It is esti-
mated that 90% of CVD is preventable. Prevention of atherosclerosis is by decreasing
risk factors through: healthy eating, exercise, avoidance of tobacco smoke and limiting
alcohol intake.

A cerebrovascular disease is a vascular disease of the cerebral circulation. Arteries
supplying oxygen to the brain are affected resulting in one of a number of cerebrovas-
cular diseases. Most commonly this is a stroke or mini-stroke and sometimes can be a
haemorrhagic stroke. Hypertension (high blood pressure) is the most important con-
tributing cause because it damages the blood vessel lining exposing collagen where
platelets aggregate to initiate a repair. If maintained hypertension can change the struc-
ture of blood vessels. Blood pressure affects blood flow in narrowed vessels causing
ischemic stroke, a rise in blood pressure can cause tearing of vessels leading to intracra-
nial haemorrhage. A stroke usually presents with an abrupt onset of a neurologic defi-
cit, attributable to a focal vascular lesion. The neurologic symptoms manifest within
seconds because neurons lack glycogen, so energy failure is rapid.

It has become increasingly important to integrate complementary and alternative
medicine into the treatment of cardiovascular and cerebrovascular diseases. The inter-
est in the use of alternative and complementary medicine in the treatment of CVDs has
increased in recent time [3] [4]. There are many adult populations with uncontrolled
blood pressure because many standard antihypertensive drugs are not usually effective
[3].

Garlic (A/flium sativum Linn) has been used by man in different cultures for hun-
dreds of years as foodstuffs, condiments, as flavourings and in folk medicine. It has
numerous biological activities that are attributed to its rich content of different volatile
organosulfur compound (OSC) and other phytochemicals that work in synergy by com-
bination of mechanisms for substance acting on various molecular targets [5]-[8].

Hundreds of chemical substances are present in garlic or extracts. Some basic sul-
phur-containing bioactive constituents in whole, intact garlic are the yp-glutamyl-S$-
alk(en)yl-L-cysteines and S-alk(en)yl-L-cysteine sulphoxides, including alliin. The -
glutamyl peptides are biosynthetic intermediates for corresponding cysteine sulphoxides
[9] [10]. Whole intact garlic typically contains ~1% alliin, together with (+)-S$-methyl-
L-cysteine sulphoxide (methiin) and (+)-$-(trans-1-propenyl)-L-cysteine sulphoxide. $-
(2-carboxypropyl) glutathione, y-glutamyl-S$-allyl-L-cysteine, y-glutamyl-S-(trans-1-pro-
penyl)-L-cysteine and y-glutamyl-$-allyl-mercapto-L-cysteine are also reported to be
present in garlic cloves [10] [11].

The health benefits of garlic likely arise from a wide variety of components, possibly
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working synergistically. Moreso, it is proposed that the prediction of potential health
benefit(s) from garlic is largely dependent on the efficacy and safety of the garlic pre-
parations, which are also contingent on the processing methods employed [12]. The
complex chemistry of garlic makes it plausible that variations in processing can yield
quite different preparations. Highly unstable thiosulphinates, such as allicin, disappear
during processing and are quickly transformed into a variety of organosulphur com-
ponents. Although there are many garlic supplements commercially available, they fall
into one of four categories, which are dehydrated garlic powder, garlic oil, garlic oil
macerate and aged garlic extract (AGE).

Clinical and experimental studies on the acclaimed biological properties of garlic has
been divergent due to different garlic preparations used, unidentifiable active compo-
nents and their bioefficacy, duration of trials among other factors [13] [14]. There is
also the problem of using whole extract preparations rather than the isolated constitu-
ents. It therefore becomes difficult to validate the folkloric use of garlic in the tradi-
tional society. This review seeks to elucidate contemporary research attempt towards
the validation of the role of garlic and bioactive components, mechanisms of action in-
volved and to define its ultimate role in the prevention and treatment of cardiovascular
and cerebrovascular diseases. Some contradictory claims exist possibly due to the use of

different experimental protocols/formulations/dosage of garlic.

