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Garlic for Cardiovascular Disease: Prevention or Treatment?
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Abstract: Cardiovascular disease (CVD) is the leading cause of global mortality with a substantial economic
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impact. The annual deaths are expected to increase in the next decade. An array of dietary supplements is being
used by people worldwide to ameliorate cardiovascular risk factors. Garlic (A/lium sativum L.), a top-selling
herbal dietary supplement, is renowned for its wide range beneficial effects, particularly in the treatment and

prevention of CVD. This review aims to present a thorough discussion of the available evidence-based data which
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support the use of garlic in the treatment or prevention of cardiovascular diseases, including atherosclerosis, hy-

pertension, and hyperlipidemia. The molecular mechanisms underlying these effects are dissected as well. This
review supports the notion that garlic has the potential to treat mild hypertension, to decrease hypercholes-
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terolemia, and to prevent atherosclerosis. More clinical studies are essential to unequivocally understand the

mechanisms underlying treatment or prevention of these cardiovascular conditions.
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1. INTRODUCTION

Cardiovascular disease (CVD) continues to be the leading cause
of global mortality with annual reported deaths of more than 17.3
million, i.e. nine deaths every five seconds [1, 2]. Alarmingly, these
numbers are expected to further increase by 37% by the year 2030
[2]. A substantial economic impact, including direct and indirect
heath care costs of more than $316.6 billion, in addition to de-
creased quality of patients’ life are some of the consequences of
CVD-associated events [2]. Risk factors for CVD include tobacco
smoking, physical inactivity, nutrition, overweight, diabetes, hyper-
lipidemia, high blood pressure, and family history and genetics [1,
2]. Early detection of high cardiovascular risk factors and providing
patients with proper counseling, including moving to a healthy life
style and proper nutrition, are essential measures to combat the
wide spread of CVD.

There is an increasing interest in the use of herbal dietary sup-
plements for a wide array of health problems [3-5]. The global
market of these supplements is expected to hit $115 billion by
2020, with Europe being the biggest market [6]. For the 11" year in
a row, the US market has reported a steady growth, with an increase
in the total retail sales of herbal dietary supplements by 6.8% in
2014 [3]. Moreover, it has been estimated that herbal products are
being used by approximately 20% of the population and the major-
ity of those individuals use such products on a routine basis [7, 8].
The prevalence and widespread use of these products is driven by
many factors. These include the adoption of preventive approaches
against chronic diseases, including cardiovascular disease, cancer,
and diabetes [9], the general desire for wellness and good heath
[10], the widespread of obesity [11], the inaccessibility to medica-
tions due to the continuous increase in the cost of conventional
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drugs [12], frequent adverse and side effects of drugs, as well as the
general conception of herbs being, although not always substanti-
ated, safer and more effective than prescription drugs [13].

A set of dietary supplements were marketed and promoted as
cardiovasculoprotective. These supplements include omega-3 fatty
acids, phytosterols, coenzyme Q10, and garlic [14]. For several
years, garlic was among the 20 top-selling herbal dietary supple-
ments in the US market,[3] being used for its wide-range of health
benefits, particularly in the treatment and prevention of many car-
diovascular diseases such as atherosclerosis, mild hypertension, and
hyperlipidemia [13, 15].

Herbal medicinal products are not subjected to the same rigor-
ous regulations of safety and efficacy required for prescription
drugs approval. As a result, there is often incomplete knowledge
regarding the interactions between botanical products and conven-
tional drugs [4, 16].

In this review, “Rational Phytotherapy”, a scientific, evidence-
based, and empirical approach will be utilized in assessing the
safety and efficacy of different garlic pharmaceutical formulations
in prevention and treatment of cardiovascular diseases, including
hypertension, platelet aggregation, and hyperlipidemia. The clinical
literature data was rigorously reviewed and therapeutic recommen-
dations were made in light of the available scientific evidence in-
ferred from robust and solid clinical trials-based studies. Moreover,
other topics reviewed included potential mechanisms of actions,
key active constituents, pharmacokinetic studies, garlic-drug inter-
actions, adverse effects, precautions, and patient counseling.

2. BOTANICAL DESCRIPTION

Garlic, Allium sativum L. (Amaryllidaceae) is a perennial bul-
bous herb, with diagnostic pungent smell upon crushing [17]. The
subterranean bulb consists of small cloves that are enclosed by a
white skin [18]. Garlic is widely cultivated worldwide and used
both as a spice and for medicinal purposes [15, 19].

3. HISTORICAL PERSPECTIVE

The earliest report of garlic in medical use is found in Codex
Ebers (1500 BC), an Egyptian medical papyrus that documented the
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use of garlic for the treatment of many ailments, such as heart dis-
eases, headache, worms, and tumors [20]. In ancient Egypt, garlic
was used as part of people’s daily diet. It was especially fed to la-
boring classes such as those who were involved in building the
pyramids in order to enhance their physical performance [21].
Cloves of garlic were also found in Tutankhamen's tomb [20, 22].
Greeks have also used garlic for their belief in its strength-
enhancing potential. Indeed, it was widely consumed by soldiers in
wars and by Olympic athletes to enhance their performance. Hippo-
crates, "the father of medicine", had also recommended its use for
pulmonary problems and as a laxative [21]. Moreover, garlic was
used as a medicinal agent by other ancient civilizations such as
Roman, Chinese, and Indian [21]. Apparently, the antibacterial
properties of garlic were first recognized and documented by Louis
Pasteur in 1858 [23]. The antiseptic capacity of garlic was taken
advantage of during World War I and II particularly for gangrene
prevention [23]. Moreover, garlic was used for the treatment of
amoebic dysentery in Africa in 1932 [24]. Today, garlic is one of
the most researched herbs and one of the top 20 bestselling supple-
ment in the US and worldwide [3, 6].

4. CHEMICAL COMPOSITIONS

Fresh garlic cloves are a rich source of organosulfur com-
pounds, which can be subdivided into two classes: cysteine sulfox-
ides such as alliin and cycloalliin, and y-glutamylcysteines, such as
Y-glutamyl-S-trans-1-propenylcysteine and y-glutamyl-S-
allylcysteine. Upon crushing, bruising, or chewing fresh garlic,
alliin comes in contact with the enzyme alliinase, and consequently
get converted into allicin (Fig. 1). Allicin has a distinguishable
aroma and is highly unstable with a half-life of less than 24 hours.
It quickly decomposes into a number of volatile sulfur compounds
[25, 26]. Different garlic preparations vary considerably in respect
to their organosulfur compounds’ composition depending on the
processing method used. This necessitates standardization of such
preparations, particularly those to be used for biomedical or clinical
studies [25].
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Fig. (1). Enzymatic conversion of alliin into allicin by alliinase.

5. PHARMACEUTICAL PREPARATIONS

Garlic is commercially available in different forms, including
aged garlic extract (AGE), aged black garlic (ABG), garlic oil, and
garlic powder. Odor-free AGE is the most widely used garlic prepa-
ration in clinical studies. It is usually prepared from sliced raw gar-
lic that is stored in 15-20% ethanol for up to 20 months. It is an
allicin-free preparation that is mainly rich in S-allyl-cysteine (SAC),
S-allyl mercaptocysteine, allixin, selenin, and N-alpha-(1-deoxy-D-
fructos-1-yl)-L-arginine (Fru-Arg). Not only do these compounds
possess antioxidant activity, but they are also highly stable with
relatively high bioavailability [27-29]. A popular AGE brand is
found under the name Kyolic® [30].

ABG is another odor-free garlic product. It is produced by heat-
ing fresh raw garlic at elevated temperatures under controlled hu-
midity conditions for more than a month [31]. Among ABG bioac-
tive constituents, SAC has attracted the most attention owing to its
diverse biological actions [32-34].

Garlic oil, on the other hand, is usually prepared by steam dis-
tillation. It contains large amountsof diallyl disulfide (DADS) and
lesser amounts of diallyldiallyltrisulfide (DADTS), diallyltetrasul-
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fide (DATS), and allyl methyl trisulfide [29]. However, oil-
macerates are usually prepared by incubation in a common plant oil
and mainly contain vinyldithiins, ajoene and DATS [29]. Notably,
oil-macerates are less stable than steam-distilled oils due to ajoene
instability [29].

Another very commonly used preparation of garlic is its pow-
der. Garlic powder is prepared from crushed-dried garlic cloves.
Similar to fresh garlic, it is rich in allicin. It is available under dif-
ferent brand names, such as Kwai®, Pure-Gar”™, Garlicin®, Allirich®
[29].

6. STANDARDIZATION

Standardization to predefined concentration(s) of key active
constituents is a key factor to achieve reproducible biological and
clinical results [35]. Pharmaceutical garlic preparations are often
standardized to their content of organo-sulfur constituents, particu-
larly alliin or allicin, depending on the type of the preparation. AGE
is standardized to not less than 0.05% S-allyl-L-cysteine [36].

7. PHARMACOKINETICS

Garlic organosulfur compounds are characterized by poor sta-
bility (reviewed in [15]). Hence, garlic has been recently formulated
using novel drug delivery systems to increase stability and oral
bioavailability [37].

The metabolism and pharmacokinetics of organosulfur com-
pounds were thoroughly reviewed by Gao er al. [38]. In a recent
study, the pharmacokinetics of SAC, a key component of AGE,
were studied after oral or intravenous administration to rats at a
dose of 5 mg/kg [39]. Plasma concentration—time profiles of SAC
and its metabolites, as well as the amounts excreted in bile and
urine were analyzed by liquid chromatography-tandem mass spec-
trometry. It was reported that SAC has a high and relatively long-
lasting plasma concentration. N-acetyl-S-allylcysteine (NAc-SAC)
and N-acetyl-S-allylcysteine sulfoxide (NAc-SACS) were detected
in plasma as the major metabolites. SAC was characterized by high
oral absorption from gastrointestinal tract (98%) and extensive
renal reabsorption. This study also suggested that transporter-
mediated renal reabsorption and hepatic metabolism play critical
roles in the elimination of SAC in rats [39].

In a human pharmacokinetic study, allyl methyl sulfide (AMS),
allyl methyl disulfide (AMDS), diallyl sulfide (DAS), diallyl disul-
fide (DADS), diallyl trisulfide (DATS), dimethyl sulfide, and ace-
tone were detected in the breath of the tested volunteers after inges-
tion of 38 g of raw garlic [40]. It was suggested that the increased
acetone concentration in the breath is an indication of enhanced
metabolism of serum cholesterol, triglycerides (TG), and total lipids
in the blood stream [40].

In a rat liver perfusion pharmacokinetic study of allicin, a re-
markable first-pass effect was observed. About 90% of allicin de-
creased just after incubation for 3 minutes, while 99% disappeared
after 6 minutes. DADS quickly formed and later allyl mercaptan
(AM) was also observed in the collected bile as well as in the liver
[411.

8. PHARMACOLOGY

Garlic is well-known to have a wide range of pharmacological
effects, including antimicrobial, immune-enhancing, anti-inflam-
matory, hypoglycemic, anticancer, and cardiovascular effects.
Other actions include antipyretic, diuretic, expectorant, and anti-
asthmatic [42]. In this review, we will be focusing on the cardio-
vascular effects of garlic for prevention and treatment of hyperten-
sion, hyperlipidemia, and platelet aggregation.

9. GARLIC AND CARDIOVASCULAR APPLICATIONS

One of the most widely used clinical applications of garlic is in
the treatment and prevention of cardiovascular diseases. For exam-
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ple, garlic is commonly recommended as an adjuvant to dietetic
management in the treatment of hyperlipidemia, in the prevention
of atherosclerotic (age-dependent) vascular changes, and in the
treatment of mild hypertension [42, 43].

9.1. Hypertension

Garlic has shown hypotensive action when tested using differ-
ent experimental animal models and when administered to mildly
hypertensive patients under controlled clinical trials [44-47]. A total
of 7 systematic reviews and meta-analyses studies were conducted
to analyze the effect of garlic on blood pressure [48-54]. In the most
recent meta-analysis [50], Ried updated their previous [52] meta-
analysis study regarding the effect of garlic on blood pressure.
Twenty placebo-controlled trials with 970 patients were reviewed
and all of which reported mean systolic blood pressure (SBP) and/
or diastolic blood pressure (DBP). This included 15 trials from the
previous meta-analysis study [52]. Among the trials, two included
hypertensive and normotensive patients in both groups (garlic and
placebo). Two other trials have divided the patients into 4 groups,
one placebo and 3 active garlic groups of different dosage forms. In
the main meta-analysis, only one active garlic group from each of
the two trials was included and compared to the placebo group. The
other active garlic groups were tested in sensitivity analysis. All of
the included trials used garlic-only supplements, in which 13 trials
used Kwai® or Allicor”, standard garlic powder; 5 trials used Ky-
oli®, aged garlic extract; 1 trial used Cardiomax®, garlic oil; and the
last one used Dentou-Ninniku-Ranwo®™; an egg yolk-enriched garlic
powder. This meta-analysis included changes in mean SBP or DBP
before and after intervention in both groups. In addition, a subgroup
meta-analysis was performed in hypertensive patients (mean SBP >
140 mmHg or mean DBP > 90 mmHg) and a subgroup analysis in
normotensive patients (mean SBP < 140 or mean DBP < 90) [52].
Patients were found to have a mean significant decrease in both
SBP (5.16 £ 2.2 mmHg, P <0.001; n = 19) and DBP of (2.5 £ 1.6
mmHg, P < 0.002; n = 20) compared with placebo [52]. Interest-
ingly, the reduction in blood pressure in hypertensive patients in the
subgroup analysis was more pronounced with a SBP reduction of
8.76 £ 2.2 mmHg, P <0.001; n = 10, and a DBP decrease of 6.16 +
1.3 mm Hg, P < 0.001; n = 6 [52]. In contrast, the reduction in
blood pressure of the subgroup that involved pre-hypertensive or
normotensive patients was not significant. The mean difference for
SBP was —1.5 = 1.9 mmHg (n = 11) and for DBP was -0.4 + 1.2
mmHg (n =14) [52]. It was concluded that garlic supplements could
be effective in lowering blood pressure in hypertensive patients.