2. Effects of Garlic on Cardiovascular and Cerebrovascular
Diseases

Cardiovascular diseases (CVD) can be described as chronic diseases in humans. It has
different aetiology ranging from hypercholesterolemia, diabetes mellitus, hypertension,
increased oxidation damage and smoking [2]. The oxidative modification of lipids, es-
pecially LDL, has been majorly implicated in the onset and development of cardiovas-
cular and cerebrovascular diseases [15] [16]. The oxidation of lipids modifies the
membrane system and affects their functions causing reduced fluidity and inactivation
of membrane-bound enzymes and receptors. The red blood cells are also damaged and
endothelial cells are injured, increasing blood vessel fragility. The oxidation of LDL en-
hances the growth of fatty streaks inside the blood vessel walls [17] and the emergence
of plaque [18]. Toxic aldehydes formed in lipid oxidation react with the apoprotein B of
the LDL particle to produce a novel epitome that is recognized by macrophage recep-
tors, resulting in the formation of foam cells and atherosclerotic plaques and increased
risk of heart disease and stroke [16].

Garlic has been appraised as a remedy for the treatment and prevention of a number
of diseases such as cardiovascular and cerebrovascular diseases, as well as other meta-
bolic diseases, hyperlipidaemia and diabetes (Figure 1). Several functional health effects
elicited by garlic are strongly attributable to its bioactive components particularly the
sulphur-containing compounds such as S-allyl cysteine (SAC) diallyl disulphide (DADS),
and S-methyl cysteine sulphoxide (Figure 2 and Table 1). Various studies have re-

vealed that different garlic preparations elicit different biological health effects based on
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Hypocholesterolemic: total cholesterol,

triglyceride, low-density lipoprotein cholesterol
Anti-hypertensive: Lower blood pressure; Reduce
blood viscosity

Anti-hyperhomocysteinemia

Anti-thrombotic activity: fibronolytic activity, platelet
aggregation

Reduce cardiovascular and cerebrovascular
disease mortality

Figure 1. General scheme showing several roles of garlic in cardiovascular and
cerebrovascular diseases.
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Figure 2. Reduction of oxidative stress by garlic and bioactive components in hy-
pertension and associated cardiovascular complications. Source: Shouk et al [76].
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Table 1. Cardiovascular and cerebrovascular organosulfur compounds in garlic extract.

Organosulfur compounds Reported Cardiovascular activity Reference

Suppress oxidized LDL-induced vascular cell

Diallyl disulfide (DAD 7
fallyl disulfide ( S) adhesion. (7]
S-allyl cysteine (SAC). Antihypertensive and cardiopr(?tective in the (77]
presence of captopril.
S-ethyl cysteine (SEC), S-propyl Inhibition of cholesterol synthesis by 40 - 60 (42]
cysteine (SPC). percent.
-glut: 1-S-allyl cysteine (GSAC),
yguarmy-S-ayl ¢y eu?e ( ) Inhibition of cholesterol synthesis by 40 - 60
y-glutarmyl-S-methyl cysteine (GSMC), ercent [42]
y-glutarmyl-S-propyl cysteine (GSPC), P '
Diallyl sulfide (DAS), Diallyl disulfide o X
Inhibit f cholesterol synthesis by 40 - 60
(DADS), Diallyltrisulfide (DATS), fRbIHon 61 o eseizzniyn esis By [42]
dipropyl sulfide, diproyltrisulfide. P '
Inhibition of hepatic hydroxyl
Alliin and allicin. n L OTon o hepatic Aycrony” [78]
methylglutaryl-CoA reductase activity.
Alliin and allicin derived thiosulfinates. Antithrombotic activity. [48]

Source: Ugwu and Suru [14].

their varied bioactive contents [19].