In a second meta-analysis study by Xiong et al. [48], a total of
27 publications were retrieved for further evaluation. Of these stud-
ies, 20 were excluded for different reasons (e.g. 17 did not meet the
inclusion criteria, 2 were duplicated, and one had no control group).
The remaining 7 studies were randomized, placebo-controlled stud-
ies that reported the blood pressure lowering effect in hypertensive
patients (n = 391). Six different types of garlic preparations were
evaluated in the seven included trials: dried garlic homogenate,
AGE, processed garlic capsules, time-release garlic powder tablets,
regular garlic pill, and garlic powder. However, the blood pressure
data were analyzed from 3 trials only; the remaining trials were
excluded for poor quality. Among the three selected studies, ran-
domized placebo-controlled and dose response trials were reported
for three different treatment groups, but only the AGE extract group
(480 mg) was included in the meta-analyses. Patients were found to
have a significant decrease in the SBP of 6.71 mmHg (95% CI:
—12.44 t0 —0.99; P = 0.02) and DBP of 4.79 mmHg (95% CI: —6.60
to —2.99; P < 0.00001) compared to placebo [48]. On the other
hand, the adverse events (AEs) data were reported from 5 trials. All
the reported AEs were mild and tolerated. The meta-analysis
showed that there was no significant increase in the frequency of
adverse reactions in patients who received garlic preparations group
compared to placebo (95% CI: 0.82 to 3.28; P =0.016) [48]. It was
concluded that garlic could be effective in the management of hy-
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pertension, and could be used as an alternative therapy in patients
who cannot tolerate antihypertensive drugs.

In a third study, Wang et al. retrieved 29 relevant studies, of
which 17 only were randomized-controlled trials [54]. The majority
of the trials were placebo-controlled, while only two were not.
Among the included studies, one was counted as two trials as it
included two separate double-blinded randomized placebo-
controlled trials that enrolled hypertensive patients and normoten-
sive individuals. Seven trials included hypertensive patients, six
included normotensive individuals, and five included both hyper-
tensive patients and normotensive individuals. Seventeen trials
reported values for both SBP and DBP; one other trial reported
DBP only. The total number of patients with reported values for
DBP or SBP was 799 and 735, respectively. The majority of trials
used Kwai® garlic powder (n = 14); 3 used aged garlic extract; and
one trial used garlic oil. The pooled analysis revealed a significant
reduction in both SBP by 3.75 mmHg (95% CI, —5.04 to —2.45, 12 =
30.7%; P < 0.001) and DBP by 3.39 mmHg (95% CI, —4.14 to
—2.65,12 =67%; P <0.001) compared with controls. The subgroup
meta-analysis revealed a significant decrease in SBP only in hyper-
tensive patients by 4.4 mmHg (95% CI, —7.37 to —1.42, 12 = 0.0%;
P =0.004) but not in normotensive individuals. It was concluded
that garlic supplements could be effective in reducing blood pres-
sure especially in patients with elevated SBP.

The meta-analysis study of Rohner et al. included 9 random-
ized-controlled studies [55]. These focused on comparing the effect
of garlic preparations (versus placebo or care) on hypertensive pa-
tients (SBP > 140 and/or DBP > 190) and reporting blood pressure
values at baseline and after a follow-up of 4 weeks or longer. Four
trials enrolled treatment-naive patients; one enrolled both treatment-
naive and insufficiently-controlled patients taking antihypertensive
drugs; 3 enrolled hypertensive patients with insufficiently con-
trolled hypertension (> 140/90 mmHg); the remaining trial did not
report the treatment status of patients. The majority of the trials
used dried garlic powder. A total of 482 individuals were included
in this meta-analysis. It was found that SBP was significantly de-
creased in patients treated with garlic by 9.1 mmHg (95% CI, —12.7
to —5.4; P for heterogeneity = 0.0006; 12 = 71%). Similarly, DBP
was more significantly reduced in patients treated with garlic prepa-
rations compared with placebo by 3.8 mmHg (95% CI, —6.7 to —1;
P for heterogeneity = 0.00001; I2 = 80%) compared with placebo.
It was concluded that garlic preparations could be promising as a
herbal medication for decreasing elevated BP but the evidence is
still insufficient to be considered as an alternative or adjunctive
therapy to conventional antihypertensive drugs.

Kwak et al. recently performed a meta-analysis of 27 random-
ized controlled trials [56]. These studies examined the effect of
garlic powder on total cholesterol (TC), LDL cholesterol (LDL-C),
HDL cholesterol (HDL-C), fasting blood glucose (FBG) and BP.
Patients were found to have a significant decrease of 4.34 mmHg in
SBP (95% CI, -8.38, —0.29, P = 0.036; 12 = 79.3%) compared with
control, as well as a significant decrease of 2.36 mmHg in DBP
(95% CI,—4.56,-0.15, P = 0.036; 12 = 65.4%). Regression analysis
data showed that the effectiveness of garlic on all tested variables
was not mediated by the dose, duration, quality or baseline reading.
It was thus concluded that garlic powder intake has the ability to
reduce cardiovascular risk factors such as TC, LDL-C, FBG and
BP.

In addition to the above discussed meta-analyses studies, a total
of six other clinical trials were identified and summarized in Table
1. Recently, Ried et al. performed a double-blinded, randomized
placebo-controlled trial for 12 weeks to investigate the effect of
AGE on BP, measurement of central hemodynamic parameters,
including mean arterial pressure, pulse wave velocity, central blood
pressure, augmentation pressure, central pulse pressure, and arterial
stiffness, as well as other cardiovascular markers such as choles-
terol, homocysteine, inflammatory markers, and platelets function
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Table 1. Summary of antihypertensive garlic clinical trials.
Study Type Duration Dose Number of patients Preparation Outcomes
Sobenin Randomized, double- 8 weeks 30 patients received Total number of patients Time-released garlic powder Significant decrease in SBP and
etal. blind, placebo- 600 mg Allicor® = 84 with mild to moder- tablets (Allicor®™) DBP with 600 mg Allicor” by 7.0
2009 [58] controlled trial ate arterial hypertension and regular garlic pills mmHg, 3.8 mmHg, respectively
(Kwai®)
18 patients received 48 patients have received With 2400 mg Allicor® no addi-
2400 mg Allicor® Allicor® tional decrease in blood pressure
compared with 600 mg
16 patients received 20 patients have received With 900 mg Kwai®, significant
900 mg Kwai® placebo decrease on blood pressure by
(5.4 mmHg) and no decrease on
DBP was observed
16 patients received
Kwai”
Ried et Randomized, double- 12 weeks 960 mg AGE contain- Total number of patients Aged garlic extract In patients with SBP >140 mmHg
al.,2010 blind parallel pla- ing 2.4 SAC. Daily = with treated but uncon- The SBP was lower on average
[59] cebo-controlled trolled Hypertension 102 + 4.3 mmHg in garlic group
n =25 received placebo compared to placebo. While there
n =25 received AGE was no significant decrease in
SBP in patients whom their SBP
<140 mmHg at baseline com-
pared to the placebo group.
Naksone randomized, double- 12 weeks 300 mg (GH) daily n = 34 prehypertensive Traditional Japanese garlic Decreased SBP by 6.6-7.5 mmHg
etal., blind, placebo- patients and n =47, mild preparation (GH) and DBP by 4.6-5.2 mmHg in
2013 [60] controlled hypertensive patients, patients with mild hypertension,
among them 39 patients but not in those with prehyperten-
have received GH and 42 sion.
received placebo.
Ashraf et single-blind, placebo 24 weeks 5 garlic groups with Total number of patients Garlic tablets Significant decrease in both SBP
al.,2013 controlled study different doses: 300 =210 with essential HTN and DBP (P<0.005) were ob-
[61] mg. 600 mg, 900 mg, n = 150 patients have served compared with atenolol
1200 mg, and 1500 treated with garlic (P<0.005) and placebo.
mg
n =30 with placebo
n =30 Atenolol (-
blocker)
Ried et double-blind random- 12 weeks 3 different doses of A total of 79 patients Aged garlic In the 1-capsule group: No sig-
al.,2013 ized placebo- AGE (240/480/960 with uncontrolled sys- nificant reduction in BP was
[62] controlled dose— mg containing tolic HTN. observed compared to placebo.
response 0.6/1.2/2.4 mg of S-
allylcysteine)
60 patients in 3 garlic In the 2-capsules group: signifi-
groups. cant reduction in SBP after 12
weeks, by 11.8 + 5.4 mmHg
compared to placebo
19 in placebo group
In the 4-capsules group: reduction
after 8 weeks by -74 +4.1
mmHg
Ried et double-blind random- 12 weeks 1.2 g of AGE contain- A total of 88 patients Aged garlic extract Mean BP was significantly re-
al.,2016 ized placebo- ing 1.2 mg S-allyl- with uncontrolled HTN duced by 5.0 £ 2.1 mmHg com-
[57] controlled trial cysteine pared to placebo
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[57]. A total of 104 uncontrolled hypertensive patients were en-
rolled who either had been taking standard antihypertensive drugs
for at least 2 months or had not taken any BP drugs. Only 88 pa-
tients were included in the full analysis, among whom patients who
were in the garlic group (n = 50) were found to have a significant
decrease of 5.0+ 2.1 mmHg in SBP (P = 0.016) compared with
placebo. However, the reduction in DBP was not significant (P =
0.12). A subgroup analysis of responder (having a mean decrease in
SBP by more than 3% (> 5 mmHg) or DBP (>3 mmHg)) patients
(50%-60%) in garlic group revealed an average decrease in SBP by
11.5 £ 1.9 mmHg and 6.3 = 1.1 mmHg DBP compared to placebo
(P < 0.001). Compared to the placebo group, the central hemody-
namic parameters appeared to show more improved modulation in
the garlic group. These effects were seen in a dose of 2 capsules
daily of Kyolic™ aged garlic extract. This dose was highly tolerated
with minor insignificant side effects compared to placebo.

9.1.1. Mechanisms of Action

The antihypertensive effect of garlic has been reported to be
similar to that seen with some standard antihypertensive medica-
tions [63]. Information available about how garlic could reduce BP
originates mainly from animal studies [64]. However, further inves-
tigations should be made to understand the exact mechanism. Be-
low we discuss some potential mechanisms, which are summarized
in Figs. (2).

9.1.1.1. The Effect on Nitric Oxide

Nitric oxide (NO) is a soluble gas, that is synthesized from the
amino acid (L-arginine) by nitric oxide synthase (NOS) enzyme
with tetrahydrobiopterin (BH4) being a cofactor [65]. NOS exists in
three different isoforms including, neuronal (NOSII), inducible
(NOSII), and endothelial (NOSIII). The endothelial isoform
(eNOS) is expressed mainly in endothelial cells but has been de-
tected in platelets and cardiac myocytes [66].

eNOS plays a critical role in the regulation of many cardiovas-
cular functions. It has the ability to dilate all types of blood vessels
through stimulation of soluble guanylyl cyclase and increasing the
concentration of cyclic GMP (cGMP) in smooth muscle cells. This
results in the activation of cGMP-dependent protein kinase leading
to membrane hyperpolarization and vasodilatation. Reduction in
NO bioavailability may be a result of either downregulation in the
production pathway or increase in its breakdown through the activ-
ity of the superoxide anion (O,™). When O > presents in excess, it
interacts with NO leading to the formation of peroxynitrite
(ONOO) a potent oxidant, this process is called eNOS uncoupling
leading to oxidative stress, loss of normal endothelial function and
eventually exacerbating hypertension [66, 67].

The regulation of NO signaling pathways depend on sulfur-
containing compounds like organic thiols. However, these pathways
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are commonly interrupted in patients with cardiovascular disease.
Therefore, garlic with its high content of polysulfide compounds
may help in restoring the balance in eNOS-dependent pathways
[67]. A recent study has shown that garlic exerts its cardioprotective
effects via increasing NO bioavailability in mice [68]. In another
study, Weiss et al. found that AGE prevents endothelial dysfunction
and potentially restores normal NO bioavailability by increasing
levels of cellular thiol antioxidants, such as reduced glutathione
(GSH) and cysteine [69]. In the same study, AGE was shown to
normalize NO bioavailability through the prevention of BH4 oxida-
tion and depletion [69].

9.1.1.2. The Effect of Garlic _on__the Renin-Angiotensin-
Aldosterone System

Another mechanism by which garlic may exert its antihyperten-
sive effects is via inhibiting angiotensin converting enzyme (ACE)
and thus inhibiting the production of angiotensin II (Ang II), a po-
tent vasoconstrictor that increases blood pressure [65, 70, 71]. In-
deed, this effect was suggested in several animal and tissue culture
studies [65]. Asdaq and Inamdar found that the administration of
garlic-derived SAC along with captopril exerted a synergistic effect
to inhibit ACE and to lower blood pressure [72]. Sharma et al.
found that administration of DADs or enalapril significantly re-
duced the effect of ACE [73]. More recently, Oboh ef al. found that
administration of garlic’s phenolic extracts in rats could inhibit the
effect of ACE in a dose-dependent manner [74].

9.1.1.3. The Effect of Garlic on Hydrogen Sulfide

Hydrogen sulfide (H,S) is a gaseous intracellular molecule [75]
that is synthesized from L-cysteine by the aid of two enzymes: cys-
tathionine-f-synthase (CBS) and cystathionine-y-lyase (CSE). CBS
is the predominant enzyme in nervous tissues whereas CSE is
mainly found in vascular smooth muscle cells. The production of
H,S appears to be enhanced by the cellular level of NO. H,S plays
an important role in the regulation of cardiovascular functions and
inflammation [76].