Garlic is well known powerful anti-atherogenic supplement [20]. Many reports have
evaluated the effectiveness of garlic extracts/bioactive components in protection against
CVD. The report of Mikaili et a/ [21] indicate that garlic could directly ameliorate
atherosclerosis by its capacity to reduce arterial cell lipid content, inhibit intracellular
lipid accumulation as well as the inhibition of lipogenic and cholesterogenic hepatic
enzymes activities [22]. Garlic extracts and fractions have the potential to prevent
diet-induced hypercholesterolemia in cholesterol-fed rats and mice [23]-[25] and
known to reduce the ratio of serum LDL to HDL [24] [26]. Garlic powder was reported
to reduce total cholesterol and low density lipoprotein (LDL) cholesterol [27] (Figure
1).

Garlic extracts have been variously reported to have anti-hypertensive effects by in-
creasing NO synthesis [28], induction of vasodilatation with hydrogen sulphide [29],
and inhibition of angiotensin converting enzyme activity. The report of ZahidAshraf
et al. [30] indicated that garlic extract is a vasorelaxant and may reduce the atherogenic
potentials of cholesterol in rats.

Fallon et al [31] reported that garlic inhibited acute hypoxic pulmonary vasocon-
striction in rats and elicited appreciable dose-dependent vasorelaxation in both endo-
thelium-intact and mechanically endothelium-disrupted pulmonary arterial rings. This
implies that it can combine both endothelium-dependent and independent process in
its hypotensive property [31] [32]. In vitro study by [33] indicated that garlic juice can
relax the muscles of aorta, trachea, intestines and isolated rabbit heart. Garlic can also
block S-adrenoreceptor-blocking action by providing a depressing effect on automatic-

ity and tension development in isolated rat heart [34]. The dose-dependent effect of
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garlic on the kidney Na, K-ATPase and diuretic and natriuretic response may partly
explain the hypotensive effect of garlic bioactive constituents [35]-[37]. Allicin, ajone,
cicletane and other sulphur-containing compounds in garlic may be responsible for the
hypotensive property of garlic [32] (Figure 2).

Aged garlic extract (AGE) has been reported to prevent lipid oxidation and oxidative
modification of LDL, thereby decreasing the amount of oxidized LDL in circulation and
the subsequent build-up of cholesterol in macrophages, smooth muscles and blood
vessel walls, leading to the inhibition of atherogenic fatty streaks [17] [18]. These prop-
erties, joined with other known activities of AGE, enhance its ability to reduce the risk
of cardiovascular and cerebrovascular disease. Other protective actions of AGE include
inhibition of platelet aggregation and suppression of prostanoid synthesis with subse-
quent anti-inflammatory, anti-atherogenic and anti-thrombotic effects [38].

The protection of endothelial cell integrity via the prevention of lipid peroxidative in-

jury and reduction in serum cholesterol and other oxidizable lipids by AGE adds to its

Figure 3. Putative mechanisms underlying the potential roles of garlic bioactives for hypertension management.
Source: Shouk et al. [76].
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functional capacity in providing protection against heart disease and stroke [19] [39].
Free radical damage and inflammatory processes, linked to enhanced levels of eico-
sanoids, play an important role in cerebral ischemia-reperfusion injury. Peroxynitrite, a
product of superoxide and nitric oxide interactions, is thought to be a major injurious
agent, inducing lipid peroxides and tissue damage [40]. AGE and its constituent SAC
showed a dose-related attenuation of ROS production and inhibition of brain damage

caused by ischemia-reperfusion and reducing post-ischemia oedema [41].

3. Bioactive Constituents with Cardiovascular and
Cerebrovascular Health Effects

Many of the bioactive constituents in garlic and AGE have been shown to elicit cardio-
vascular health benefits (Figure 3 and Table 1). Diallyl disulfide and diallyl trisulfide
have been reported by Lei et al [7] to suppress oxidized LDL-induced vascular cell ad-
hesion. In both human and animal studies, the water and lipid soluble constituents in
garlic inhibited cholesterol synthesis [42]. Allyl methyl sulfide (AMS) and diallyl sulfide
(DAS) are efficient antioxidant bioactive constituents in garlic that have been shown to
improve structural changes resulting from hypertension [43]. More so, Cruz et al. [44]
reported that S-allyl cysteine (SAC) caused a reduction in hypertension and renal damage
in nephrectomized rats via its antioxidant property (Figure 2).