It is documented that a decrease in H,S concentrations is a ma-
jor contributor to aging, likely due to the accumulation of free radi-
cals [75]. It is not surprising then that aging is considered a leading
cause for the progression of hypertension [77]. It is known that
inhibition of endogenous H,S production by "DL-propargyl-
glycine", a CSE inhibitor, significantly increased the blood pressure
in rats [78]. Moreover, Ahmad et al. found that the administration
of sodium hydrosulfide (NaHS), an H,S donor, for 5 weeks signifi-
cantly decreased BP in rats [79]. This clearly demonstrates the im-
portant role of H,S in the maintenance or regulation of blood pres-
sure. Garlic is rich in organic polysulfide which could acts as a
hydrogen sulfide donor including, DATS and DADS. Benavides et
al. [80] were the first to demonstrate that DATS could be converted
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Fig. (2). A summary of the most common underlying molecular and cellular mechanisms implicated in the antihypertensive effects of garlic.
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into H,S in a thiol-dependent cellular and a GSH-dependent acellu-
lar mechanisms, suggesting that the benefits of garlic come from its
ability to produce H,S [80]. Recently, it was shown that the admini-
stration of DATS to ethanol-induced oxidative stress and apoptosis
in rats significantly increased the production of H,S and also re-
stored the expression of CSE and CBE to normal levels [81].

9.2. Platelet Aggregation Inhibition

There is a strong correlation between platelet aggregation and
atherosclerosis, heart disease, and strokes [82]. The antiplatelet
activity of different pharmaceutical formulations of garlic, includ-
ing fresh garlic, garlic powder, and garlic oil are well-documented
[83]. A study by Scharbert et al. sought to determine the effect of
raw garlic at a dietary dose on platelets function [84]. Measure-
ments were performed 5 hours after daily ingestion of fresh garlic
(up to 4.2 g i.e. approximately 1-2 garlic cloves) by healthy volun-
teers for a week. No inhibitory effect on platelet function was re-
ported. The effect of continuous ingestion of 4.2 g garlic daily for a
week confirmed the absence of relevant platelet inhibition [84].
Paradoxically, the effect of several garlic powders and extracts
derived from garlic or processed garlic oils was shown to exhibit
anti-aggregatory effects. This discrepancy is likely due to changes
in the characteristics of garlic’s intrinsic chemistry according to the
method of processing. For instance, raw garlic and processed garlic
exhibit differences in bioavailability and in the amount and type of
bioactive garlic components that eventually reach blood stream.
Processed garlic did not increase bleeding events in patients receiv-
ing oral anticoagulation therapy [84]. However, raw garlic constitu-
ents may enhance the effect of antiplatelet drugs, anticoagulants, or
analgesic drugs [84]. It was concluded that avoiding dietary raw
garlic in socially acceptable doses is not necessary in case of risk of
perioperative bleeding [84].

A randomized double-blind placebo-controlled crossover study
was conducted to determine the effects of garlic oil on platelet ag-
gregation [85]. Solvent-extracted garlic oil incubated in ethanol
(SEE) was shown to possess potent in vitro antiplatelet activity
[85]. However, garlic oil can reduce platelet aggregation induced by
adrenaline but not by collagen or ADP. This may be due to an
adrenaline-specific effect on the al and o2 adrenoceptors present
on platelets. However, other possibilities cannot be excluded. While
SEE does not seem to present high clinical significance in platelet
aggregation, other garlic products may still be clinically useful in
decreasing platelet aggregation as they are manufactured differ-
ently. Different organosulphur compounds will have slightly differ-
ent pharmacokinetics and efficacy, which will be translated into
differences in clinical efficacy. The study concluded that SEE is
unlikely to be clinically beneficial in reducing platelet aggregation
upon acute administration, but may be clinically useful with chronic
administration or as a complementary therapy with aspirin or other
antiplatelet therapy [85].

A recent study examined the effects of acute garlic supplemen-
tation on fibrinolysis and vasoreactivity both at rest and following
maximal exercise [86]. The population comprised 18 healthy
trained males (ages 20.9 + 2.2 years, weighing 75.5 + 9.6 kg, with
178 + 7.7 cm height, and has VO, max of 59.8 + 6.7 mL/kg/min). 4
hours prior to evaluation, the participant pool was supplemented
with 900 mg garlic powder preparation. The primary finding of this
study was that acute garlic supplementation does not improve either
resting or exercise fibrinolytic potential or vasoreactivity. However,
it appears to result in a small but significant increase in VO, max;
(Placebo = 59.8 + 6.7 mL/kg/min versus Garlic = 61.4 + 6.6
mL/kg/min).

In a double-blind randomized placebo-controlled trial aimed at
studying the effect of aged garlic extract on hypertension and other
cardiovascular risk factors, Ried et al. concluded that platelet-
function testing provided evidence that Kyolic® aged garlic extract
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was safe, and tended to normalize platelet function, even if taken
with a blood-thinning medication [57].

9.2.1. Mechanisms of Action

Several potential mechanisms have been postulated to explain
the underlying anti-aggregatory action of garlic. These include
platelet aggregation inhibition by increased cyclic nucleotides and
inhibiting both fibrinogen binding and platelet shape change [87];
inhibition of platelets cyclooxygenase activity [88]; increasing in-
tracellular cAMP and reducing the interaction of GPIIb/IIla recep-
tor with fibrinogen [89]; inhibition of Ca** uptake into platelets
[90]; inhibition of platelet phospholipids degradation and arachi-
donic acid incorporation into platelet membrane phospholipids [91]
(Fig. 3).

9.3. Cholesterol-Lowering Activity

Elevated serum lipid levels are associated with an increased risk
of cardiovascular diseases, particularly with coronary events and
atherosclerosis [92]. The lipid-lowering activity of garlic is still
controversial and results of double-blind clinical trials are inconsis-
tent (Table 2). In the most recent meta-analysis study, Ried et al.
assessed a total of 63 publications for eligibility [49]. A total of 39
trials fit inclusion criteria for meta-analysis, of which 37 reported
sufficient data on TC levels; 26 reported LDL-C data; 30 reported
HDL-C data; and 32 reported triglyceride data. These 39 random-
ized controlled trials had 2,298 participants with an age range be-
tween 20-60 years, with a mean age of 49.5 years. Most trials em-
ployed a parallel study design, although five trials used a crossover
design. Durations of these trials ranged from 2 to 52 weeks. The
majority of the trials investigated garlic powder, although some
trials had used garlic oil, aged garlic extract, and raw garlic. Con-
clusions of this updated meta-analysis suggest that garlic is superior
to placebo in reducing elevated TC by 17+6 mg/dL and LDL-C by
9+6 mg/dL in individuals with elevated TC levels (>200 mg/dL),
provided that garlic is taken for more than 2 months [49]. HDL-C
levels improved slightly by 1.5+1.3 mg/dL; yet, TG levels were not
significantly influenced [49]. These results were strengthened in
subgroup analyses that included only non-industry-sponsored trials.
The authors concluded that garlic preparations might be considered
as an alternative option with a higher safety profile than conven-
tional cholesterol-lowering medications for patients with slightly
elevated cholesterol [49].

Another meta-analysis suggested that garlic was superior to
placebo in reducing the serum total cholesterol and TG levels by
0.28 (95% CI, —0.45, —0.11) mmoL/L and 0.13 (95% CI, —0.20,
—0.06) mmoL/L, respectively, without significantly influencing
LDL-C, HDL-C, Apo-B, and TC/HDL-C [93]. This meta-analysis
evaluated a total of 26 randomized, double-blind, placebo-
controlled trials of 1295 subjects. A total of 22 studies enrolled
subjects of both genders with 4 were restricted to men. Moreover,
nine additional studies met the inclusion criteria, but were not in-
cluded due to incomplete data for the statistical pooling. Studies
were excluded for several reasons: 6 trials were excluded for diabe-
tes mellitus, 2 for concurrent use of lipid-lowering agents, 2 for
garlic administered with other components, and 1 for gender differ-
ence between garlic and placebo groups. A total of 21 of the 26
included studies were parallel designed, while the other five were
crossover studies. Only four studies enrolled subjects with normal
lipid values. Garlic powder (GP), mainly Kwai® with doses ranging
from 600 to 900 mg was the most used product. Garlic oil and aged
garlic extract were also used. The duration of the intervention
ranged from 2 weeks to 1 year. It was concluded that this modest
effect of garlic therapy should benefit patients with risk of cardio-
vascular diseases, as garlic may also reduce blood pressure, de-
crease plasma viscosity, and other cardiovascular risk factors.

Since the publication of those meta-analysis, a placebo-

controlled trial demonstrated, for the first time, the beneficial ef-
fects of aged black garlic (ABG) on atherogenic parameters [22].
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Fig. (3). A summary of the most common underlying mechanisms implicated in the anti-thrombotic effects of garlic.

The study concluded that supplementation with ABG at a dose of 6
g/day for 12 weeks significantly increased the level of HDL-C in
mildly hypercholesterolemic adults [22]. No corresponding changes
were observed for levels of LDL-C, TC, TG, and free fatty acids
between the two groups. However, ABG tended to reduce the ratio
of apoB to apoAl (P = 0.007), significantly decreased the level of
apoB (P = 0.003), and significantly increased the ratio of LDL-
C/apoB (P = 0.000). Together, these data suggest that ABG-treated
group has a lower risk for developing CVD.

In patients with coronary artery disease (CAD), supplementa-
tion with dry garlic powder tablet appears to be superior to placebo
in prevention of carotid intima-media thickness progression [94]. A
dose of 800 mg of dried garlic daily significantly lowered carotid
intima-media thickness over 3 months as compared to placebo, was
well tolerated and acceptable, and may be considered as a safe ad-
junct treatment of atherosclerosis especially in CAD patients that
will undergo angioplasty. Furthemore, in a prospective, random-
ized, double-blind trial, it was found that a combined therapy of
simvastatin (10 mg), black seed (500 mg), and garlic (250 mg) daily
was more effective in the reduction of non-HDL, TG, LDL and
cholesterol than treatment with simvastatin alone [95]. The combi-
nation therapy also significantly increased HDL in the same group
of patients [95]. Similar lipid-lowering results were obtained in
several other trials [96-98] (Table 2).

9.3.1. Mechanisms of Action

Hyperlipidemia is one of the major causes of ischemic heart
disease and other complications such as atherosclerosis [92]. Oxida-
tion of LDL has been identified as a major contributor for athero-
sclerosis [99]. Any intervention that can prevent this oxidation will
likely be useful in the prevention or management of atherosclerosis.
There are many studies that have identified the ability of garlic to

reduce TC and LDL both in vitro and in vivo [99]. Several mecha-
nisms have been elucidated to explain garlic’s hypolipidemic and
anti-atherosclerotic effects (Fig. 4). The ability of aged garlic ex-
tracts and its constituents to suppress LDL oxidation is one of the
most effective mechanisms that could explain the lipid-lowering
effect of garlic. This ability has been demonstrated in both in vitro
and in vivo studies [100].

CD-36 is a scavenger receptor that plays an important role in
the uptake of oxidized LDL and in the formation of foam cells dur-
ing atherosclerotic plaque formation. Regulation of CD-36 expres-
sion is mainly mediated by the nuclear hormone peroxisome prolif-
erator activator receptor (PPARYy). Interestingly, it was recently
reported that AGE inhibited the transformation of monocytes into
CD-36-expressing macrophages through inhibition of (PPARy)
activation, with a consequent reduction in the uptake of OX-LDL
[101].

Garlic may also exert its effects by inhibiting hepatic enzymes
involved in cholesterol biosynthesis such as 3-hydroxy-3-methyl-
glutaryl-CoA reductase (HMG-CoA Indeed, in vitro cholesterol
synthesis was found to be significantly inhibited by garlic’s SAC
and ajoene [102, 103].

ATP-binding cassette transporter A1 (ABCA1) regulates cho-
lesterol efflux to apolipoprotein Al, which plays a critical role in
the reverse cholesterol transport (RCT) from lipid-laden human
macrophages. Indeed, ABCA1 is an important player not only in
the biogenesis of HDL but also in the formation (or rather preven-
tion) of foam cells that result from the accumulation of cholesterol
in macrophages [104]. ABCA1 also enhances cholesterol excretion
by increasing the concentration of high-density lipoprotein (HDL)
[105]. Recently, the effect of different concentrations of SAC on
the expression of ABCAl in human THP-1 macrophages
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Table2. Summary of major cholesterol-lowering garlic clinical trials.

Study Type Duration Dose Number of patients Preparation Outcomes
Sobenin et al., Randomized, dou- 12 months 300 mg of GP per A total of 51 patients with | Allicor” garlic powder Significant decrease in LDL-C by
2011 [96] ble-blinded placebo- day CHD; 26 patients treated 32.9 in men and by 27.3 mg/dL in

controlled trial with garlic (14 men and women.
12 women) and 25 pa- The reduction in TG was insignifi-

tients treated with pla- cant.
cebo.
Higashikawa Randomized, dou- 12 weeks Four capsule of A total 55 patients with Garlic fermented with No significant change in TG

etal.,2012 ble-blind, placebo- MGEFE daily a total mild hypercholes- Monascuspilosus concentration at the end of the
[97] controlled clinical 0f 900 mg MGFE, terolemia, 28 included in (MGFE) treatment. Significant decrease in

trial which contains 2 mg the garlic group and 27 in LDL-C by 14.2% at maximum.

of monacolin K. the placebo group.

Jung et al., Randomized, dou- 12 weeks A total of 6 g/day A total of 55 patients with Aged black garlic No significant reduction in TG, TC

2014 [22] ble-blind, placebo-

mild hypercholes- (ABG) and LDL in garlic group compared
controlled clinical

terolemia completed the with placebo.

trial trial among them n =28 HDL-C level was increased com-
in garlic group, n =27 in pared with placebo.
the placebo group.