Diallyl trisulfide (DATS) has been shown to have antithrombotic activity [45] while
methyl allyl trisulfide (MATS) is known to inhibit anti-platelet activity via inhibition of
arachidonic acid cascade [46]. Ajoene possesses anti-aggregatory property that is linked
to its direct interaction with putative fibrinogen receptors [47] and irreversibly inhibits
platelet aggregation initiated by arachidonic acid [48].

Reports on the cardiovascular benefits of other garlic bioactive constituents show
that allicin could positively affect two atherosclerotic risk factors: preventing the uptake
of LDL and breaking down of macrophages [49] [50]. More so, several in vitro and in
vivo reports tend to suggest that garlic constituents and its extract elicit antithrombotic
effects. Allicin and its derived thiosulfinates are proposed as the principal bioactive
constituents responsible for the antithrombotic effect of garlic [51]. Allicin and aro-
matic thiosulfonate are known to be the major anti-platelet compounds of garlic extract
[52] [53].

Allicin could also exhibit hypotensive properties as reported in the studies where its
oral administration to rats with arterial hypertension leads to a marked hypotensive ef-
fect [54]. Allicin is believed to be a systematic vasodilator prostacyclin synthase but di-
lates the mesenteric circulation in cats independent of prostaglandin release or f-
adrenergic mechanism [32]. Allicin from garlic powder has the potential to induce hy-
potension in rabbit eye by acting on the neuroeffector junction [55]. Garlic oil has been
reported to reduce systolic and diastolic blood pressure and oxidized LDL in hyperten-
sive patients [56].

Many studies have shown that in clinical trials with hypertensive subjects, garlic sup-
plements have the potential to lower blood pressure [4] [57] [58]. The report of Reid et
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al. [59] has shown that aged garlic extract containing 1.2 mg of S-allyl cysteine was ef-
fective in lowering peripheral and central blood pressure in patients with uncontrolled
hypertension. They also reported that AGE improves other cardiovascular risk factors
like arterial stiffness and inflammatory markers TNF,, total cholesterol, LDL-c and
apolipoproteins [59]. Garlic extract has previously been reported to lower the proin-
flammatory markers, IL-1B and TNF, and levels of oxidized LDL in in vitro studies
[60].

A meta-analysis of 39 or 20 trials reported that garlic effectively reduced in 10% of
people with slightly elevated levels of total cholesterol and LDL-c [58]. The systematic
review and meta-analysis by Reid et al [57] suggested that garlic preparations are supe-
rior to placebo in reducing blood pressure in subjects with hypertension. Most studies
included in this review used garlic powder dosages of 600 - 900 mg per day, providing
potentially 3.6 - 5.4 mg of allicin, the active compound in garlic [61]. In comparison
fresh garlic cloves (appr.2g) each yield 5 - 9 mg allicin [62]. AGE is adapted for use in
treatment of blood pressure because it has the standardized active and stable compo-
nent S-allylcysteine [4]. Reid et al [58] reported that AGE containing S-allylcysteine
was superior to placebo in patients with uncontrolled hypertension.

The results of Grazyna et al. [63] failed to confirm a clear-cut hypotensive potential
of allicin derivatives (vinyl-dithiins) that was the key potent ingredient in their garlic
preparation. Some authors have linked the hypotensive effect of garlic on yp-glutamyl
cysteine and fructans that inhibit the activity of angiotensin-converting enzyme, induce
nitrogen oxidase synthetase and control the production of and action of vasoconstrict-
ing and vasodilatory substances found in vascular endothelium [63] [64].

The result of Sobenin et al [32] show that time-released garlic powder tablets are
more effective for the treatment of mild and moderate arterial hypertension than regu-
lar garlic supplements. Results from animal studies indicate that bioactive constituents
in garlic can lower blood pressure in hypertensive animals by inducing vasodilating ef-
fects at the level of the arterial wall [65]. Garlic can prevent L-NAME-induced arterial
hypertension in rat by chronically inhibiting nitric oxide synthesis by L-NAME (N-
omega-nitro-L-arginine methyl ester) [66].