Significant increase in apoB level

was observed.
Significant increase in the ratio of

LDL-C/apoB
Orekhov et al. Randomized, dou- 24 months 300 mg Allicor® A total of 196 patientsas- Allicor” Garlic pow- No significant changes on TC com-

2015 [98] ble-blind, placebo- daily ymptomatic men) who der pared with placebo group.

controlled clinical with early carotid athero-

It was observed that GP prevented

trial sclerosis. among them 93 the rise of LDL-C significantly
treated with Alicor and during the trial compared to placebo.
103 with placebo.
Mahdavi- Preliminary Ran- 3 months Garlic powder tab- 56 patients with CAD. Garlic powder tablets. No significant differences from the
Roshan et al., domized, placebo- lets containing 1200 Garlic group (n=27) baseline for lipid, lipoproteins and
2015 [94] controlled, clinical mg allicin/tab twice apolipoprotein in both groups.
R R Placebo group (n=29)
trial daily A significant reduction in TG levels
were observed in the garlic group
compared with placebo. (p<.0008)
Ried et al., double-blind ran- 12 weeks 1.2 g of AGE con- A total of 88 patients with Aged garlic extract No significant difference in TC or
2016 [57] domized placebo- taining 1.2 mg S- uncontrolled HTN LDL was observed.
controlled trial allylcystein
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Fig. (4). A summary of the most common underlying mechanisms implicated in the anti-atherosclerotic effects of garlic.
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was determined [105]. Using real-time PCR, it was found that SAC
induces the expression of ABCA1 and thus, this garlic’s bioactive
may be beneficial in RCT and consequently prevention of athero-
sclerosis [105].

The inhibition of cholesterol absorption is another possible
mechanism. In a recent study, the effect of aqueous garlic extract on
the expression of Niemann-Pick C1 like 1 (NPCI1L1) was studied
[106]. NPC1L1 is a regulatory protein responsible for the intestinal
absorption of cholesterol as well as P-binding cassette transporters
Al, G5 and G8 (ABCA1, ABCGS5 and ABCGS) part of RCT. In the
group treated with garlic, expression of intestinal NPCIL1 was
significantly decreased, whereas the expression of ABCGS,
ABCGS, and ABCA1 was significantly increased [106].

More recently, Mohammadi ef al. investigated the enhancement
caused by aqueous garlic extract on ezetimibe; a drug that inhibits
the absorption of cholesterol [107]. It was found that combination
therapy synergistically decreased plasma levels of total cholesterol
(TC), (TG), LDL and VLDL-C; this reduction was far more pro-
nounced than the reduction occurred in the group treated by either
Ezetimibe or garlic alone. The reduction of NPC1L1 was also more
significant in the combination group [107].

The liver X receptor, LXRa, is a member of the nuclear recep-
tors superfamily, and it plays a critical role in TG and cholesterol
homeostasis regulation. Interestingly, garlic appears to modulate its
expression in both the liver and intestine of mice [108]. Indeed,
garlic increased the expression of LXRa significantly in the intes-
tine while it reduced the liver LXR [108]. Moreover, garlic extract
significantly decreased plasma levels of TC, LDL, VLDL and TG
with no significant increase on HDL [108]. Thus, the differential
modulation of LXRa expression in the liver versus the intestine
could at least partially explain the hypolipidemic effect of garlic.

The lipid lowering effect of allicin has also been studied in
male ICR mice [109]. Indeed, allicin significantly decreased TC
and LDL in a dose-dependent manner [109]. On the other hand,
allicin decreased hepatic cholesterol storage and prevented the ac-
cumulation of lipids in hepatic cells, indicating that it can prevent
the development of a fatty liver [109].

10. ONGOING CLINICAL TRIALS OF GARLIC IN CAR-
DIOVASCULAR DISEASE PREVENTION AND TREAT-
MENT

There are a number of ongoing clinical trials that are investigat-
ing the different pharmacological actions of diverse garlic prepara-
tions in different clinical stages (Table 3) [110]. Once completed,
the results of these studies will likely provide a much needed evi-
dence to support the different indications of garlic.

11. ADVERSE EVENTS, PRECAUTIONS AND CONTRAIN-
DICATIONS

Garlic appears to be generally safe; its odor is the most docu-
mented undesired effect associated with consuming it in its fresh
form. Allergic reactions resulting from oral ingestion of garlic as a
food or medicine have been suggested in multiple case reports for
allergic contact dermatitis and urticarial, as well as in single case
reports for anaphylaxis and pemphigus, without concluding a defi-
nite causal relationship [111]. Application of garlic on the skin may
cause contact dermatitis through both primary irritation (garlic
burns) under occlusive dressing of fresh garlic for medical purposes
or for self-mutilation, and allergic mechanisms (allergic contact
dermatitis) [112]. A case report and a case series suggested photo-
allergy after topical application of diallyl disulfide [113]. A case
report suggested that excessive dietary garlic intake or garlic tablets
can result in coagulation alterations such as spinal epidural hema-
toma, increased clotting time, post-operative bleeding and retro
bulbar hemorrhage [114]. There is a concern that the combined use
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of garlic and warfarin may lead to increased anticoagulation effect
of warfarin, however, no case reports of an interaction between
warfarin and garlic were identified [115].

The use of garlic supplements should be avoided in patients
who are allergic to sulfur. Garlic, because of its antiplatelet effects,
should also be avoided in patients who have bleeding abnormalities
and patients who are having a major surgery should suspend the
usage of high-dose garlic one week before the surgery [116]. There
have been no reports that directly relate the occurrence of adverse
interactions between NSAIDs and garlic in humans. It is, neverthe-
less, prudent that patients be appropriately instructed or closely
observed if garlic consumption occurs concomitantly with the use
of these rather commonly prescribed analgesics [117].

Mild gastrointestinal symptoms such as nausea, flatulence, and
bloating have been documented in randomized clinical trials and
observational studies. A case report recorded severe gastrointestinal
adverse interactions such as small intestinal obstruction, epigastric
and esophageal pain, hematemesis, hematochezia after ingestion of
garlic coated tablets; however, this remains far from being estab-
lished [115]. An observational study has suggested hypotensive
effects and a single case report has suggested Meniere's disease and
myocardial infarction [115]. These represent potentially the most
serious adverse effects. The frequency of adverse effects and
whether they varied by different preparations have been rarely stud-
ied. There are no rigorous scientific studies of the safety of dietary
supplements (including garlic) during pregnancy, and the Teratol-
ogy Society has stated that garlic’s consumption during pregnancy
cannot be assumed to be safe for the embryo or fetus [115]. It is
thus recommended that doses of garlic greatly exceeding amounts
used in foods should not be taken during pregnancy and lactation
[115].

12. PATIENT COUNSELING

Herbal supplements may interact with drugs that the patient is
already taking; this may result in serious side effects. Until now,
studies investigating drug-herb interactions are limited to system-
atic analysis and case reports [118, 119].

Garlic supplements are marketed widely as an over-the-counter
drugs and are one of the most widespread herbal products [118].
Garlic supplements are mainly used for their hypolipidemic and
hypotensive effect, and for the prevention of cardiovascular dis-
eases. Indeed, it was reported that the use of garlic is very common
among hypertensive patients, with 4102 of 7703 patients sampled
(53.3%) reported that they were using garlic [120]. However, no
acute blood pressure lowering effect was observed in any of the
groups taking placebo, garlic or garlic tablets in the study. The
authors concluded that patient’s beliefs that are not based on evi-
dence should be clarified using education programs. While this may
seem to be contradictory to earlier observations discussed in Sec-
tion 9 above, this study looked at the “acute” effect only. Other
factors such as patients reporting of their garlic use may not be as
accurate.

Patients who are taking certain medications should be aware of
the concurrent use of garlic supplements. Mateen et al. evaluated
the effect of concurrent use of single or multiple dose of 600 mg
AGE with 100 mg cilostazol [121]. The study was randomized,
placebo-controlled crossover, with a total of 14 patients with type-II
diabetes. Concurrent treatment over a period of 7 days did not seem
to significantly modulate the patients’ antiplatelet activity, further
suggesting patient education may be important when they seek
herbal supplements hoping to potentiate their medication’s effects.
Again, this findings is in apparent contrast with the discussion pre-
sented in section 9, but the fact that the patients enrolled in this
section were diabetic could play an important role in the mecha-
nism and effect of garlic. However, this remains to be validated.
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Table3. Ongoing clinical trials of garlic on cardiovascular diseases’ prevention and treatment.
Study Aim Condition Intervention Phase Status
Effect of Aged Garlic Assessing the effect of Aged Garlic Ex- Metabolic Syndrome Aged garlic extract Phase 4 Completed
Extract on Atherosclerosis tract on the coronary arteries vs. placebo Has Re-
sults
Firefighter Aged Garlic Compare the effects of cholesterol lower- Coronary Atheroscle- Dietary Supple- Phase 3 Completed
Extract Investigation with ing effects in a firefighter population of rosis; Coronary Artery ment: Aged garlic Has Re-
CoQ10 as a Treatment for patients under the influence of Aged Calcification; Coronary | extract and Coen- sults
Heart Disease (FAITH) Garlic Extract + CoQ10 or placebo. Stenosis zyme Q10
Compare whether degree of change in
atherosclerotic coronary artery plaque
burden will change at a different rate
under the influence of Aged Garlic Ex-
tract + CoQ10 compared to placebo treat-
ment.
Compare whether Aged Garlic Extract +
CoQ10 therapy induces changes in base-
line values including biological and bio-
chemical parameters, such as LDL cho-
lesterol, homocysteine, C-reactive protein
(CRP), and endothelial function.
Study of the Cardiovascu- Evaluation of the metabolic and physio- Cardiovascular Disease Dietary Supple- NA Completed
lar Vitamin, CardioLife logical characteristics of patients with ment: CardioLife
diagnosed cardiovascular disease follow-
ing administration of the cardiovascular
vitamin, CardioLife.
Identifying the Anti-Blood- | To identify the compound(s) in garlic that Arteriosclerosis; Dietary Supple- NA Completed
Clotting Compounds in is (are) responsible for its ability to pre- Intracranial Arterio- ment: garlic pow- Has Re-
Garlic vent the formation of blood clots and to sclerosis der added to ambi- sults
determine the maximally effective dose ent water; Dietary
and duration of the benefits Supplement: garlic
powder added to
boiling water
A Human Trial to Evaluate A double-blind parallel study in a group Hyperlipidemia Dietary Supple- Aged garlic: Completed
the Efficacy and Safety of of mildly hypercholesterolemic subjects ment: Aged garlic phase 2 Has Re-
Aged Garlic Powder on who were given aged garlic powder over powder; Dietary Placebo pow- sults
Improvement of Blood a period of 12 weeks, then measured Supplement: Pla- der: phase 3
Lipids in Subjects with serum lipids, including total cholesterol, cebo powder
Hyperlipidemia low-density-lipoprotein (LDL) and high-
density-lipoprotein (HDL) cholesterol,
and triglycerides, and monitored their
blood pressure.
Effect of Garlic Tablet To determine whether garlic in adjunct to Coronary Artery Dis- Dietary Supple- NA Completed
Some Indicators Related to conventional medical treatment is effec- ease ment: Garlic
Atherosclerosis tive in improving carotid intima media
thickness (CIMT), Flow mediated dilation
(FMD) and plasma lipid profile or c-
reactive protein of coronary artery disease
(CAD) patients.
Effects of Garlic Supple- Determine whether garlic supplements Healthy Garlic powder with Phase 4 Completed
ments on Drug Metabolism | affect the way certain drugs are processed high allicin con-
in the body. tent; Garlic powder
with low allicin
content; Garlic oil;
Aged garlic
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(Table 3) Contd....
Study Aim Condition Intervention Phase Status
Trial of Supplementation To investigate if the supplementation with Metabolic Syndrome Aged garlic extract Phase 4 Unknown
with Aged Garlic Extract Kyolic® can alter the plasma levels of vs. placebo
to Improve Endothelial inflammatory markers, insulin and the
Function in Patients with endothelial function of patients with
Metabolic Syndrome metabolic syndrome.
Comparing Effects of 3 To determine whether fresh garlic can Hypercholesterolemia Fresh garlic or Phase 2 Completed
Sources of Garlic on Cho- | positively affect cholesterol in adults with garlic supplements Phase 3
lesterol Levels moderately high cholesterol levels. This
study will also determine whether the
same effects can be found for two main
types of garlic supplements: a dried pow-
dered garlic (designed to yield the same
effect as fresh garlic) and an aged garlic
extract preparation.
Effects of Monascus Garlic To determine the effect of monascus Hypertriglyceridemias Monascus Garlic NA Completed
Fermented Extract on garlic fermented extract on serum lipid Fermented Extract
Serum Triglyceride Level concentrations in subjects with moder- vs. Placebo
ately elevated serum triglyceride.
Atherosclerosis Monitoring To estimate the effect of two-year treat- Carotid Atherosclerosis | Allicor vs. Placebo Phase 3 Completed
and Atherogenicity Reduc- | ment with time-released garlic-based drug
tion Study Allicoron the progression of carotid athe-
rosclerosis in double-blinded placebo-
controlled randomized clinical trial.

13. DOSAGE AND ADMINISTRATION

Long-term administration is recommended in the prevention of
atherosclerotic (age-dependent) vascular changes. The recom-
mended daily doses of different garlic preparations are summarized

in Table 4 [116].

Table4. Recommended Garlic daily doses.
Garlic Preparation Daily Dose
Fresh garlic 2-5¢g
AGEs 24-72¢g
Garlic oil 2-5mg
Dried powder 04-12¢g
Fluid extract 0.5-2 mL 3x

Others

Dose that will provide 4-12 mg of allicin

CONCLUSION AND RECOMMENDATIONS

The in vitro, animal and clinical studies presented in this review
suggest potential antihypertensive, platelet aggregation inhibition,
and cholesterol lowering effects of garlic. Even though many
mechanisms have been proposed for each indication, more molecu-
lar and biochemical studies are needed to further explore the under-
lying mechanisms in garlic’s cardiovasculoprotective effects.
Large, well-designed, double-blind clinical trials are needed to
provide sufficient safety and efficacy evidence for the use of garlic
as a hypotensive, a cholesterol-lowering, and as an antiplatelet ag-
gregation agent. We recommend the incorporation of garlic into
human diet as part of adopting a healthier life style, especially one

aimed at preventing or better-managing cardiovascular diseases.
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