The study of Nwokocha et al [67] showed that AGE induced a decrease in blood
pressure and bradycardia without involving the cholinergic pathway implying that its
antihypertensive activity may involve the peripheral mechanism. It has also been dem-
onstrated that short-term supplementation with garlic has antioxidant and hypolipi-
demic activity in hypertensive subjects [68].

The role of garlic in the prevention of ischemia-reperfusion injury can be demon-
strated by its inhibition of angiotensin converting enzyme action thereby contributing
to cardioprotective and blood pressure lowering effects [69]. A study by Ali et al [49]
showed that allicin from garlic powder has both hypolipidaemic and hypotensive effects
in rats fed with a high cholesterol diet. Chu et al [55] reported that allicin induced hy-
potension in rabbit eyes by dual actions at the neuro-effector junction. Garlic extract

was reported to induce dose dependent and reversible hypotensive and bradycardic ef-
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fects [70]. The cardioprotective effects of garlic are mainly through the generation of
hydrogen sulphide [21]. In the erythrocytes, the garlic derived sulphur compounds are
converted into hydrogen sulphide that relaxes vascular smooth muscle, vasodialates
blood vessels and thereby reducing blood pressure [29]. The antihypertensive and
renoprotective effects of SAC and AGE suggest that they may be used to control hyper-
tension and delay progression of renal damage [44]. Two other sulphur derivatives in
garlic extract (allyl methyl sulphide (AMS) and diallyl sulphide (DAS) were demon-
strated by Castro et al [43] to inhibit migration and angiotensin II-stimulated cell cycle
progression in smooth muscle cell of aorta. Consequently AMS and DAS could be de-
ployed as a potent antioxidant against arterial structural changes caused by hyperten-
sion [43].

The AGE improved blood pressure in spontaneously hypertensive (SHR) rats better
than raw garlic [71]. Other reports indicate that in SHRs [72] and humans [73] garlic
improved blood pressure. The lowering effect of garlic on SHRs was linked to the nitric
oxide system being more effective than the renin-angiotensin system [71]. The report of
Harauma and Moriguachi [71] suggests that one of the systolic blood pressure-lowering
effects of AGE could be by protection and maintenance of the flexibility in the blood

vessel and the improvement of erythrocyte deformability.

4. Gaps to Be Filled

Significant synergy or antagonism of the garlic substances, or their derivatives, on hu-
man physiology may exist and vary with an individual’s age, pathology, dosage regimen
and possible drug, food or metabolite interactions. The mode of garlic preparations de-
termines its effectiveness on blood pressure. For instance, minimal allicin compounds
are seen in AGE or heat-treated garlic preparations, which could reduce its hypotensive
properties [74]. Therefore, it is suggestive for researchers to use standardized prepara-
tions in their experimental trials. When comparing different results that tested the effi-
cacy of garlic products on blood pressure, the dosage of S-allyl cysteine in AGE is cru-
cial for proper comparison [58]. The trial quality on the effect of garlic on blood pres-
sure is important in determining the effect of garlic on blood pressure. This is because

previous meta-analysis were based on trials with poor study design [75].

5. Conclusion

This review has tried to harmonize contemporary research on the role of garlic bioac-
tive constituents in the prevention and treatment of cardiovascular diseases. There is
the need to harmonize the garlic preparations for better validation of therapeutic

claims.
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Abbreviation Note

Cardiovascular disease—CVD.
Coronary artery diseases—CAD.
Organosulfur compound—OSC.

Aged garlic extract—AGE.

S-allyl cysteine—SAC.

S-ethyl cysteine—SEC.

S-propyl cysteine—SPC.
y-glutarmyl-S-allyl cysteine—GSAC.
y-glutarmyl-S-methyl cysteine—GSMC.
y-glutarmyl-S-propyl cysteine—GSPC.
Diallyl sulfide—DAS.

Diallyl disulfide—DADS.
Diallyltrisulfide—DATS.
Methylallyltrisulfidle—MATS.
N-omega-nitro-L-arginine methyl ester—L-NAME.
Spontaneously hypertensive rats—SHR.
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